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EVALUATION OF MOBILE, COMPOSITE AIRFIELD MAT

One of the basic requirements needed for proper aircraft operation in combat situations is the provision of an adequate
number of airfields and a sufficient level of operational readiness. The rapid repair of airfield pavements enables quick re-
sumption of air operations. The existing technology and methods of airfield pavement reconstruction could not meet the strin-
gent time requirements of military operations, that is why mobile, composite airfield mats have been developed. In the paper,
the operational and maintenance advantages of the elastic, mobile airfield mat ELP-1 KRATER manufactured by Stocznia
Zulawy Sp. z 0.0. are shown. The results of field and laboratory tests, performed by the Air Force Institute of Technology, Po-
land (ITWL) are also shown. The laboratory tests consisted of basic material property testing, as well as fatigue testing of the
composite material. Strength tests of the mat-to-ground anchoring bolts were also performed, the results of which are pre-
sented in the paper. The field tests consisted of two stages: static and dynamic. In the static tests, the quality of the crater soil
filling was tested with pressure plates and deflectometers. The dynamic testing had the form of several runs with a heavy
truck on the mat-subbase system instrumented with strain gauges. These braking runs were an approximation of the loading
conditions present during aircraft landing, and the weight of the test vehicle was comparable to the weight of transport air-
craft. The overall levels of the recorded reaction forces were low, and the heaviest loading occurred during the most aggres-
sive braking and turning maneuvers. The preliminary numerical model of the system consisting of the mat and the soil
subbase is also presented. The numerical analysis was performed with the use of the Finite Element Method (FEM).
A local model used to test the subbase stiffness was created alongside an associated global model which was employed to simu-
late the heavy test vehicle runs. The FE analysis has confirmed the theoretical assumptions and helped to put the experimental
results in a proper framework. The overall evaluation proves that the mechanical strength of the composite mats is sufficient
to withstand loads that may come from heavy military aircraft.
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BADANIA MOBILNEGO, KOMPOZYTOWEGO POKRYCIA LOTNISKOWEGO

Jednym z gléwnych wymagan niezbednych do poprawnego prowadzenia operacji powietrzach w sytuacjach bojowych
jest posiadanie dostatecznej liczby lotnisk i odpowiedniego poziomu gotowosci operacyjnej. Szybka naprawa nawierzchni lot-
niskowej pozwala na szybkie wznowienie dzialan powietrznych. Istniejaca technologia i metody rekonstrukcji nawierzchni
lotniskowych nie sprostaly wysokim wymaganiom czasowym istniejacym w sytuacjach bojowych. Z tego powodu wynaleziono
mobilne, kompozytowe pokrycia lotniskowe. W niniejszym artykule ukazano zalety wykorzystywania elastycznego, mobilnego
pokrycia ELP-1 KRATER, wyprodukowanego przez Stoczni¢ Zulawy Sp. z 0.0. Zaprezentowano réwniez wyniki badan labo-
ratoryjnych i poligonowych przeprowadzonych przez Instytut Techniczny Wojsk Lotniczych. Badania laboratoryjne opieraly
si¢ na badaniach wlasnosci materialowych oraz na badaniach zmeczeniowych materialu kompozytowego, wykonano takze ba-
dania wytrzymalo§ciowe Srub kotwiacych - wyniki przedstawiono w artykule. Badania poligonowe zawieraly dwa etapy: sta-
tyczny i dynamiczny. Podczas testow statycznych jako$¢ wypelnienia uszkodzenia typu krater zostala przebadana za pomoca
plyt dynamicznych oraz ugigciomierzy. Testy dynamiczne polegaly na wielu przejazdach obciazonym samochodem cig¢zaro-
wym po ukladzie podloze-pokrycie i pomiarze tensometrycznym obcigzen. Gwaltowne hamowania samochodu mialy odpo-
wiada¢ warunkom obcigzenia panujacym podczas ladowania samolotu, a ci¢zar samochodu byl poréwnywalny z ci¢zarem
samolotu transportowego. Zmierzone wartosci sil reakeji byly niewielkie, najwieksze wartosci osiagajac podczas najbardziej
gwaltownych manewrow skretu i hamowania. W artykule przedstawiono takze wstepny numeryczny model ukladu podloze-
pokrycie. Do analizy modelu wykorzystano metode elementéw skonczonych. Do analizy sztywno$ci podloza wykorzystano lo-
kalny model, do analizy warunkow testow dynamicznych wykorzystano model globalny. Wyniki symulacji potwierdzily zalo-
Zenia teoretyczne oraz pozwolily poprawnie zinterpretowaé wyniki badan terenowych. Wyniki badan i analiz wskazaly, iz wy-
trzymalo$¢ pokrycia jest wystarczajaca do przeniesienia obciazen pochodzacych od cigzkich samolotow wojskowych.

Stowa kluczowe: mobilne pokrycia lotniskowe, naprawy nawierzchni lotniskowych, maty kompozytowe, metoda elementow
skonczonych

INTRODUCTION

The mobile, composite airfield mat ELP-1 KRATER ~ goal was to use the mat as a means to repair airfields
is manufactured in Poland by Stocznia Zutawy sp. damaged due to directed enemy action [1, 2], or as
z 0.0. The design works started in 1999. The design a temporary helipad (e.g. near field hospitals) or as
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a way to repair roads that have particular, military sig-
nificance. After the acceptance procedures were com-
pleted, in 2002 the production of the mats was
launched, and in 2008 the product was introduced into
service in the Polish military.

Fig. 1. Relation between glass fiber content and tensile strength of
composite

Rys. 1. Zalezno$¢ pomigdzy zawarto$cia wiokna szklanego a wytrzyma-
toscia kompozytu

Polyester resin (type PALATAL U 541) serves as
the matrix in the composite material, and E - type glass
fiber from the Krosno Glassworks serves as the rein-
forcement. Glass fiber constitutes 44% of the composite
volume. The optimal percentage of glass fiber was cho-
sen according to Figure 1. The composite used has the
parameters listed in Table 1, the manufacturer-provided
data is presented in Table 2. The ELP-1 KRATER air
field mat consists of 9 elements (1.8 m wide; 9.1 m
long and 8 mm thick). The elements are connected with
elastic joints that facilitate cooperation of the segments.
An assembly of 9 segments constitutes a half-mat,
and two are connected together to form a complete
16.8 x 18.2 m airfield mat. The elastic joint segment is
made of five layers of polyester woven fabric, bonded
on both sides with polyurethane. The width of the con-
nectors is 70 cm. The layers are interwoven with glass-
fiber reinforcement. The final composite set-up consists
of ten plies of glass fiber and two layers of weave [3].
In Figures 2 and 3 the whole mat system is shown.

TABLE 1. Composite properties
TABELA 1. Wiasciwosci kompozytu

Resin percentage 45.00%
Reinforcement mass 5.00 kg/m?
Resin mass 6.11 kg/m®
Laminate mass 11.11 kg/m?
Single segment weight 182.00 kg
Cover weight 1 638.00 kg
Mat weight 3276.00 kg
Mat area 150.15 m?
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TABLE 2. Manufacturer material data
TABELA 2. Dane producenta

Extensional strength 145 MPa
Bending strength 205 MPa
Tensile modulus 12 100 MPa
Bending modulus 8 950 MPa

The mats were manufactured on specialized rigs.
Each mat segment was overlapped with an elastic con-
nector panel. To obtain the highest possible mechanical
properties, measures were taken to ensure uniformity of
the material structure. In the manufacturing stage, the
mechanical properties of the composite were determin-
ed based on the known properties of the individual
layers, which enabled predictive calculations of the
final product mechanical characteristics [4]. The resul-
ting composite material had to meet the specified tech-
nical criteria - most importantly the ability to withstand
static, dynamic and thermal loads coming from the
aircraft that traverse the airfield mat. A mobile compo-
site mat must also be resistant to aggressive chemical
agents which act on the structure in the operational
environment. Therefore there was a need to test the
properties in a laboratory setting.

Fig. 2. Method of connecting of mat segments

Rys. 2. Sposob laczenia elementéw maty

Fig. 3. Airfield mat in transport configuration

Rys. 3. Mata lotniskowa w konfiguracji transportowej

LABORATORY TESTING

Fatigue testing of composite specimens

The airfield mats have been subjected to a series of
material tests (tension test, fatigue testing, fire-resis-
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tance, anchoring strength tests etc.). In the present paper
the results of bending fatigue testing and anchoring test
results are presented.

Rectangular 250x25 mm specimens taken from
a manufactured mat were used for the fatigue tests in
two orthogonal directions - parallel and perpendicular
to the fibers [5]. Three-point bending test series were
performed, with a defined number of cycles for each of
the series, with constant displacement of the middle
portion of the specimen. The fatigue test frequency was
2 Hz, ambient temperature - 20 to 23°C and humidity
45-55%. In the tests, an initial deflection of 3 mm was
introduced.

The recorded load levels (vs. number of load-cycles
are presented in Figure 4 (parallel to fibers) and in
Figure 5 (perpendicular to fibers).
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Fig. 4. Bending force vs. number of cycles for different load levels,
lateral direction

Rys. 4. Sita zginajaca w funkcji liczby cykli dla réznych poziomow
obciazenia, kierunek wzdtuzny
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Fig. 5. Bending force vs. number of cycles for different load levels,
transverse direction
Rys. 5. Sita zginajaca w funkcji liczby cykli dla réznych poziomow
obciazenia, kierunek poprzeczny

TABLE 3. Fatigue test program
TABELA 3. Program testowy zmeczenia

Number of cycles
Deflection . .
Lateral direction Transverse direction
[mm]
Specimen 1 | Specimen 2 | Specimen 1 | Specimen 2
3 15000 7500 7500 7500
4 5000 5000 5000
5 7500 4000 4000 4000
6 3000 3000 3000
7 1000+1000 2000 2000 2000
8 1000 1000 1000
9 1000+1000 1000 1000 1000
10 1000 1000 1000

Table 3 shows the test program in detail. For each
case, the load level was different. For a high number of
cycles, a decrease in bending force could be seen that
was more rapid at greater deflection levels. Sometimes,
stepping in the load level could be seen, marking the
onset of cracking. In the initial stage of the tests, for
lower deflections, an increase in deflection caused an
increase in exciting (bending) load, but after the crack
was initiated, lower load increases were needed for
a similar deflection increase. This was equivalent to
a decrease in the material strength.

Fig. 6. Bending force vs. specimen deflection, conducted before
(continuous lines), and after (dashed lines) fatigue testing

Rys. 6. Sita zginajaca w funkcji ugigcia probki, przed (linia ciagta)
i po (linia przerywana) badaniach zmgczeniowych

Fig. 7. Relation between tensile extension of segment and load

Rys. 7. Zalezno$¢ migdzy rozciagnigciem segmentu i obciazeniem
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Mat to surface anchoring testing

Anchoring tests were performed to determine the
strength of the bolted joints and to confirm that proper
configuration of the bolting/anchors was chosen for the
mat system. Pure shear was introduced to the testing,
for which the strength of the joints and the nearby mat
regions was determined. Figure 8 shows the testing
method and Table 4 presents the displacement and load
levels. Graphical illustration of the bending test is
shown in Figure 6, the tension results can be seen in
Figure 7. Laboratory verification testing has shown the
joint strength to be adequate.

Fig. 8. Strength test of anchoring bolts
Rys. 8. Badanie wytrzymatosci kotwienia

TABLE 4. Measured displacements and loads
TABELA 4. Zmierzone odchylki i obcigzenia

Speci Force Displacement
pecimen number
[kN] [mm]
1 159.00 14.80
2 160.30 15.26
3 202.40 13.94
Mean: 173.90 14.67
FIELD TESTING

The field tests were carried out in three stages. In
stage I, verification of crater-type pavement damage
repair was carried out (i.e. quality of crater filling was
checked). In stage II, the static load bearing capacity of
the system consisting of the airfield mat along with the
newly formed subbase was tested. Stage III consisted of
dynamic tests of the mat-subbase system. The forces
and displacements were measured with the use of
a strain-gauge set, which enabled us to determine the
composite mat system deflections, reaction forces in
anchoring bolts, and of the forces acting between the
mat-system segments.

Subbase tests

Acceptance tests of a newly formed Ground subbase
[7] (essentially filling of large crater-type damage) have
been carried out using a light dynamic plate HMP
LFG-K, VSS equipment and a heavy impact deflecto-
meter (type HWD). The crater dimensions were as
follows: depth - 2.5 m, visible crater diameter - 6.4 m,
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and effective crater diameter - 11.8 m. The crater sche-
matics are shown in Figure 9.

Fig. 9. Structure of crater-type damage
Rys. 9. Struktura uszkodzenia typu krater

A light dynamic plate was used to test the unifor-
mity of the newly formed filling, and to determine the
dynamic modulus £,,. The measurements were taken at
9 test points (3 rows of 3 points). The results are shown
in Table 5. Based on the calibration tests of other
subbase materials, the relation between the static (VSS
equipment) and dynamic (LDP) tests can be shown to
be as follows:

E,=E, 195 (1)

TABLE 5. Light dynamic plate test results
TABELA 5. Rezultaty testow lekkich dynamicznych plyt

Measurement Dynamic modulus Static modulus
number E.,[MPa] Ey [MPa]
1 51.6 100.6
2 94.5 184.3
3 74.7 145.7
4 64.7 126.2
5 80.9 157.8
6 54.1 105.5
8 109.8 214.1
9 101.8 198.5
Mean value: 84.9 165.6

The static moduli values determined with this rela-
tion are listed in Table 5. A cross check of the load
bearing capacity of the subbase was performed with the
use of VSS. In this method, the displacement modulus
is calculated, which is a measurement of the subbase
bearing capacity. The modulus E is the ratio of the unit
load increase to the displacement increase of the tested
layer, for a specified range of unit load levels, multi-
plied by the loading plate diameter. Then numerical
values are obtained with the formula:

_3Mp
4. As

E -D 2)
where: Ap - unit load increase for given range,

As - displacement increase for specified load range
(0.15+0.25 MPa), loading plate diameter.
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The tests were carried out according to standards
BN-64/8931-02 and PN-S-02205:1998. The tests results
are given in Table 6.

TABLE 6. VSS test results
TABELA 6. Wyniki testow VSS

Pressure | Mean measured displacement As [mm] Mean
4p [MPa] | 1 sensor II sensor III sensor | 4s value [mm]
0.00 0.00 0.00 0.00
0.05 0.02 0.15 0.26
0.15 0.33 0.58 1.15 0.68
0.25 0.53 0.85 1.75 1.04
0.35 0.69 1.06 2.20
0.25 0.67 1.05 2.17
0.15 0,67 1.01 2.11
0.05 0.61 0.85 1.91
0.00 0.31 0.60 1.71
0.05 0.31 0.66 1.79
0.15 0.39 0.84 2.06 1.09
0.25 0.46 0.98 231 1.25

The VSS testing method is illustrated in Figure 10.
Relation (2) was used to determine the subbase (filling)
displacement moduli: primary and secondary. The
moduli values were measured to be as follows: E; =
= 62.5 MPa, E, = 140.0 MPa. The moduli values are
used to determine the subbase deflection coefficient /,:

OZQZMO.O:22 3)

E, 625

The measured deflection-based displacement moduli
values proved the density of the crater filling to be
adequate. The subbase bearing capacity tests performed
with the HWD deflectometer (Fig. 11) show good
correlation with the VSS and LDP results. The subbase
displacement modulus was calculated (3) to be
161.0 MPa.

E,(0)= W’ )

where: Ey(0) - area modulus under plate; a - loading
plate radius (150 mm); v - Poisson ratio; u - deflection
at measured point (0 - under plate); g - stress under
plate.

Fig. 10. Displacement modulus tests with use of VSS
Rys. 10. Badanie modutu ugigcia przy pomocy VSS

Fig. 11. Bearing capacity tests with use of HWD
Rys. 11. Badania nos$nosci przy pomocy HWD

Load carrying capacity tests

The mat-subbase system test has been carried out
with a HWD deflectometer, a device used to measure
the elastic deflections caused by a dynamic load [8, 9].
In the HWD method, a certain load is dropped on
a damped pressure plate that lies on the tested surface.
In the instant of the drop, transducers (geophones)
mounted on the beam and under the plate itself, mea-
sure the deflection and its change in time. The elastic
moduli of the individual layers of the subbase are com-
puted with the use of (3). Subsequently, an iterational
comparison of the theoretical and measured values is
performed in such a way that function F is minimized:

in(wj—uj)2 (5)
j=1

where: w; - calculated deflection at distance r from plate
center; u; - measured deflection at distance r from plate
center; k - number of transducers.

Based on the deflection test results of the ELP-1
KRATER composite mat installed on the newly formed
subbase filling, the relation between deflection w and
subbase stiffness k& has been obtained (Fig. 12). This
plot shows that the use of a composite mat causes
a decrease in deflection for the complete/whole mat-
subbase structure, and therefore leads to a bearing ca-
pacity increase. The extent of the deflection decrease
is linked to the bearing capacity of the subbase itself
(expressed by stiffness coefficient k). For £ <
70 MN/m’ (soil subbase with low bearing capacity), the
ELP-1 KRATER has significant participation in load
bearing and transfer; however, for & > 70 MN/m® (soil
subbase of medium and high bearing capacity) the
mat’s contribution is very limited.

Dynamic testing

The main operational parameter for a mobile com-
posite airfield mat is its load bearing capacity. There-
fore, detailed analysis of the mat’s working conditions
was performed, and its aim was to determine the mat’s
participation in the transfer of loads caused by landing
aircraft and maneuvering vehicles. The analysis results
can be employed to determine which types of aircraft
will be allowed to use the mat for landing, take off and
associated maneuvers. During the field tests, the mat-

Composites Theory and Practice 12: 4 (2012) All rights reserved
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subbase system has been subjected to a dynamic load.
The number of load variants was evaluated in which
a heavily-laden vehicle (a truck) traversed the mat at
different velocities and angles. The schematics of the
measurement system are presented in Figure 13.

Fig. 12. Mat deflection as function of subbase stiffness coefficient

Rys. 12. Ugigcie maty w funkcji sztywnosci podloza

Fig. 13. Measurement system schematics

Rys. 13. Schemat uktadu pomiarowego

Fig. 14. Strain gauge placement on anchoring bolts
Rys. 14. Umiejscowienie tensometrow w obszarze kotwienia

Figure 15 shows the strain gauge system installed on
ELP-1 KRATER. The truck made in total 27 passages
at different speeds and with different loads. In testing,
the strain gauges mounted to 5 bolts (Fig. 14) registered
the actual in-plane forces in the anchoring region, i.e.
two force components - parallel and perpendicular to
the passage direction. Furthermore, the readings from
strain gauges installed on the top surface of the compo-
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site mat were used to determine the actual displace-
ments in the tested systems. An example of the force
values recorded in one of the test sessions is
presented in Figure 16. The passage is illustrated in
Figure 17.

Fig. 15. Strain gauge placement on mat

Rys. 15. Umiejscowienie tensometrow na macie

Fig. 16. Measured bolt reaction forces

Rys. 16. Zmierzone sily reakcji w obszarze kotwienia

Fig. 17. Vehicle braking during tests

Rys. 17. Hamowanie pojazdu podczas badan
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NUMERICAL MODEL

The system consisting of the mobile airfield mat and
the soil subbase has been modeled using numerical
methods. Along with the analytical models [11], the
numerical models currently used mainly utilize specia-
lized tools and codes based on the Finite Element Me-
thod [12, 13]. In the present paper, universal, commer-
cially available FEM codes were employed for the
analysis. MSC PATRAN was used to create the FEM
mesh, and to present the results. The numerical compu-
tations were performed using the MSC.MARC solver.
The composite cover segments and the connection
joints were modeled with thin shell elements. A linear
elastic material was used, with the properties described
with the Elastic modulus (120 GPa) and Poisson’s ratio
(0.288). The heavy truck field test loading was verified
in the simulation, and the corresponding stresses and
reaction forces were obtained. The global FEM model
is shown in Figure 18.

v il
Fig. 18. Global finite element model of the airfield mat
Rys. 18. Globalny model numeryczny maty lotniskowe;j

For load bearing capacity (subbase stiffness) calibra-
tion, a local model of a 1 m x 1 m segment of the mat-
subbase system has been implemented. An equivalent
aircraft landing gear load has been applied to the mo-
deled airfield mat surface. The densely meshed local
model enabled the assessment of displacements in the
surface normal (vertical) direction - i.e. a simulation of
pressure plate tests (Fig. 19). In Figure 20, the calcu-
lated deflections and their comparison to the test results
are plotted as a function of the subbase stiffness. The
subbase was modeled as a set of discrete springs con-
nected to each of the mat nodes with a “sliding surface”
constraint to enable relative movement between the
mat and the subbase, with stiffnesses determined
through calibration. The local simulation results show
that the main loading mode that leads to the airfield mat
failure (esp. in the anchoring region) are due to in-plane
forces acting on the surface. Such loads result from
friction forces present under braking. In the dynamic
field tests, runs with a 46-ton truck were performed at

different velocities. In the numerical simulation, the
dynamic braking load variant was approximated with
the static tangential forces in the plane of the mat.
These applied forces symbolize the friction between the
composite mat and the vehicle tires.

Fig. 19. Local numerical model, deformed

Rys. 19. Lokalny model numeryczny, odksztatcony

Fig. 20. Stiffness calibration results
Rys. 20. Wyniki kalibracji sztywnosci

The finite element simulation results for one of the
braking variants are shown in Figure 21. A qualitative
summary of the simulation results is shown in Figure
22, on which the normalized value of the measured
reaction force obtained in the FEM analysis was
0.0578 N per each Newton of loading force, and the
Von Mises stress amounted to 27.6 Pa per each Newton
of loading force (in total, maximum stress computed
amounted to 12.7 MPa in region of anchoring for load
corresponding to full weight of truck).

Fig. 21. FE analysis of resultant stress field

Rys. 21. Pole napr¢zen uzyskane w symulacji

Composites Theory and Practice 12: 4 (2012) All rights reserved
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Fig. 22 Calculated reaction forces vs. experiment

Rys. 22. Poréwnanie wartosci sit reakeji z eksperymentem

CONCLUSIONS

In the present paper, the results of the field and ma-
terial tests, along with the results of a preliminary FEM
analysis of the ELP-1 KRATER airfield mat are pre-
sented. In this paper, the anchoring region was consi-
dered to be the most critical area of the mat.

The results of static and dynamic tests show that the
reaction forces in the anchoring bolts are considerably
low, and for the heavy truck, noticeable load levels
were recorded only for the most rapid and harsh braking
maneuvers of a heavily laden truck whose mass was in
the same order of magnitude as typical transport air-
craft. The conservative finite element analysis results
have confirmed these findings - it can be seen that the
dominant mode of loading that may cause damage of
the anchoring bolts results from frictional braking in-
plane loads. The normal pressure loads determined in
the numerical analysis act only in the immediate vicin-
ity of the tire mark, and might contribute to abrasive
wear of the mat - this factor was unaccounted for in the
present paper. The following conclusions regarding the
mat’s operational regime and mechanical properties can
be made:

1) The mat-subbase system which includes the mobile
airfield mat and the newly formed crater filling is

a sufficient supporting layer for loads induced by

heavy vehicle loading.

2) Due to low recorded reaction force levels and low
calculated stress levels, it can be concluded that the
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mobile composite airfield mat provides an adequate

load bearing capacity for the aircraft and vehicles

that utilize the mat

3) The foldable composite mat enables rapid pavement
repair capabilities in the least possible amount of
time, ensuring safe conditions for aircraft opera-
tions.

4) The low mass and ease of installation enable the
composite mat to be used for a wide range of mili-
tary and non-military tasks.

It should be noted that the high operational parame-
ters of the Poland-manufactured airfield mat are compa-
rable to the solutions utilized and manufactured world-
wide.
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