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Strip Control of Rolling Movements
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The DR.P.J.WAGNER Ltd. is a traffic areas surveyoagnpany for the construction
and environmental sectors reviewing and supporfingjects in the construction
branch.

For Airports the company’s scope covers:

The investigation and assessment of polluted amadscompilation of expertises
for decontamination.

Surveying of hidden objects in the subsaoil.

Analysis and evaluation of a construction site udahg statements on ground
structure and propositions for specific foundatiohstatic buildings.

Technical assessment of heavy load carrying pedasaand selected traffic spots.

The investigation and assessment of the unpaved igis with the SCoRM test
method according to ICAO Annex 14.

International rules and standards as ICAO International Civil Aviation
Organization define structural requirements forrapenal surfaces to ensure that in
case of accidental abnormal events only minimunm@mdamages to personnel and
equipment may occur.

ICAO Annex 14 in 3.2.5 defines recommendations doceptable consequences in
case of aircraft running off paved surfaces of ragsvand taxiways and roll over
hardened shoulders to non-hardened surfaces s.strip

(Strength of runway strips /3.4.16 Recommendation.— That portion of a
strip....should be so prepared or constructed as wimize hazards arising from
differences in load bearing capacity to aeroplandsch the runway is intended to
serve in the event of an aeroplane running off minleway. Note.— Guidance on
preparation of runway strips is given in the Aerogie Design ManualPart 1. 5.3.22

.., it should be graded in such a manner as to gmethe collapse of the nose
landing gear of the aircraft. The surface shoulddsepared in such a manner as to
provide drag to an aircraft and below the surfadeshould have sufficient bearing
strength to avoid damage to the aircratft.....

Runway strips have to be kept in such
condition that an aircraft rolling over them wi
not suffer major structural damage, regardlg
of season or weather condition ar
independent from aircraft type.

The causative risk of damage for roll
aircrafts on unpaved surfaces is t
uncontrolled wheel - sinking. Due to the ab
deceleration leads to damage to landing
fuselage, wings and / or engine, fig. 1.
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In an emergency situation on or beside runways \m#éindened surfaces, rescue
vehicles like fire brigades can be forced to ugeuhhardened parts of the airfield.

Strength of runway end safety areas3/4.11 Recommendation.—A runway end
safety area should be so prepared or constructei asduce the risk of damage to an
aeroplane undershooting or overrunning the runwayhance aeroplane deceleration
and facilitate the movement of rescue and firetiighvenhicles as required in 9.2.26 to
9.2.28.). — etc.ICAO Annex 14)

These surfaces have to be kept in such a condtianthey can be passed over by
rescue vehicles at all time regardless of seasdnaather conditions.

Main factor for the mobility of rescue vehicles mon-hardened surfaces is the
strength of the ground, without sufficient strengfle mobility is limited or totally
impossible.

Technical bases
The use of unhardened surfaces with "wheels" bisica determined by the two
factorsrolling resistanceandtangential force

Rolling resistance of a wheel mainly is a combmaf two contributing factors
The sinking of the wheel into the ground (deformatof the surface)
The deformation of the wheel itself

On soft ground the wheel will
sink deeper than on hard
surfaces and as a conse-
guence the rolling resistance

will increase exponentially,
flg 2 View on the wheel / soil systern

ground level

Fig. 3 ~Ralling Resistanoe{

Snking o soft ground

Sinking on stable ground

ground level

The tangential force of a wheel ultimately représehe tractive force and so the
ability to transmit the engine power to the sod the contact patch.

This ability is determined by the grip between grdwsurface and tyre (described by
the coefficient of friction). If the friction is i@ the wheels can slip reducing the
tangential force. At 100% slip the wheels will tumithout transmitting any tangential
force to the ground. As a consequence the vehitl@@t move.

On an aircraft the wheels are not powered and waty low tangential forces act on
them, the necessary force to move the aircraftdodvis delivered by the engine thrust
(or propeller thrust in case of a propeller dria@mraft).
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This thrust generates a forward movement with ardeavd — and so into the soil-

acting force, which increases further the rolliregsistance of the already subsided
wheel. The resulting rolling resistance has to bgsogbed by the landing gear. It is
comprehensible, that the landing gear structureé bel stressed disproportionately
from increasingly sinking wheels and effective 8trurhe manufacturer defines the
allowable rolling friction for every aircraft type.

To fulfill the requirement™........ the aeroplane without inducing structural
damage.......... it is necessary to stabilize runway shoulders tsat & controlled
sinking allows the resulting rolling resistance stow down the aircraft and so
avoiding considerable damages to persons and faircra

On emergency vehicles (fire brigade) the tangerfbate of the powered wheels
counterbalances the rolling resistance. The mamabiligy of the emergency vehicles
can be assured by strengthening the subsoil to auldgree that the rolling resistance
caused by the sinking wheel is below the tangeftia@e transmitted via the wheel’s
contact patch.

The risk of damage to aircraft on non-hardenedases is influenced bgbstacles
too.

When rolling on unhardened surfaces it is inevdabhat wheel
sink into the ground. Underground obstacles liks pr buried e
foundations, foundations for roads (fi
4 left), lanes near surface (fig 5 righ

M runways and taxiways (crossings) ¢
| provoke a sudden blockage of aircE =
“Imovement and, besides the abd s =
“|mentioned  sinking and o
resistance, form a further risk
persons and aircraft.

Also surface obstacles like buildings
parts of buildings or technical measurfs
equipment (fig. 6 left) can damage the airc
too by direct contact with airpla
components e.g., damages to aircraft strug
— or indirectly e.g., by breaking off a
hitting aircraft parts (Foreign Object Damg
FOD).
So a further component of the hazard ana
is the mapping of all obstacles in the st
inside the graded portion.

Most of the described obstacles are already knomah s it is only necessary to
complete the existing maps or databases.
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The SCoRM test, technical method to determine thergp — stability

The technical mobility-evaluation of airplane ardgue vehicle is based on the wheel
geometry and the loads acting on the wheel, in @oation with the local (varying)
mechanical qualities of the soil.

To analyse the overrun characteristics of the subking a continuous profile beside

the runway or taxiway we use the SCoRM t88ip Control of Rolling Movements.
The SCoRM test is divided into two phases.

Phase 1: Modified CBR test — preliminary invesiigpt

In the preliminary investigation we use a modif@BR test MCBR Modified gg
California Bearing Ratip to determine the stability of the strips in adgr L ‘_
pattern, fig. 7.

The examined stripes remain unchanged, visiblerdeftoons do not occur.

In this test the deformation energy of the grounitl e measured at a define
load caseor a rolling wheel. Calibrated with results from extensive rolloV§
procedures with high loaded nose gears statemdidst ghe strip quality
according to the ICAO requirements will be compiled

For areas with ICAO confirming qualities (positive MCBR
measurements) no more measures are required.

For areas with lack of stabilities (negativiCBR measurements) the second phase of
investigation (phase 2) must be carried out. Is fitiase we use a special technology
to measure the soil deformation energy under a rellihg nose gear with high load.
Based on the results we propose the necessaryidathreasures to improve the strip
stability.

Phase 2: HWL — TesieavyWheell oad

With the HWL - test of phase 2 we measure the pmperties with respect to the
representative capacity under the rolling airondfeel.

Heart of this method is an aircraft wheel whichlywé pushed over the strips under the
real weight of a rolling aircraft. In the test tharameters of the wheel - sinking and
the rolling resistance will be recorded
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Fig. 8, HWL Test -HeavyWheelL oad.

During the measurement, the wheel is sinking inrdmege of the investigated area
more than 15cm. Figure 9 shows the well visible @teace in the unpaved field.

Schematic presentation of tMECBR— grid pattern and the HWL profile, fig. 10.
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Aeodrome Desing Manual Part 1 Runways, Figure 5-3
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The following photos show example of soil stabilitythe strips after the HWL test.

On the left side - fig. 11 — the strip shows a Bigant lack of stability (negative
MCBRtest). In case of a runway excursion structurahage at the aircraft must be

expected.

In opposite of this in fig. 12 a strip with sufiit soil stability was tested, the wheel
sinking was low, structural damage at the airceaft not expected (positivdCBR

test).

Fig. 11

Fié. 12

Figure 13 shows an exemplary profile of a HWL tessult. The red line
at 15 cm wheel sinking marks the depth to accortbripe ICAO Annex no damage is

expected on the aircratft.
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Based on the results of the SCoRM test the risdlamhages to aircrafts in case of a
runway excursion can be illustrated in a map, esiah in a traffic light system TLS.
The following figure 14 shows one possible resiithe TLS.

300m ——» 300 m ———>

150 m —> < 150m—»
——i——- — = — — Runway - — —}— — N S —L-—
75m i 75m

Aeodrome Desing Manual Part 1 Runways, Figure fg314.

The SCoRM test is also used in the assessmentpzfved surfaces such as airport
runways, taxiways and aprons to assess the all athee suitability of these areas.
Figure 15 shows an example of results of thesesearhvestigations.

TLS legend:

The requirements of the soil strength are fulfilfed all-season, no measures
of technical improvements are necessary.

The requirements of the soil strength are not lfetfiin case of high water
content. In seasons with heavy rain the sinking tedrolling resistance are
too high, collapses of aircraft wheels must be etgee Adapt measures of
technical soil stabilization are necessary.

The requirements of the soil strength are notlfetfi (nearly) for all seasons.
In case of arunway excursion structural damagesust be expected. For
rescue vehicles sufficient mobility doesn’t exi§taxiing on runways,
taxiways and aprons will result in structural daeag the aircraft. The strips
have to be stabilized.
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After carrying out the necessary measures of stripirport — stabilization the result
have to be controlled again.

If the requirements are met, the strips can beéfiegitas ICAO compliant.

Damages after a runway excursion

In ICAO Annex 14 the necessary stability of thepstris defined. On strips with an
examined ICAO confirming stability runway excurssomlon’'t provoke structural
damage.

After accidents with damage to the aircraft afteamway excursion expertises will be
compiled to research possible causes by lack df ftability and / or existing
obstacles. For these investigations the descrixdthtques and processes are used.

If deficits of the strip stability are noted, thea(ising) reasons for the damage must be
guoted (up to 100%).

In the event of criminal proceedings, the compilesults are also used to determine
the responsible.

Dr. P.J.
CEO
publicly certified expert of sail
examination and the investigation of
contaminated sites
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