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The conception and evaluation indices of the bearing capacity of the concrete pavement field floor are analyzed in this paper. In
order to get the damage process of the concrete panel, its tension and compression injury factors are derived, and a field floor
structural dynamic model with concrete damage constitutive relation is built based on ABAQUS, and the influence of thickness
and Young’s modulus of the concrete panel to the vehicular missile launching is comparatively analyzed.

1. Introduction

Missile launching is an important component of the whole
launching process, with the features of greater load and
shorter time. Severe vibration takes place on the launch plat-
form under the joint effect of impact of ejection load and flex-
ible support of the field floor, which has an important
influence to the missile’s initial disturbance. Excessive initial
disturbance will make the plume impact to the launch canis-
ter laterally when the missile engine is ignited, causing dam-
age to launch platform in extreme conditions. Therefore, it is
required to study the influence to the launch effects of the
coupling effect of launch equipment and field floor.

The stretch and compression effects of the vertical cylin-
der were considered, and the major incentive load during the
launching process was discussed, including the ejection force,
additional load, and contact force. The launching dynamic
model of flexible effects with field floor was established, the
simulation analysis of the launching dynamics was carried
out, and the impacts of concrete panel thickness and elastic
modulus to the launching effects were discussed in detail.

2. Conception and Evaluation of
Carrying Capacity

When choosing the launching field floor for vehicular mis-
siles, it is primary to ensure that the field floor will not be

damaged from accessing the position to evacuating after the
entire launching process was completed; secondly, the subsi-
dence cannot be too much in order to avoid inclination of
launching equipment. The evaluation of the field floor carry-
ing capacity should focus on the security of missile launching
and the critical state (limit state). The limit state of field floor
carrying capacity is the state when pavement structural stress
exceeds the material strength and then damage it or when
excessive deformations influence the launching process.

Since 1960, Losberg and others have developed the theory
of ultimate bearing capacity of concrete pavement structures
on the basis of yield line theory [1]. In 1963, Meyerhof pro-
posed a method for estimating the ultimate bearing capacity
of rigid plastic plates on elastic foundations [2].

Damage of the field floor is related to thicknesses, mate-
rials of each structural layer, and the conditions and loads
between the layers closely. For the rigid concrete field floor,
the concrete surface layers bear the major loads. The process
from applying the loads to damaging layers completely can
be divided into four stages [3], as is shown in Figure 1. The
ultimate bearing capacity of the road slab proposed by Mey-
erhof is calculated with the stage 3 of the panel work, which is
the limit load when the top surface appears to have a circular
crack. All the linear elastic modes are calculated by stage 2 of
the panel work, when the first radial crack occurs at the bot-
tom of the panel [3].
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Stage 1: apply the load P. The stress on the pavement
panel does not exceed the ultimate strength of it. The panel
is in elastic state. After stopping the load, the pavement
panel restores.

Stage 2: increase the load P gradually. The flexural tensile
stress in the central part of pavement panel reaches the flex-
ural tensile strength firstly, and radial cracks occur in this
part. Then, the load applied on the panel is called yield load
Ps, which can be considered as the maximum load in the
elastic stage.

Stage 3: increase the load continuously. The cracks gener-
ated firstly begin to expand and stretch, and meanwhile more
radial cracks appear, which extend radially from the center of
the panel, until the flexural tensile stress is produced by the
maximum negative moment in the position with a distance
of b from the center.

Stage 4: as the load continues to increase, the cracks grow
larger. Until the panel is sheared along the cracks and sinks,
the panel is totally destroyed.

As can be seen from the destruction process of the pave-
ment panel, it is the center of the panel bottom that cracks
firstly, of which the stress reaches the flexural tensile strength
firstly. To ensure that the field floor would not be damaged
during launching, the flexural tensile stress should be moni-
tored. Thus, the flexural tensile stress of the panel bottom
should be one of the indicators that expresses carrying capac-
ity. Deng and Chen [3] defined the ultimate carrying capacity
of the pavement structure as the pavement deflection in the
critical failure state. Pavement deflection essentially contains
the composite deformation of every layer of pavement struc-
ture, characterizing the capability of pavement layers to resist
the vertical deformation and reflecting the overall stiffness of
the subgrade pavement structure, considering the deflection
evaluation can help to prevent excessive deformation of the
field floor that will cause subsidence. In summary, in order
to prevent the floor’s holistic cracking and excessive defor-
mation of the floor surface, the flexural tensile stress of the
center of the bottom surface of field floor and the deflection
of its top surface are defined to be the evaluation indicators.

3. Dynamic Analysis of the Launching Process

3.1. Stiffness Calculation of Hydraulic Cylinders. After erect-
ing in place, the positive and negative pressure chambers of
the cylinder are all in closed state. The hydraulic oil is gener-
ally considered not to be compressible, but its compressibility
cannot be ignored if there is great dynamic load.

There are two cases in the launching process of the
hydraulic cylinder, stretched state and compressed state. In
the stretched state, the resistance is mainly contact forces

due to spacing between the piston cylinders. In the com-
pressed state, the piston rod moves to the side of positive
pressure chamber, and the oil under pressure generates
resistance. Then, the erection cylinder functions as a very
large spring with a great stiffness and damping, as shown in
Figure 2.

Viscous damping coefficient is related to selection of the
hydraulic oil. The viscous damping coefficient of piston is
taken as 250N·s/mm based on the simulation validation
study of erecting process of large-scale installations [4];
equivalent hydraulic stiffness is calculated [5, 6] as

K = A2

V
E, 1

where A is the effective area of hydraulic compression, V is
the volume of oil chamber, and E is the elastic modulus of
hydraulic, usually taken as 750MPa.

According to the effective area and volume of chambers,
equivalent stiffness of each stage is calculated as 3.9× 107N/
m, 3.96× 107N/m, 4.02× 107N/m, and 4.08× 107N/m.

The erecting hydraulic system comprises four hydraulic
cylinders, so the spring dampers are added between the pis-
ton and cylinder to simulate the compression of hydraulic
cylinders when establishing the launching dynamic models.

3.2. Incentive Load. The vehicular missile uses draping ejec-
tion mode in this study. Throughout the launching process,
the main motivations the missile suffered are the ejection
forces of ejection devices and the impact forces between
adapters and canister, and the main motivations the launch-
ing devices suffered are additional loads generated by the
adaptive base, the collision force, and the coupling force of
the field floor.

3.2.1. Ejection Force. The ejection force of the missile is pro-
vided by the launcher, which is simulated by unidirectional
force with body in ADAM. Its magnitude is

F t = P t ⋅ S, 2

where P t is the experiment measurements of gas pressure
at each time, as shown in Figure 3; S is the effective area at
the bottom of the missile.

3.2.2. Additional Loads of Adaptive Base. Ejection power sys-
tem uses adaptive base gas ejection system. Prior to launch,
the adaptive base is suspended at a distance from the launch-
ing field floor. During the launch, expansion and deforma-
tion occur to the base in the role of high-pressure gas and
then the base comes into contact with the ground, transmit-
ting the recoil force to the ground through the adaptive base.
However, not all the gas pressure is transmitted to the
ground. There is a part of the load acting on the launching
canister, which is called additional load. Additional load is
an input parameter simulating the ejection process and has
significant influence to launching effect. It is also an impor-
tant input parameter to design the launch canister and initial
container chamber. The structure of adaptive base is shown
in Figure 4.
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b

Figure 1: A schematic diagram of rigid pavement carrying loads.
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Currently, the additional load was measured by the com-
bined empty release test of the pressure buildup in the initial
chamber [7]; there is no mature theoretical calculation
method of additional loads. The finite element method is
used for calculation in this study. The ABAQUS software is
used to simulate the expansion of the adaptive base and its
contact process with the field floor under launching condi-
tions. Then, we integrate the tensile stress on the upper end
face of the base to obtain additional load.

Adaptive base material is a composite that comprises
cord and rubber, of which the inner and outer surfaces are
rubber material with a thickness of 0.5mm. Its internal part
is of laminated plate structure of 15 layers± 45° alternate
plies. Rubber material is simulated by constitutive model
Yeoh provided by ABAQUS, of which the model parameters
refer to the value in literature [7]. The elastic modulus of cord
is taken as 767MPa [8]. The S8R unit is used to discrete the
base, and the Reber unit simulates the enhancement of cord
in rubber, establishing the structural dynamic model accord-
ing to Table 1. ABAQUS/explicit display solver is used for
calculation; the sampling frequency is 10Hz. The finite ele-
ment model established in ABAQUS are shown in Figure 5.
Due to a certain fluctuation of the additional load, it is poly-
nomially fitted, and the calculation results are shown in
Figure 6.

3.2.3. Contact Force. Throughout the launch process, the
adapters will contact with the canister; thus, there is a request

to establish contact relationships between these two entities.
The adapters are set to be foam, and the canister be glass fiber
composite material. The contact parameters are selected as
follows recommended by ADAMS:

Contact stiffness is 3.8 × 103N/mm; damping coefficient
is 1.52N·s/mm.

Force function index is 2; maximum penetration depth
is 0.1mm.

Static friction coefficient is 0.13; dynamic friction coeffi-
cient is 0.09.

Static friction conversion speed is 0.1mm/s; dynamic
friction conversion speed is 10mm/s.

3.3. Calculation Results and Analysis. According to the
above process, the flexible multibody dynamic model of
vehicular missile weapon system is established in ADAMS,
shown in Figure 7.

3.3.1. Dynamic Analysis of the Launching Process. The mis-
sile launching process at the basic structure of field floor is
simulated here, obtaining the velocity of the missile, the
dynamic response at the hydraulic legs, the vibration of
canister top, and the initial disturbance of missile and
other launching effects.

In order to describe the dynamic characteristics of the
missile weapon system in the process of erecting and launch-
ing, the following coordinate system is set up.

The global coordinate system is an inertial coordinate
system OXYZ and is connected with the earth. The original
point is located at the origin of the datum coordinate system
of the vehicle assembly in the three-dimensional modeling
Pro/E. Axis x points to the front of the vehicle, and axis y is
perpendicular to the direction of the field. Axis z is deter-
mined by the right-hand rule.

The measurement coordinate system is a body coordi-
nate system oixiyizi, i = 1, 2,… , 52, and numbering of 52
components. The origin of the coordinate system is located
at the center of the corresponding component, and the ini-
tial direction of each axis is consistent with the inertial
coordinate system.

The missile uses vertical launching mode, The angular
displacement of the missile around the inertial coordinate
system x-, y-, and z-axis is defined as the yaw angle θx, pitch
angle θy, and roll angle θz . The angular velocity of the missile
around the inertial coordinate system x-, y-, and z-axis is
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Figure 2: A schematic diagram of stiffness calculating a hydraulic
cylinder.
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Figure 3: Gas pressure curve.
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Figure 4: A schematic diagram of elastic system.
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defined as the yaw angular velocity ωx, pitch angular velocity
ωy, and roll angular velocity ωz .

The simulation results are as follows:
Figure 8 is a curve showing the missile’s velocity of

centroid during the launching process. Figure 9 is a curve
showing the angular velocities of the missile in pitch, yaw,
and roll directions. Observing the animation process of sim-
ulation, it can be seen that the moment the missile leaves, the
launching canister is 1.063 s. According to Figure 8, the speed
at which the missile leaves the canister is 25.49m/s, and the
maximum speed is 26.6m/s, corresponding to the time of
0.939. The information shows that before the missile leaves
the canister completely, the ejection force exerted on it is
not sufficient to overcome its weight and the friction from

adapters, so the missile starts to do deceleration. After it is
completely out of the canister, the missile makes uniform
deceleration due to its own gravity.

As can be seen in Figure 9, the missile roll rate is almost
zero; the yaw rate is very small, of which the maximum is
only 0.047 deg/s; the pitch angular velocity changes dramati-
cally. The curve in resonance form indicates that the missile
moves in reciprocating pitch ways. The maximum of the
pitch angular velocity is about 1.06 deg/s and is 0.43 deg/s
when the missile leaves the canister. The pitching movement
of the missile is violent while the yawing and rolling move-
ment is slight. The reasons are as follows: the draped ejection
launching mode is used, and the additional load with respect
to the fulcrum below of the launching arm forms a moment
applying to the canister, making the canister do pitching
under the “flexural” coupling effect of the field floor, and then
the missile within the canister moves following it. As is also
shown in Figure 9, the missile after leaving the canister bears
only the gravity, and it will continue to rotate at the angular
velocity of the moment it leaves the canister, which is adverse
to the ignition of the missile.

Figure 10 shows the vibration velocities in X, Y, and Z
directions of the center of top launching canister top; its
vibration displacements in X, Y, and Z directions are shown
in Figure 11. x-axis points to the right front of the vehicle,
z-axis is perpendicular to the field floor and points upwards,
and y-axis is determined by the right-hand rule.

It is apparently shown in Figure 10 that there is almost no
vibration of the canister in Y direction, which is consistent
with the law shown in Figure 9. In the Z direction, the canis-
ter has an upward movement with a small margin, which is a
reflection of vehicle’s overall “rebound” due to the launching
platform that no longer bears the mass of the missile after it
leaves. As can be seen from changes in Z direction, the
rebound motion basically stopped after t = 1 3 s, and the
launch vehicle remains stationary in the Z direction. In the
X direction, the launch canister is always in vibration state
during launching. When the vibration in Y direction in
Figure 10 is compared with the pitching angular velocity in
Figure 9, the two curves are almost identical, which further
explains that during the launch process, the pitch movement
of the missile is caused by the pitch of launch canister, and
the ring adapter around the missile has a significant effect
in buffering.

Observing the curve in X direction in Figure 11, it can be
seen that the vibration of launch canister weakens gradually
and eventually maintains a forward offset of about 23mm.
The reason is that the launch canister no longer bears the
weight of the missile and rebounds after the missile launches.

Table 1: Basic parameters of field structure.

Layer number Layer material Compression modulus (MPa) Poisson ratio Thickness (cm)

1 PCC 30,000 0.15 22

2 Cement-stabilized gravel 4000 0.3 20

3 Lime soil 2000 0.3 20

4 Compacted subgrade 40 0.3 —

Figure 5: FEM of the base.
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The contact forces in normal, longitudinal, and tangen-
tial direction are shown in Figures 12–14, respectively. As
can be seen in Figure 12, the supporting force of the front
and rear legs is not the same at the initial time of simulation
for the fact that before launching, the missile is located at the
rear of vehicle in vertical state, shifting the centroid of launch
platform backwards. Changes in the supporting force value
of rear legs show that the missile starts accelerated motion
since t = 0 068 s when the ejection force increases to the mis-
sile’s weight; when t = 0 1 s, the base of the missile separates
from the launch canister and continues to accelerate under
the ejection force. During this period, the force applied to
launch the vehicle by the missile decreases gradually, making
the front and rear legs rebound gradually. When the launch
platform no longer bears the weight of the missile, the cen-
troid of the whole platform shifts forward drastically and it
begins pitching in the inertia force. This fact is illustrated
by the alternation between the pre and after 0.1 s of the
contact force in the front and rear legs. After the missile
leaves the canister, the vibration of the launch platform
attenuates gradually until it stops due to the damping effect
from itself and the field floor, and the force exerted on the
field floor by the front and rear legs is 1.84× 105N and
1.4× 105N, respectively.

From Figures 13 and 14, it can be seen that throughout
the process of missile launch, there are certain vibrations in
longitude and lateral directions of the launch platform, which
decreases gradually until the missile is out of the canister. As
can be seen in comparison of vibration amplitude in
Figure 12, the maximum contact force in longitudinal direc-
tion is 1840N, and the maximum of the lateral contact force
is 1687N, illustrating that the main vertical vibrations of the
platform during the launch process as a result of what the
launch platform suffered are mainly vertical loads including
the weight of the missile, the friction caused by ejection,
and the additional loads; and the longitude loads are mainly
the passive friction from the field floor.

Y
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X

Figure 7: Launching dynamic model of vehicular missile weapon
system.
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3.3.2. Influence of the Concrete Surface Layer Thickness on
Launch Effects. Pavement panel thickness is an important
parameter to characterize the mechanical properties of the
highway, which influence the support stiffness of the pave-
ment to some extent, resulting in a significant impact on
the launching process. Therefore, it is necessary to discuss
the influence on the missile launching process of concrete
panel thickness. Initial disturbance of missile and vibration
of launch platform are mechanical behaviors that launching
dynamic mainly focuses on and are also the main parameters
reflecting the launch effects. So the changes of these two
parameters in different panel thicknesses are mainly analyzed
here. Assuming that the thicknesses of the surface layer are
50mm, 100mm, 150mm, and 200mm, for the convenience
of the analysis, the simulations in these four thicknesses are
defined in order as thickness 1, 2, 3 and 4, and the thickness

4 is treated as reference to do a comparative study, the results
are as follows.

Figure 15 shows curves of the missile in different surface
layer thicknesses, in which the curves are almost identical,
and their maximum velocities are all 26.6m/s; Table 2 shows
the effect of surface thickness on average velocity and final
velocity, explaining that the concrete surface layers have
no influence on the velocity at which the missile leaves
the canister.

The pitch angular velocities and pitch angles of the
missile are shown, respectively, in Figures 16 and 17 in differ-
ent surface layer thicknesses. As the curves show, the pitch
angular velocities and pitch angles of the missile in different
surface layer thicknesses are not the same. At the moment,
the missile leaves the canister, the pitch angular velocity in
thickness 1, 2, 3, and 4 is 0.819 deg/s, 0.756 deg/s, 0.486 deg/s,
and 0.453 deg/s, respectively. Compared with thickness 4, the
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pitch angular velocity of thickness 1, 2, and 3 increases 80.80%,
66.89%, and 7.30%, respectively. The pitch angles are
0.235 deg, 0.228 deg, 0.207 deg, and 0.197 deg and increase
19.30%, 15.70%and5.10%, respectively, comparedwith thick-
ness 4. For thickness, thickness 1, 2, and 3 reduces 75%, 50%,
and 25% compared with thickness 4, respectively. As can be

seen in the data above, the pitch angular velocity and angle
when the missile leaves the canister increase along with the
decreaseof the thickness of the surface layer, but there isno sig-
nificant proportion relationship between them.

Figures 18 and 19 show the vertical velocity and displace-
ment curves of launch canister top in different surface layer
thicknesses, respectively. Figures 20 and 21 show curves of
longitudinal velocity and displacement of launch canister
top in different surface layer thicknesses, respectively.

3.3.3. Influence on Launch Effect of the Elastic Modulus of
Concrete Surface Layer. The influence of the elastic modulus
of the concrete panel on launch effect is discussed here. Based
on the basic field floor structure, the elastic modulus of the
panel is taken as 10000MPa, 20000MPa, 30000MPa, and
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Figure 15: Missile velocity curves of different surface thicknesses.

Table 2: The effect of elastic modulus on velocity.

Surface thicknesses (cm)
Average velocity

(m/s)
Final velocity

(m/s)

5 17.11 16.31

10 17.04 16.32

15 17.13 16.31

20 17.14 16.30
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Figure 16: Pitch angular velocity of the missile in different surface
layer thicknesses.
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Figure 17: Pitch angle of the missile in different surface layer
thicknesses.
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40000MPa to carry out the launch dynamic simulations. The
calculations are as follows.

Figure 22 shows curves of missile velocity at different
elastic modulus of the surface layer, from which it can be seen
that the curves are almost identical, and the maximum veloc-
ities are all 26.60m/s; the effect of Young’s modulus on
average velocity and the final velocity can be seen from
Table 3, illustrating that the elastic modulus of the concrete
surface layer of the field floor has no effect on the missile’s
velocity when leaving the canister.

The curves in Figures 23 and 24 show the pitch angular
velocities and angular displacements of the missile at differ-
ent elastic modulus. It can be seen that the pitch angular

velocity and the angle of the missile at different elastic mod-
ulus is also not the same. When leaving the launch canister,
the pitch angular velocities at different elastic modulus are
0.559 deg/s, 0.496 deg/s, 0.393 deg/s, and 0.321 deg/s; and
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Table 3: The effect of elastic modulus on velocity.

Elastic modulus (MPa)
Average velocity

(m/s)
Final velocity

(m/s)

10,000 17.11 16.31

20,000 17.16 16.31

30,000 17.13 16.30

40,000 17.14 16.31
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the angular displacements are 0.218 deg, 0.209 deg, 0.187 deg,
and 0.177 deg, respectively. Further calculation shows
modulus 1, 2, and 3 compared with modulus 4 reduces
75%, 50%, and 25%, respectively. The pitch angular veloc-
ity of the missile when leaving the canister increases
74.10%, 54.50%, and 22.40%, while the pitch angular dis-
placement increases 23.20%, 17.50% and 5.60%, respectively.
From the data above, it can be seen that the pitch angular
velocity and angular displacement of the missile when leav-
ing the canister both increase with the decrease of the elastic
modulus of the surface layer, wherein the pitch angular
velocity and the elastic modulus are approximately in
proportional relationship.

Figures 25 and 26 shows curves of vertical velocity and
displacement of launch canister top at different elastic mod-
ulus. The curves in Figures 27 and 28 show the longitudinal
velocities and displacement of launch canister top at different
elastic modulus. From the four graphs above, there are no
significant changes in the vertical and longitudinal move-
ments of the canister top along with the increase of the elastic
modulus, and the curves are almost identical. As is concluded
in the last section, the thickness of the surface layer has a
greater effect on the vibration of the launch platform.

It can be concluded that the elastic modulus has a smaller
effect on the supporting role of the field floor compared with
the thickness of the surface layer.
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Figure 23: Pitch angular velocity of the missile at different elastic
modulus.
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Figure 24: Pitch angle of the missile at different elastic modulus.
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Figure 25: Vertical velocity of launch canister top at different elastic
modulus.
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Figure 26: Vertical displacement of launch canister top at different
elastic modulus.
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4. Conclusion

During the launch process of vehicle missile without relying
on field floor, it is better to choose the pavement with a thick-
ness more than 20 cm of the surface layer to work for the pur-
pose of reducing the initial disturbance when launching.
Compared with the thickness of the surface layer, the elastic
modulus of it has a smaller effect on the supporting role
of the field floor. As a consequence, when selecting the
concrete pavement as the field floor, the thickness of the
surface layer should be considered in priority, secondly is
the elastic modulus.
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Figure 27: Longitudinal velocity of launch canister top at different
elastic modulus.
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Figure 28: Longitudinal displacement of launch canister at different
elastic modulus.
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