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Introduction

This manual presents the Alizé-Aéronautique module, which is part of version 1.5 of the Alizé-LCPC
software.

The module Alizé-Aéronautique implements the design method for flexible (i.e. bituminous) airfield
pavements, described in the guide: "Rational Design Method for Flexible Airfield Pavements" (STAC,
2014). Familiarity with this guide is therefore necessary in order to use the software. In particular, the
user should refer to the STAC guide for the choice of the various calculation parameters (material
characteristics, design life, calculation risk, calibration coefficients, etc.).

The Alizé-Aéronautique module is derived from the road design software, Alizé Routes, and uses the
same basic principles:
- Same calculation method based on an axisymmetric multilayer elastic linear model
- Same description of the basic tyre loads by circular imprints, to which a uniform load pressure
applies.
- Same description of the structures, by the choice of elastic moduli E, Poisson's ratios v layer
thicknesses.
- Interfaces between layers assumed to be fully-bonded.
- Same design criteria - since the software is limited to bituminous pavements, the only design
criteria taken into account are:

o The maximal horizontal tensile strain at the bottom of the bituminous layers ¢t (fatigue
criterion)

o The maximal vertical compressive strain at the top of the subgrade ez (rutting
criterion)

The use of Alizé-Aéronautique V1.5 does not require familiarity with Alizé Routes V1.5. However, the
two software systems are quite similar.

The main differences between Alizé-Aéronautique and Alizé Routes relate to the following points:

1. Types of pavement structures:

Only asphalt pavements are taken into account. For ease of reference, an initial structure template
(called Flexible Model Mf1) is provided to the user, and can then be modified. Since the structure type
is unique, some parameters related to the structure (Ks, Sh coefficients) are predefined and must no
longer be entered by the user.

2. Characteristics of materials:

The material libraries proposed are the standard libraries from the NFP 98-086 road design standard.
However, for airfield pavements, only certain types of materials can be used. For further information,
the user should refer to the design method (STAC, 2014) and the “"Guide application des norms” (STAC,
2009, in French).

3. Description of loads and traffic

In the airfield module, the calculation does not take place with an equivalent load, but with the load
characteristics corresponding to each aircraft circulating on the considered pavement; each aircraft is
described by the loads of all the wheels of its landing gear (silhouette of the aircraft).

A database (STAC FICAV database) is made available to the user, which contains the geometry of most
of the current aircraft received by French airports. If necessary, other databases can be used.

The traffic is then described by specifying the number of passes for each aircraft, the equivalent
temperature and the speed associated with these passages, as well as a wander parameter which
characterises the lateral dispersion of the passage positions of each aircraft.
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4. Damage calculation

The design is based on a cumulative damage concept. Although the traffic consists of different aircraft,
the positions through which the landing gear of these aircraft passes are all different. For this reason,
the design cannot be performed for a single maximal strain value, calculated at a single point. It is
necessary to take into account the positions of the different aircraft (and of the lateral wander), and to
calculate the damage level curves, which represent the variation in the value of the fatigue damage D
according to y (i.e. perpendicularly to the pass of the loads). These damage level curves are first
computed separately for each aircraft and then cumulatively for the whole traffic. The design of the
structure is considered as optimised when the cumulative damage curve reaches a value equal to 1 for
at least one transverse position value y.

5. Iterative calculation

An iterative calculation method is also proposed. This can be used to automatically search for the
thicknesses of pavement layers leading to an optimised design (damage equal to 1 in at least one
point).

Page 8
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Launching Alizé-Aéronautique

1.1. Home page
Alizé-Aéronautique is launched by selecting "Airfield pavement Module" in the Alizé-LCPC V1.5 launch
window (Figure 1).
A window with a warning message opens. Click on “Close".
The Alizé-Aéronautique window is then displayed.

Alize-Lepc % Alize-Lepe - Al pavement module, Inputdeta
.
Alize-Lcpc V1.5.1
Software for the analysis and the thickness design of pavement structures
- AhzeLcpe - Arheld pavement modute, Proparty rght
Installed modules : Stac
. LI | e o Aot pavmnt o oo Al ¢ sware s

" Road basic module STAC the joint property in equal shares. of fstiar and the Stac. e

€ Frostthawmodule LT

 Special load module o

¢ Back-calculation module ]

ent modulg Quit Alize
Version V1.5.1 0 .
Copyright ® Lepc 1998-20 ';":e"‘j‘:e:'a'”’ B
All rights resenved iandan e
IFSTEAR www.alize-lcpc.com é_.-)lf@ ch
Exclusive distributor [ aurasze

Alize-Lcpc - Airfield pavement module, Input data
File Pavernentsrucrare  Aicrafttraffic  Othertraffic dats  Materisllbrary  Alize computation  Customize Alize

Figure 1: Alizé-Aeronautique launch window
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Launching Alizé-Aéronautique

1.2. Alizé-Aéronautique main menu bar

The main menu bar of Alizé-Aéronautique enables accessing to several features.
The "File" drop-down menu is detailed in the Figure 2 below.

Alize-Lepc - Airfield pavernent module, Input data — X

File Pavement structure  Aircrafttraffic  Other traffic data ~ Matenial library  Alize computation  Customize Alize  Other Module 7

Structure data ¥ \ Ternolate flexible MF1
emplate flexible ﬁ ; :
Aircraft traffic data » ¢ . . . Load]ng flexible
Transpose : static loading computation model Mf1
Data bases » ‘ Open Structure file \
- Save as :
Exit Checking my

structure under
static loading

Opening a structure
file

Saving a structure
file

New 5 Creating an aircraft traffic file

Open
Save as \ Opening an aircraft traffic file

Saving an aircraft traffic file

‘L To load an aircraft database

el et datalb =) other than the STAC database
(by default in Alizé
Aéronautique)

Figure 2. Main menu bar

The other features of the main drop-down menu are detailed on the Figure 3.
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Launching Alizé-Aéronautique

Alize-Lepce - Airfield pavement module, Input data - s

File Pavementstructure Aircrafttraffic  Other traffic data  Material library  Alize computation  Customize Alize  Other Module 7

v

To change certain default
values

To start the calculations

Materials Library

v

Other traffic data: aircraft weight, number of passages,
speed, wander, equivalent temperature, etc.

v

On-screen display of project aircraft. Definition and
modification of this traffic (choice of aircraft)

\4

On-screen display of structure data. To modify certain
parameters

Figure 3. Main menu bar (cont'd)

Each feature will be explained in detail in the rest of this manual.
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2. Pavement structure

2.1. Loading the flexible structure model

Once the Alizé-Aéronautique module has been launched, the displayed window is empty, no structure
is loaded yet and no air traffic is defined.

A flexible structure model is predefined.
As explained on the Figure 4, in the main menu, this model can be loaded by clicking on File, then
Structure Data, then Flexible model Mf1. The model consists of the following initial structure:

e 6 cm of BBME

e 18 cm of GB3

e 50 cm of category 1 UGA divided into two layers (UGA is named “gnt” in Alizé-Aéronautique)

¢ Infinitely thick subgrade

The two design criteria (horizontal strain at the bottom of the bituminous layer and vertical strain at
the top of the subgrade) are displayed along with the various parameters.

These criteria are detailed in chapter 2.5 of the design method (STAC, 2014).

The various design parameters are detailed in chapter 2.7 of the design method (STAC, 2014). The
values of these different parameters are imposed by this method and cannot therefore be modified in
Alizé-Aéronautique.

Alize-Lepe - Airfield pavemnent module, Input data -

File Pavement structure  Aircraft traffic ~ Other traffic data ~ Material library ~ Alize computation  Custemize Alize  Other Module 7

Structure data ¥ Template flexible Mf1
Aircraft traffic data ¥ Transpose : static loading computation
Data bases > Open Structure file
Save as
Exit
[
Alize-Lepe - Airfield pavement module, Input data — *

File Pavementstructure  Aircraft traffic ~ Othertraffic data ~ Material library  Alize computation  Customize Alize  Other Module 7

~ Display the pavement structure
Titre : AC flexible pavement - Mf1 template

“;::'I‘ Tr:::;; Nu M“;‘:ia' esion '?;:I" E;i}fo‘:’A b SH SN Kr  1Ks 1Kd Kc
006 | «| [ fTF) [0350] eb-bbme3
: :: 018 | 4| »| FfIT,F) |0350| ebgb3 EpsilonT-inf <|.|| 5.0| 90 | 5 |u.025| 0.3 |u.?u| 1.0 | |=(RseR]|
0.25 | «| »| 6000 |0.350 gntt
bonded 0.25 2400 | 0.350 gntt
bonded infinite 80.0 | 0.350 pf2gqs EpsilonZ-sup | 16000 |-u.222|
Hgnt= 0.500 m Gnt1/Gnt1
K Details Modify the structure

Figure 4. Loading a flexible structure
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2. Pavement structure

2.2. Modifying the flexible structure model to fit the project data

The modifications that can be made to the flexible structure model in order to adapt the project data
are:

e The types of materials

e The materials elastic moduli and Poisson’s ratios
e The layer thicknesses

e The risk coefficient

The various changes that can be made are detailed below.

2.2.1. Changing thicknesses

As explained in the Figure 5, the thicknesses of the surface and base courses can be changed using the
“thickness" sliders.

The UGA thicknesses can be changed using the "thickness" slider of the upper UGA layer.

Some adjustments are automatically made, such as:
e dividing the total thickness of UGA into sub-layers with a maximum thickness of 0.25 m
e the values of the moduli of the different sub-layers, in relation with the category of UGA
(UGA1 or UGA2 or UGA1/UGA2) and the modulus of the underlying layer
e the coefficient Ks of the base course: Ks=f(Esubjacent)
e the Sh coefficient (standard deviation on the thickness H) and hence the value of the risk
coefficient Kr=f(Sh) for the base course.

Layer thickness modification with the appropriate slider

\

Alize-Lofc - Airfield pavement module, Input data — >
File Pavemen\structure Aircrafttraffic ~ Othertraffic data  Material library ~ Alize computation  Customize Alize  Other Module 7

~ Display the pavelpent structure

Titre : AC flexiblg pavement - Mf1 template

Young Material Design Risk Sigh or Alb SH SN Kr 1Ks  1/Kd Ke

(MPa) type criterion (%) Epsif or A
0.06 \| 4 | [ f(TF) [0.360| eb-bbme3
Z:::: 0.18 v| f(T,F) |0.350| ebgb3 EpsilonT-int | 4 | »[50] 90 | 5 [o0z5] 03 [oras] 10 | [f(RseR) |
025 | 4| »| 600.0 |0.350 agnt1
Cosded 0.25 2300 | 0350 anti
LETEiE infinite 80.0 0.350 pf2gs EpsilonZ-sup | 16000 | -0.222 |
Hgnt= 0.500 m Gnt1/Gnt1

K Details Modify the structure

Figure 5 : Changing thicknesses
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2. Pavement structure

2.2.2. Modification of the types and classes of materials

All of the materials can be modified. As indicated on the Figure 6, this is done by double-clicking on
the box "type of material" and selecting the wanted material.

For bituminous materials, a window with the library of standard materials as per standard NF P 98-086
is displayed. The choice of material is made by selecting the line corresponding to the required
material and then clicking on the box "OK". The various mechanical parameters related to the selected
material will then be automatically modified.

The bituminous materials that can be used for airfield pavement and their characteristics are detailed
in paragraphs 5 and 6 of the design method (STAC, 2014).

For granular materials, a window with the different category of UGA used for the subbase layer is
displayed. The choice of the category of UGA according to the class of traffic is specified in section
6.7.5 of the design method (STAC, 2014).

The category of UGA can be selected and validated by clicking on the "OK" box. The UGA moduli are
then automatically adjusted according to the UGA category as well as the modulus of the underlying
layers and the coefficient Ks of the base course.

For the platform, a window with the library of standard materials for the UGA and subgrade according
to standard NF P 98-086 is displayed. Click on the line corresponding to the required material and then
click on the "OK" box. The different mechanical parameters of this course, as well as the modulus of
the upper UGA layers, will then be automatically modified accordingly.

In this window, two categories of UGA are proposed: UGA-inv and UGA-be. If the user clicks on one of
these two lines, an error message is displayed indicating that it is impossible to choose these materials.
Only the different types of platforms can be selected.

Alize-Lepe - Mechanical computation, material library - g
File Materialtype Add-Remove
Standard material library : according to NF P38-086 (normative annex F)
X L Variations E(10Hz) = f(temperature;
Alize-Lepe - Airfield pavement module, Input data status name E(MPA)| Mu | Epsis (10°C)| b SN shim)| Ke T-10 [ Torc [T10°c] T20°C] T30°C] T40°C
. R b e e o system|  eb-bbat 5500 | 035 130 5 0.25 |stdard | 1.4 | 14800 | 12000 | 7315 | 3685 | 1300 | 1000
File Pavementstructure Aircrafttraffic  Othertraffic data  Material library system|  ebbbaz 5500 | 035 100 5 025 |sidard| 14 | 14300 | 12000 | 7315 | 3885 | 1300 | 1000
system | eb-bba3 7000 | 035 100 5 0.25_|stdard | 1.4 | 16000 | 13500 | 9310 | 4690 | 1800 | 1000
r system| eb-bbsgl 5500 | 035 100 5 0.25 |stdard | 1.4 | 14800 | 12000 | 7315 | 3685 | 1300 | 1000
Tire:  AC flexible pavement - Mf1 template system| _eb-bbsg2 7000 | 035 100 5 0.25 |stdard | 1.4 | 16000 | 13500 | 9310 | 4690 | 1800 | 1000
: system| _eb-bbsg3 7000 | 035 100 5 0.25_|stdard | 1.4 | 16000 | 13500 | 9310 | 4690 | 1800 | 1000
thick. Young Material Design [ system| eb-bbmed 9000 | 0.35 100 5 0.25 |stdard | 1.4 | 17300 | 15400 | 11570 | 6030 | 3000 | 1900
(m) (MPa) 1 type criterion system| _eb-bbme2 11000 | 035 100 5 0.25 |stdard | 1.4 | 19500 | 18200 | 14630 | 7370 | 3800 | 2300
006 | «[ »[ FTF [0350] eb-bbme3 system | _eb-bbme3 1000 | 035 100 5 0.25_ | stdard | 1.4 | 19500 | 18200 | 14630 | 7370 | 3800 | 2300
system bbm 5500 | 035 i i 1 |stdard| 1.4 [ 14800 | 12000 | 7315 | 3685 | 1300 | 1000
018 | 4| »| fTF |0.350 eb-gbh3 ¢ EpsilonT-ini | 4| system bbtm 3000 | 035 i i I |stdard| 14 | 8500 | 7000 | 4200 | 1800 | 1000 | 800
bonded system bbdr 3000 | 038 i i 1 |stdard | 1.4 | 8500 | 7000 | 4200 | 1800 | 1000 | 800
o 0.25 | 4| »| 6000 0350 ant1 system acr 5500 | 035 i i 1 |stdard| 1.4 [ 14800 | 12000 | 7315 | 3685 | 1300 | 1000
0.25 240.0 | 0.350 ant1 system eb-gb2 9000 | 035 80 5 03 |stdard| 1.3 | 22800 | 18300 | 11880 | 6120 | 2700 | 1000
bonded system eb-gb3 9000 | 0.35 %0 5 03 | stdard | 1.3 | 22800 | 18300 | 11880 | 6120 | 2700 | 1000
infinite 80.0 0.350 2 pfigs EpsilonZ-sup system eb-gbd 11000 | 035 100 5 03 |stdard| 1.3 | 25000 | 20000 | 14300 | 7700 | 3500 | 1200
. system| _eb-emet 14000 | 035 100 5 03 |stdard| 1 30000 | 24000 | 16940 | 11060 | 6000 | 3000
Hgnt= 0.500 m — Uga type \0r subbase ? — system| ebeme? 14000 | 035 130 3 025 |stdard| 1 30000 | 24000 | 16940 | 11060 | 6000 | 3000
{* gnti/gnt1
C gnttignt2 Tea o|[TE] Fee «[o[0Rz] _camcel | ok |
K Details Modify the structure
" gnt2/gnt2 iy,
’ Cancel oK
Alize-Lepe - Mechanical computation, material library - X
File Material type Add-Remove
Standard material library : according to NF P98-086 (normative annex F)
status name E (MPA) Nu Low traffic High traffic slope b
system pft 20 0.35 16000 12000 -0.222
system pf2 50 0.35 16000 12000 -0.222
system pf2qs 80 0.35 16000 12000 -0.222
system pf3 120 0.35 16000 12000 -0.222
system pf4 200 0.35 16000 12000 -0.222
system substratum 1000 0.250 16000 12000 -0.22
system pf2-var 50 0.350 16000 12000 -0.222
user test 50 0.350 16000 12000 0.222
OK

Figure 6. Choice of materials
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2. Pavement structure

2.2.3. Utilisation of non-library material

It is possible to use a non-library material by added it manually. As explained on the Figure 7, proceed

as follows:

e In the main menu bar, go to "Materials Library"
e In the "Materials Library" menu bar, choose "Add-Remove", then "Add Material"
e A window is displayed indicating that a new material with the "user" status has been added at

the end of the list and its characteristics must be chosen.

Alize-Lepe - Airfield pavemnent module, Input data - X
File Pavement structure  Aircraft traffic ~ Other traffic data Alize computation  Customize Alize  Other Module 7
Alize-Lepe - Mechanical computation, material library Alize-Lepe - Mechanical computation, material library x
File Material type = Add-Remove
standrd matorit i_Add one mater ) Aol i Vs s o o i et ol
Remove the selected material to validate this modification of the material library, or to invalidate,
— 1 before quitting the "Material library"' window,
status name E (MPA) Nu Epsi6 (10°C)| -1ib SN
system|  eb-bbat 5500 | 0.5 130 5 0.25
system eb-bba2 5500 0.35 100 5 0.25
Variations E(10Hz) = flt{mperature}
status name E (MPA) Nu Epsif (10°C)| -1/b SN Sh (m) Kc T10 [ TO®C | T10°C TZ’°C T3®C| T40°C
system eb-bba1 5500 0.35 130 5 0.25 stdard 1.1 14800 | 12000 | 7315 3’55 1300 1000
system eb-bba2 5500 0.35 100 5 0.25 stdard 1.1 14800 | 12000 | 73156 ﬁ-}BE 1300 1000
system eb-bbal 7000 0.35 100 5 0.25 stdard 1.1 16000 | 13500 | 9310 I!&S‘D 1800 1000
system eb-bbsg1 5500 0.35 100 5 0.25 stdard 1.1 14800 | 12000 | 7315 3685 1300 1000
system eb-bbsg2 7000 0.35 100 5 0.25 stdard 1.1 16000 | 13500 | 9310 ‘ 4690 1800 1000
system eb-bbsgl 7000 0.35 100 5 0.25 stdard 1.1 16000 | 13500 9310/ 4690 1800 1000
system eb-bbme1 9000 0.35 100 5 0.25 stdard 1.1 17300 | 15400 ‘119?[ 6030 3000 1900
system eb-bbme2 11000 0.35 100 5 0.25 stdard 1.1 19500 | 18200 14-5#) 7370 3800 2300
system eb-bbmed 11000 0.35 100 5 0.25 stdard 1.1 19500 | 18200 14#54} 7370 3800 2300
system bbm 5500 0.35 ! I I stdard 1.1 14800 | 12000 Tl15 J6B5 1300 1000
system bbtm 3000 0.35 ! I I stdard 1.1 8500 7000 IZO-D 1800 1000 800
system bbdr 3000 0.35 ! I I stdard 1.1 8500 7000 I-’lZO'D- 1800 1000 800
system acr 5500 0.35 ) I I stdard 1.1 14800 | 12000 | 7315 3685 1300 1000
system eb-gh2 9000 0.35 80 5 0.3 stdard 1.3 22800 | 18300 /| 11880 | 6120 2700 1000
system eb-gh3 9000 0.35 90 5 0.3 stdard 1.3 22800 ‘1E-3W 1880 | 6120 2700 1000
system eb-gb4 11000 0.35 100 5 0.3 stdard 1.3 25000 21}0{‘ 14300 | 7700 3500 1200
system eb-eme1 14000 0.35 100 5 0.3 stdard 1 30000 Zx 16840 | 11060 | 6000 3000
system eb-eme2 14000 0.35 130 5 0.25 stdard 1 30000 | 2 16940 | 11060 [ 6000 3000
I user stdard
Teq= +[+|[15°C | Fr= 4[| 10Hz Extt

Figure 7. Adding a new material to the library

It is now necessary to manually define these new material parameters and save it in the library.
In the example of the Figure 8, a new material is defined. It is called "eb-new" and its parameters are

chosen arbitrarily.

When entering the modules of the materials (not in the 2nd column, which cannot be edited, but in
columns 9 to 14), a window is displayed indicating that it is necessary to enter at least two values and a
maximum of 6 values corresponding to a frequency of 10 Hz and at different temperatures among
those proposed. The modulus at 15°C and 10 Hz is automatically calculated from the entered values

and displayed in the 2nd column.
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2. Pavement structure

system eb-gh2 9000 0.35 80 5 0.3 stdard 1.3 22800 | 18300 | 11880 | 6120 2700 1000
system eb-gh3d 9000 0.35 90 5 =03 stdard 1.3 22800 | 18300 | M880 | 6120 2700 1000
system eb-gb4 11000 0.35 100 5 0. stdard 1.3 25000 | 20000 | 14300 | 7700 3500 1200
system eb-eme1 14000 0.35 100 5 0.3 M 1 30000 | 24000 | 16940 | 11060 | 6000 3000
system eb-eme2 14000 0.35 130 5 0.25 stdard‘“ 30000 | 24000 | 16940 | 11060 | 6000 3000
user eb-new 17500 0.35 135 5 0.25 stdard ﬁ 35000 | 30000 [ 20000 | 15000 | 10000 | 5000
Teg= «fr|[15°C | Fr= +|»[10Hz Exit
Alize-Lepe - Mechanical computation, material library hed
Caution :
l . Thelibrary has been modified, of. library
Bituminous materials
Do you want to save this modification, or not 7
Oui Non Annuler
Alize-Lepe - Airfield pavemnent module, Input data - X

File Pavement structure  Aircraft traffic ~ Other traffic data ~ Material library  Alize computation  Customize Alize  Other Module 7

- Display the pavement structure

Titre: AC flexible pavement - Mf1 template

“;:ﬁ'l‘ ;’;;:;9 . Mf;::‘" esian Tﬁ':}" Ep‘i}fo"r'A b SH SN Kr  1Ks 1Kd  Kc
006 | «| »[ fT.F) |0.350] eb-bbme3
::::: 048 | (|| TR [035d[ ebnew |[Epsitontini | 4 | +[50] 1350 | so [oezs] 025 [oass| 10 | [(RseR) |
025 | 4| »| 600.0 |0.350 gntl
bonded 025 240.0 | 0.350 gnti
bonded — e 800 |0.350| pfgs EpsilonZ-sup [ 16000 [-0222]
Hgnt= 0.500 m Gnt1/Gnt1

K Details | [

Figure 8. Choice of new material

Once all the parameters have been filled in, click on "Close". A window is displayed asking if the
modifications have to be saved. Clicking on "Yes", another window is displayed indicating that the
update library has been saved.

By default, the library is saved under:

D:/ "User name" / Documents / Alize-Lcpc my-files / Libraries

The file name is "matuser.lib".

Once the new material has been saved, as shown on the Figure 8, it is possible to choose it in the
structure. As stated in paragraph 0, double-click on the "Material type" box, the window with the
materials of the library opens and it is then possible to choose the material that has been created.

It is important to note that when an added material is used in a structure as a base course, during the
design calculations, a window is displayed asking the Kc parameter to be defined. The user is
prompted to choose from a law of evolution of the same type as that a GB or an EME2. The user must
then specify "gb" or "eme2" in the window before launching the calculations.

To delete this material from the library:
¢ In the main menu bar, go to "Materials Library"
e Select the material to be deleted
e Choose "Add-Remove", then "Delete selected material”
e A window is displayed stating that the new material has been deleted
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2. Pavement structure

2.2.4. Modification of Poisson's ratios for the materials

It is possible to modify the Poisson's ratios for all materials. To do so, double-click to the relevant box.

For the Poisson's ratio, a window is displayed. It is possible to choose the value of this ratio. If the user
enters a value other than the default value (0.35), a warning message is displayed. This message
indicates that the chosen value does not comply with the rational design method for flexible airfield

pavements.

The Figure 9 shows this possibility:

Alize-Lcpe - Airfield pavement modulg, Input data

If Nu is modified

FL L& with the recommendations of

— X
File Pawvement structure  Aircraft traffic  Other traffic data ~ Material library  Alize computation  Customize Alize  Other Module 7
Titre: : AC flexible pavement - M1 template
thick. Young Material Design Risk Sigh or b SH SN K 1K 11Kd K
(m) MPa) MU e criterion %) Epsi6 or A d s ©
006 | 4| [ fT.F) [0.350] eb-bbme3
bonded = - - .
048 | 4| »| f(TF) |035| ebgbl EpsilonT-inf | 4 | ;|| 5.0 | 90.0 | 5.0 |u.uzs| 0.30 |u.?44| 1.0 | |'tRseR_| |
bonded
nee 025 | 4| »| 6000 Jo3so| gntt
bonded 025 2400/ (0350  gntt
bonded
nde infinite 80y [03s0| pi2as EpsilonZ-sup 16000 |-0.222]
— Poisson coeff. layer no 2—“— Gnt1/Gnt1
Nu= 0.38]
K Details Modify the structure
Cancel 0K
Alize-Lepe - Airfield pavement module, Pavement structure data X

Mota : the value of the Poisson coefficient Nu = 0.38 is not consistent

the Technical guide "Design of new flexible airfield pavement".

Quit Alize

Figure 9. Modification of Poisson's ratios
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2. Pavement structure

2.2.5. Modification of the risk

In paragraph 3.1.1 of the design method (STAC, 2014), some risk values are recommended (related to
the traffic class) even if this parameter should be set by the contracting authority.
As explained on the Figure 10, it is possible to modify the risk values by clicking on the cursors.

Alize-Lepe - Airfield pavement module, Input data — *

File Pavementstructure Aircrafttraffic  Other traffic data ~ Material library ~ Alize computation  Customize Alize  Other Module 7

~ Display the pavement structure
Titre : AC flexible pavement - Mf1 template
thick. Young Material Design Risk Sigh or

(m) (Mpa) MU e B %) Epafora P SH SN Kr o 1Ks 1Kd Ko
006 | 4| [ ®TF [0.350] eb-bbme3
: :: 018 | 4| »| FfIT,F) |0350| ebgb3 EpsilonT-inf <|> 5.0| 90 | 5 |u.025| 0.3 |u.?u| 1.0 | |=(RseR]|
0.25 | 4| »| 6000 |0.350 gntt
bonded 0.25 2400 [ 0.350 gntt
bonded infinite 80.0 | 0.350 pf2gqs EpsilonZ-sup | 16000 |-u.222|
Hgnt= 0.500 m Gnt1/Gnt1

K Details Modify the structure

Figure 10. Modification of the risk
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2. Pavement structure

2.3.1. Adding a bedrock

2.3. Modifying the flexible structure model: other features

In section 4.6.1 of the design method (STAC, 2014), it is specified that if a bedrock is located at a depth
of between 2 and 6 meters, its presence in the model must be taken into account by dividing the
supporting bed into two layers. One has a finite thickness and the other, representing the bedrock, has

an infinite thickness.

In order to add bedrock, as indicated on Figure 11, double click on the "infinite" box. A message is
displayed asking the user to confirm the choice. Click on "OK".

To remove this bedrock and getting
again on the "infinite" box.

back to a homogeneous semi-infinite subgrade: double-click

, A rigid” substratum may be added at the bottom of the current
" structure.
Confirm this request please, or Cancel.

Alize-Lepe - Airfield pavement module, Input data — *
File Pavementstructure  Aircraft traffic ~ Othertraffic data ~ Material library  Alize computation  Customize Alize  Other Module 7
~ Display the pavement structure
Titre : AC flexible pavement - Mf1 template
thick. Young Material Design Risk Sigh or Alb SH 5N K 1K 1Kd K
(m) mpa) M iype criterion (%) Epsi6 or A r s c
0.06 | 4| »| fTF) [0.350| eb-bbme3
048 | 4| »| f(T,F) |0.350| eb-gb3 EpsilonT-inf | 4 | » || 5.0 | 90 | 5 | 0.025| 0.3 | o.?u| 1.0 | | f(RseR) |
025 | 4| »| 6000 0350 gntt
0.25 240.0 0.350 gnt1
infinite B0.0 | 0.350 pf2gs EpsilonZ-sup | 16000 |-u.222|
Hgnt= 0.5 Gnt1/Gnt1
K Details Modify the structure
Alize-Lepe - Airfield pavement module, Pavement structure data X

QK | Annuler |

Alize-Lepe - Airfield pavemnent module, Input data

File Pavement structure  Aircraft traffic  Other traffic data

- Display the pavement structure

terial library  Alize computation  Customize Alize  Other Module 7

Titre: : AC flexible pavement - Mf1 template

thick. Young Mat: | Design Risk Sigh or b SH SN K 11K 1Kd K
(m) (Mpa) MU criterion %) Epsi6 or A d s €
006 | «| [ #T.F) [0350 fbbmeS
bonded = = - -
048 | 4| »| f(TFH [0.350 eb-gh3 EpsilonT-inf | 4 | ," 5.0 | 90.0 | 5.0 | 0,025| 0.30 | 0.?44| 1.0 | |'|:RseR_| |
bonded
nae 025 | 4| »| 6000 |03 gnti
bonded 025 240.0 gnti
bonded 6.00 30.0 350|  pfeas EpsilonZ-sup 16000 [-0.222]
. o » . . =
bonded —
I infinite 10000.0 | 0.250 bedrock I
Hgnt= 0.500 m Gnt1/Gnt1
K Details
Figure 11. Adding a bedrock
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2. Pavement structure

2.3.2. "K Details" command

Under the pavement structure displayed, on the right, there is a "K Details" button.

"K Details" command is used to edit on the screen the synthesis of the mechanical parameters used for
subsequent damage calculations. In particular, the modules of the hydrocarbon materials E=f(T,F), as a
function of the equivalent temperature and the speed associated with each aircraft in the traffic, and

the permissible values €r-adm and €z -adm.
Since some of these parameters depend on the temperature and speed set for each aircraft, Aircraft
traffic must be defined before using the "K Details" function.
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2. Pavement structure

2.3.3. Deleting the asphaltic base layer

Paragraph 1.2 (and 2.6) of the design method (STAC, 2014) specifies that when the design traffic is low
and not very aggressive with respect to the wearing course in question, the base course may be made

of granular materials.

Its implementation in Alizé-Aéronautique is done simply by deleting the base asphalt mix.
To delete the base asphalt mix, click on the left cursor of the base course thickness setting until the
thickness is equal to zero. Then a window is displayed to confirm the removal.
By clicking OK, the asphaltic base layer is automatically deleted (Figure 12) and the granular base
course is integrated into the subbase layer as a UGA.

File Pavement structure  Aircraft traffic  Other traffic data

- Display the pavement structure

Material library

Alize computation  Customize Alize  Other Medule 7

Titre: : AC flexible pavement - Mf1 template
thick. Young Material Design Risk Sig6 or b SH SN K 11K 1IKd K
(m) (MPa) MU e criterion %) Epsi6 or A d s €
006 | 4| [ ®TF [0.350] eb-bbme3
bonded - - - .
77900 | «| »| 10 [0350] ebgb3 EpsilonT-inf | 4 | >|| 5.0| 90.0 | 5.0 | 0.01 | 0.30 |u.?a?| 1.0 | |'[RseR_||
bonded
nae TR, | «| »| s000 [o3s0 gnti
bonded N—
0.25 240.0 0.350 gnti
bonded
6.00 4 80.0 0.350 pf2gs EpsilonZ-sup 16000 -0.222
bonded |- | o000 [ -0222]
infinite 10000.0 | 0.250 bedrock
Hgnt= 0.500 m Gnt1/Gnt1

Alize-Lepe - Airfield pavement module, Pavemnent structure data

i 1N

Remaoving the base layer in eb-gh3 :

Please comfirm this removing.

Caution : this pavemnent structure without bituminous base course
is restricted to low traffics (group 1 or 2 and RseR < 10 tons).

tructure

Alize-Lepe - Airfield pavement module, Input

File Pavement structure  Aircraft traffic er traffic data

- Display the pavement structure

Material library  Alize computation

- X

Customize Alize  Other Medule 7

Titre: : AC flexible pavement - Mf1

thick. Young Material Design Risk Sigh or b SH SN K 11K
(m) (MPa) MU e criterion %) Epsi6 or A d s
0.06 T(T.F) |0.350] eb-bbme3
Dorde 0.25 500.0 | 0.350 gntd
bonded 025 240.0 | 0.350 gnti
bonded .00 J 300 |0.350| pflgs EpsilonZ-sup 16000 | -0.222
: IS : . = 0.
bonded —
infinite 10000.0 | 0.250 bedrock
H3=0.500 m Gnt1/Gnt!
K Details

1/Kd Ke

Modify the structure

Figure 12. Delete the base asphalt mix
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2. Pavement structure

2.3.4. Adding a binder course

It is possible to add a binder course by double-clicking on the thickness box of the wearing course. A
window is displayed and asks if the user wants to add a binder course; click on Yes.

A 5 cm layer of BBSG-3 is then automatically added to the flexible model (Figure 13). It is possible to
modify the different parameters of this course.

Alize-Lepe - Airfield pavement module, Input data — *
File Pavementstructure  Aircraft traffic ~ Othertraffic data ~ Material library  Alize computation  Customize Alize  Other Module 7

~ Display the pavement structure

Tire:  AC flexible pavement - Mf1 template

“E:ﬁ']‘ m::l“ Nu Mf;:;ia' Desian ?;:lk Epf:ﬁfo‘:’A b SH SN Kr  1Ks 1Kd Ke
_L 006 |Jl«[ »[ fTF [0.350] eb-bbme3
i"":’e:’ _O.T «|»| fTF [0350| ebgb3 EpsilonT-inf | 4 | [50] s [ 5 Jooss] 03 Joraa] 10 | [[(RseR) |
025\ «| »| 6000 |0.350 gntt
bonded 025 2400 | 0350 gntt
bonded — - finite 800 |0.350| pfgs EpsilonZ-sup | 16000 |-u.222|
Hgnt= 0.500 m Gnt1/Gnt1

K Details Modify the structure

Alize-Lepe - Airfield pavement module, Pavernent structure data

Alize-Lepe - Airfield paverngnt module, Input data - X

File Pavement structure jfcraft traffic  Other traffic data  Material library  Alize computation  Customize Alize  Other Module 7

- Display the pavement strugiure

Titre: : AC flexible pave

nt - Mf1 template

thick. Young Material Design Risk Sig6 or b SH SN K 1K 1Kd K
(m) (Mpa) MU type criterion (%) Epsi6 or A d s ¢
006)b « f o[ F(TF) [0350] eb-bbme3
bonded
0.05 »| f(T.F) |0.350| eb-bbsg3
bonded - - . .
0.18 »| TTF) |0350| eb-gb3 EpsilonT-inf | 4 | >|| 5.0 | 90 | 5 |u.025| 0.3 | 0.?44| 1.0 | |'|:RSBR_||
bonded
nae 025 v| 6000 |0.350|  gnti
bonded
nae 025 2400 |0350|  gntd
bonded —— -
infinite 80.0 | 0.350 pf2qs EpsilonZ-sup 16000 w
Hgnt= 0.500 m Gnt1/Gnt1

K Details Modify the structure

Figure 13. Add a binder course

It is possible to delete the binder course by double-clicking on the thickness box of the wearing
course. A window is displayed and asks if the user wants to delete the binder course. Click on "yes".
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2. Pavement structure

2.3.5. "Modify structure” button

The "Modify structure" button displays a help window. Different explanations are given: how to change
the thickness of a course, etc. (Figure 14).

Titre

Alize-Lepe - Airfield pavement module, Input data

bonded
bonded
bonded
bonded
bonded

File Pavement structure

thick.
(m)
0.06

0.05

0.18

4
4
]
]

0.25

0.25

infinite

Hgnt= 0.500 m

Aircraft traffic ~ Othertrafficdata  Material library  Alize computation  Customize Alize

- X

Other Module 7

AC flexible pavement - Mf1 template

r— To modify the pavement structure or its parameters

- To change the thickness of one layer:
Move the associated scrollbar to Right or Left.

- To change the material of one layer (except for Untreated graded aggregates)
Dble-click on the associated cell "Material type™

- To change the Young modulus of one layer (except for Untreated graded aggregates)
Dble-click on the associated cell "Young™

-Activate or deactivate the damage criterion of one layer
Left-click on the associated cell "Design criterion”.

-Add ou remove a bonding layer:
Dble-click on the "Thickness” cell of the upper layer.

-Add or remove a rigid bedrock
Dble-click on the "Thickness” cell (= "infinite”) of the lower layer.

- Remove the bituminous base course :

Enter a zero-thickness for this layer by means ofthe associated scrollbar.
- To remove Uga (Untreated graded aggregates) layers

Enter a zero-thickness for these layers by means of the associated scrollbar.
- To identify the ajustable thickness layer for the “lterative computation™ mode

Red coloris used for its thickness cell (bituminous base |ayer or upper Uga).
- To modify the ajustable thickness layer for the "Iterative computation” mode :

Dble-click on the associated "Thickness™ cell (bituminous base layer or upper Uga).

Ks  1/Kd K

o] [

Modify the structure

rd

=

Exit

Figure 14. Modification of the structure

2.4. Saving pavement structure

It is possible to save the pavement structure by clicking on (Figure 2):

"File"
"Struc
"Save

ture Data"
as”

A window is displayed

The default path is: "Libraries\Documents"
The file name is to be completed

The extension is ".dat"
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3. General configuration of Aliz¢-A¢ronautique

It is possible to modify some default settings of Alizé-Aéronautique.

In the main menu bar, in the "Configure Alizé" tab, then in "General configuration" (Figure 15), it is
possible to modify:

The equivalent temperature
The "Click yellow Alizé" parameters
The display format (expanded fonts)
The access path to the default save file
The default new material save access path
The language (French or English)
Country options, units and sign conventions are also recalled by clicking on the corresponding

buttons

The "Click yellow Alizé" settings are only used to change the colour of the "Design criterion" boxes,
which are green by default.

By default, the equivalent temperature is 15°C. This temperature is applicable for oceanic,
Mediterranean or continental climates, according Paragraph 3.1.4 of the design method (STAC, 2014).
Other values of equivalent temperatures depending on the type of climate or location are also
specified.

It is not possible to modify the standard library of materials. The rational design method for flexible
airfield pavements (STAC 2014) specifies that the material parameters are by default those indicated in
the Standard Application Guide (STAC, 2009), corresponding to the library "Standard NF P 98-086".

Alize-Lepe - Airfield pavernent module, Input data - X
File Pavement structure  Aircraft traffic  Other traffic data ~ Material library  Alize computation = Customize Alize = Other Module 7
- Display the pavement structure I General settings I
Titre ©  AC flexible pavement - Mf1 template Airfiel module settings
thick. Young Material Design Risk Sigh or b SH SN K 11K 1Kd K
{m) impa) M type criterion ) Epsi or A r s <
006 | 4| [ fTF) [0.350] eb-bbme3
bonded - : " :
0148 | 48| f(T.F) [0.350 eb-gb3 EpsilonT-inf | 4 | b || 5.0 | 90 | / | 0.025 | 0.3 | 0.744 | | | f(RseR) |
bonded
nee 025 | 4| »| 6000 |0360|  gntt
bonded
nee 025 2400 [0360|  gntt
bonded
nee infinite 80.0 |0360| pfgs | EpsilonZsup
Hgnt= 0.500 m Gnt1/Gnt1
K Details | Modify the structure
Alize-Lepe - General configuration - X
Standard material library - My Lepe folder Language
" CDSC-1994 quide and Catalogue-1998 \c \Users\PRoure\Documents \
¢ Standard NF P93-086 National option
Re-initialization Modify Uit ‘
Equivalent materials r library of User's materials ——————————————— Signs
’7 TetaEq (C) = R ‘ [ercumed Lcpc my files\Li lib |
Tips of day
’7r Show tip of day at Alize startup | Modify
"Yellow click" Alize  Frost-thaw library od User's materials ———————————————————
K| 1 4l Il | Tl || e nts\Alize-Lepe my files \Libraries\matuser-gel.lib |
R= 205 G=255 B= 190
Re-initialization Modify
Alize windows - special formats Cancel
’VI' Wide windows (XP-large fonts, Vista ..)
Figure 15 : Configuring Alizé: general configuration
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3. General configuration of Aliz¢-A¢ronautique

In the main menu bar, on the "Configure Alizé" tab, then in "Aeronautical preferences” (Figure 16), it is
possible to modify some default settings such as:
e Cumulative traffic: which is fixed at 36,500 passages
e Lateral wander: the fixed value is 1.5m. This value is that indicated in section 3.1.3.2 of the
Design Guide (STAC, 2014) for high-speed sections.
e Aircraft speed: the set value is 100 km/h. This value is that indicated in section 3.1.3.1 of the
Design Guide (STAC, 2014) for high-speed sections.
e The service life: the fixed value is 10 years. Paragraph 3.1.1 of the design method (STAC, 2014)
states that the calculation period is generally 10 years.

It is also possible to take into account the nose wheel of the aircraft.

Alize-Lepe - Airfield pavernent module, Input data - X
File Pavement structure  Aircraft traffic ~ Other traffic data ~ Material library  Alize computation = Customize Alize = Other Module 7

General settings

- Display the pavement structure

Titre :  AC flexible pavement - Mf1 template I Airfield module settings I

thick. Young Material Design Risk Sigh or Al SH SN K 11K 1Kd K
(m) (MPa) MU e criterion %) Epsi6 or A d s €
006 | 4| »[ fT.F) |0.350] eb-bbme3
bonded - - . .
048 | 4[| fTF) [0350] eb-gb3 EpsilonT-int | 4 | >|| 5.0J/€n | 5 | u.uzs| 0.3 | u.m4| 1.0 | |'[RseR_| |
bonded
025 | 4| »| 600.0 |0.350 agnt1
bonded
nae 025 240.0 | 0.350 gnti
bonded
nde infinite 800 |D350| pfigs EpsilonZadf 16000 [-0.222]
Hgnt= 0.500 m Gnt1/Gnt1
K Details Maodify the structure

- Customize and options

1- Default values
Cumulated traffic (nbr passes)= 36500
Default wandering (m)= 1.500 =2xStandard-dev
Default speed (kmvhj= | 10000 | —54 op knots
Default design life (years)= 20.0
2- Other options

[~ Taking into account the nose gear
[~ Always remind special options

-

Standard options
Cancel
0OK

Figure 16. Configuring Alizé: aviation preferences

ALIZE-Aéronautique User Manual - version 1.5 Page 29






4. Definition of the traffic

lizé-Aéronautique



4. Definition of the traffic

4.1.

The loading of the Aircraft Database (Bda) is mandatory. Usually, the STAC Bda is automatically loaded
by Alizé-Aéronautique.

A missing or defective load is indicated by the message: "Cannot activate the Aircraft Traffic menu. The
Aircraft Database (Bda) has not been loaded, or incorrectly loaded."

In this situation, it is possible to load the Aircraft Database manually. The STAC Bda is stored in the
ficav2016-10-13.bda file under the following directory:

C:\Program Files\Alize-Lcpc Routes

This database is loaded from the main menu bar (File - Database - Open Bda).

If a new version of the database is provided, you will have to place it in the same directory. The next
time you launch Alizé-Aéronautique, it will automatically suggest that you replace the old base with
the new one.

Select an aircraft

Aircraft traffic is selected from the main menu bar. Choose "Aircraft Traffic" (Figure 17).

Alize-Lepe - Airfield pavement module, Input data -
File Pavement structure | Aircraft traffic | Othertraffic data ~ Material library ~ Alize computation  Customize Alize  Other Module 7
- Aircraft of the traffic mix
Title:
Aircraft data baze: C\Program Files (x86)\alize-Lcpe Routes\ficav2016-10-13.bda
i~ Scan the Adb (* Manufactureritype Mrw=142 90t Mtow=142 00t Mhw=136.00t Mroues=152 68t
AIRBUS x||a300 _~|B2 (Mrw=142.91) x| e+
AIRBUS A 300 B2 (Mrw=142.91) - Mww=16.80t (1/296) — Radius, weights, contact pressures and distances
Wheel 1 Wheel 10
d 0.182 m ﬂ 0.202 m Dx=19.2985 m
9.15t 16.80 t Dy=-5.5570 m
B.00 ) ossampa 7| 1280mPa  D-200826m
— Traffic mix
%3 ®g
4.00 %o &
0.00- 4
[T
-4.00- &7 84
48 T
-8.00-
-12.00-
-2.00 2.00 6.00 10.00 14.00 18.00 22.00
[v Display the nose gear To add this aircraft to traffic mix : % Click on the red arrow
Help Quit Alize

Figure 17. Defining project traffic in the main menu
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4. Definition of the traffic

It is now necessary to select the aircraft of the project traffic.

This selection of aircraft is carried out by manufacturer, type and model of aircraft, from the drop-
down menus as indicated on the Figure 18, Figure 19 and Figure 20.

Alize-Lepe - Airfield pavement module, Input data - X
File Pavementstructure Aircrafttraffic  Othertrafficdata  Material library  Alize computation  Customize Alize  OtherModule 7
Aircraft of the traffic mix

Tie:
Aircraft data base: C:\Program Files (x86 \alize-Lcpe Routes\ficav2016-10-13.bda.
_Scan the Adb. @ Manufacturerftype  Mirw=142.90t Miow=142.00t Miw=135.00t Mroues=152.68
ConStructor IRBUS. _~la300 - B2 (Mrw=142.01) e il
e - - - - Radius, weights, contact pressures and distances
TNV 142.91) - Mww=16.80t (11296)
ATR Wheel 1 Wheel 10
EING o[ 0.482m «| 0.202m Dx=19.2985 m
JMBARDIER 915t 16.80 t Dy=-5.5570 m
MBRAER ~l ossomPa Tl 1.280MPa  D=20.0826 m
"OKKER
JuLFsTReEAM - - Traffic mix
4; o
4.00- $; @
[]
-+ 470
43 @
-2.00 2.00 6.00 10.00 14.00 18.00 2200
[V Display the nose gear To add this aircraft to traffic mix: — Click on the red arrow

Figure 18. Selecting the make of aircraft to add to the project traffic

Alize-Lepe - Airfield pavement module, Input data - X
File Pavernent structure  Aircrafttraffic  Othertraffic dsta  Material library  Alize computation  Customize Alize  Other Module 7
Aircraft of the traffic mix

Tte:
Aireraft data base: C:\Program Files (x85)\Alize-Lepe Routes\icav2016-10-13.bda.
€ Scan the Adb & Manufacturerftype  Mrw=142.80t Mtow=142.00t Miw=135.00t Wroues=152.68t
AIRBUS A 300 ¥ 152 (Mrw=142.91) ][] 2]
Type AIRBUS A 300 B2 (M A (11206) | [~ Radius, weights, contact pressures and distances
12.00 A 310
A 318 Wheel 1 Wheel 10
A3 | 0482m a| 0.202m Dx=19.2985 m
A 320 915t 1680t Dy=-5.5570 m
A 321 ~1 0.850 MPa T| 4.280MPa  D=20.0826m
A 330
A 340 v - Traffic mix
45 0
400 gz 0
6
400 $7 8
@5 ©
-2.00 200 600 10.00 14.00 18.00 2200
[¥ Display the nose gear To add this aircraft to traffic mix: ——p  Click on the red arrow

Figure 19. Selecting the type of aircraft to add to the project traffic
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Alize-Lepe - Airfield pavement module, Input data - X

File Pavementstructure Aircrafttraffic  Other traffic data ~ Material library ~ Alize computation  Custemize Alize  Other Module 7

Aircraft of the traffic mix

Title:

Alrcraft data base: C:\Program Files (xB6)\Alize-Lcpe Routes\ficav2016-10-13.bda

" Scan the Adb @ Manufacturerftype  Mrw=142.90t Mtow=142.00t Miw=136.00t Mrouss=152.68t
MOdel AIRBUS jA;um v | B2 (Mrw=142.91) M| Kl _’l
-4 ~ - 3 9 ~ Radius, weights, contact pressures and distances
AIRBUS A 300 B2 (Mrw=1429t) - Mww=16.80t || |55, EC it o
600 R (Mrw=171.41) BTzl Ezell
500 ST BELUGA (Mrw=156.5t) a| 0.482m a| 0.202m Dx= 19.2985 m
945t 16801 Dy=-5.5570 m
.00 71 0.860 MPa Y| 1280MPa D=20.08%6m
- Traffic mix
%3 %4
4 28
[
a0 &7 o4
%8 24
E]
200 200 6.00 10.00 14.00 18.00 200
[¥ Display the nose gear To add this aircraft to traffiomix: ——3  Click on the red arrow

Help Quit Alize

Figure 20. Selecting the model of aircraft to add to the project traffic

Information on the radius, weight and pressure of the wheels, as well as distances, are displayed
automatically on the main window (Figure 21).

The group number of the aircraft (according to the GAN) is also automatically indicated.

It is possible to have more information on the selected aircraft by clicking on the "? *.

Alize-Lepe - Airfield pavement meduls, Input data - X
File Pavementstructure Aircrafttraffic  Othertraffic data  Material library  Alize computation  Customnize Alize  Other Module 7

- Aircraft of the traffic mix
Tte: H i
Wheel radii, weights,
Aircraft data base: C:\Program Files. (xB6)\Alize-L cpc Routes\ficav2016-10-13.bda pressures and
€ Scan the Adb ' Manufactureritype Mrw=142.90t Mtow=142.00t Ilw=135.00t Mroues=152.681 distances
AIRBUS = [az00 _~ [B2 Mrw=142.3) G4 [z
AIRBUS A 300 B2 (Mrw~142.9¢) - Myww-16.80¢ “ml Radius, weights, contact pressures and distances
Wheel 1 Wheel 10
.| 0182m | 0.202m Dx=18.2985 m
, 8151 16,80 t Dy=-55510m
a Tl ossompa 7| 1280MPa  D=20.0826m
- Traffic mix
Alize-Lepe - Airfield pavement module, Aircraft treffic data X
4
@ 1RBUs A 30082 Mrn=142.98
WY sroup no= 4 according to Gan)
Configuration : 2-4-4
[l b :
ear composition :
<Al P= 01784 MN (= 1829 )Wheels no 1 6 Pr= 0.080 MN (9.154)
Pg= 0.86 MPa
- A2: P= 06589 MN (= 6710 1)Wheels no 2345 Pr= 0.165 MN (16.80
4 t) Pg= 1.28 MPa
A3 P= 06589 MN (= 6719 ) Wheels no 78910 Pr= 0.165 MN (16.80
t) Pg= 128 MPa
Weight-ajusted totel weight Mrw = 14972 MN (= 152.681)
r Ficav data for Dca software:
- Nose gear: Balance coefficient= 12.8% P= 1829t Pr=9.15¢ Pg= 0.8
MPa
- Main gear : Balance coefficient= 47% P= 67.16¢ Pr= 16.79t Pg= 128
MPa
-12 with:
P= gear weight, Pr= wheel weight and Pg= tire/pavement contact bo
pressure L
2 —> Click on the red arrow
Pr Quit Alize

Figure 21. Information about the selected aircraft
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4. Definition of the traffic

4.2. Adding the selected aircraft

To add the selected aircraft to the traffic, simply click on the red arrow at the bottom of the main
window (Figure 22).
When the aircraft is added, it is automatically displayed in the "Project traffic composition" window.

Alize-Lcpe - Airfield pavement module, Input data ot
File Pavemnentstructure  Aircrafttraffic  Other traffic data ~ Material library  Alize computation  Customize Alize  Other Module 7
i Aircraft of the traffic mix
Title:
Selection of the aircraft to add to the project traffic
11t Mtow=247 50t Miw=201 30t Mroues=262 58t
06 a0 - E— | o | ®|
BOEING B 777 200 (Mrw=248.1t) - Mww=19.40t (92/296) r Radius, weights, contact p and di —]
ELD Wheel 1 Wheel 14
| 0482m | 0.220m Dx= 27.3300 m
j 1490t j 19.40t Dy= -6.5750 m
\ "1 1.410 mPa ~| 1350MPa D= 28.4098 m
8.00- |'
B0
ooy
ke .
The aircraft
selected is added
0.00- + .
[ \ to the project
\ traffic
9% 1
© 161814
800 \
-16.00-
400 400 12,00 20.00 28.00
'7 Display the nose gear To add this aircraft to traffic mix: % Click on the red arrow
Heip | aquitaiize |

Figure 22. Add the selected aircraft to project traffic
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4.3. Other settings

It is possible to obtain further information on the selected aircraft such as the bearing axes (Figure 23).

Alize-Lepe - Airfield pavement modulg, Input data — *

File Pavementstructure Aircrafttraffic ~ Othertraffic data  Material library  Alize computation  Customize Alize  Other Module 7

r Aircraft of the traffic mix

Title:

Aircraft data base: C:\Program Files (x86\Alize-Lcpc Routes\ficav2016-10-13.bda

" Scan the Adb [l Ttype * | Display wheel axis |

Longitudinal axis of the wheels of the 1 aircraft of the traffic mix

7.00—

6.00—

5.00—

4.00— — Traffic mix
3.00— 1-BOEING B 777 200 (Mrw=248.1t) - G5

2.00—

1.00—

0.00—

-1.00—

-2.00—

-3.00—

-4.00—

-5.00—

-7.00—
1

¥ Display the nose gear

Help | Quit Alize

Figure 23. Display of bearing axes

It is also possible to remove the front landing gear. In this case, deselect the option "Draw the front
landing gear" (Figure 24).

Alize-Lepe - Airfield pavement module, Input data - X

File Pavementstructure Aircrafttraffic  Othertraffic data  Material library  Alize computation  Customize Alize  Other Module 7

r Aircraft of the traffic mix

Title:

Aircraft data base: C:\Program Files (x86)\Alize-Lcpc Routes\ficav2016-10-13.bda

" Scan the Adb * Manufactureritype " Display wheel axis Mrww=248 11t Mtow=247 50t Miw=201.80t Mroues=262 58t
BOEING R CE =200 (Mrw=245.1%) w|les ] 2|
_ BOEING B 777 200 (Mrw=248.1t) - Mww=19.40t (92/296) r— Radius, weights, contact pressures and distances
Wheel 1 Wheel 14
| 0.182m | 0.220m Dx= 27.3300 m
&2 5 @7 14901t 19.40t Dy= -6.5750 m
71 1410 MPa ~| 1.250 MPa D= 28.1098 m
B2 @4 B - Traffic mix
400
1-BOEING B 777 200 (Mrw=248.1t) - G5
0.00
400
By @u B4
[ R1T 1z .
_8.00-
18.00 22.00 26.00 30.00 34.00
To add this aircraft to traffic mix : % Click on the red arrow

Quit Alize I

Figure 24. Remove the front landing gear
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5. Other traffic data setting

The other parameters can be selected from the main menu bar by clicking on the tab "Other traffic
data" (Figure 25).

The default settings are those defined in the "Configure Alizé" menu, then "Aeronautical preferences”
(see Chapter 5).

Alize-Lepe - Airfield pavement modulg, Input data —

File Pavementstructure  Aircraft traffic | Other traffic data | Material library  Alize computation  Customize Alize  Other Medule 7

- Other traffic data, design life, wandering and frequency

Title:
Adrcraft Weight Alrcraft passes Cumulated VWandering= Spesd  Temperature
of the traffic mix ) Number Units Ta(%) traffic IxStanDev(m) (kmh)  TetaEg
1-BOEING B 777 200 (Mrw=248.11) - G5 | Mrw | 248110 || 36500 | Cumulated | o | 36 500 | 1.50 | 100.0 | 15 |

Alize-Lepe - Airfield pavemnent module, Input data -
File Pawvement structure  Aircraft traffic  Other traffic data ~ Material library  Alize computation  Customize Alize  Other Module 7

~ Other traffic data, design life, wandering and frequency

Title:

I Design life of the pavement (years): | 10,0 I

Aircraft Weight Aircraft passes Cumulated VWandering= Speed Temperature
of the traffic mix t) Number Units Ta(%) traffic ZxStanDev(m) (km'h)  TetaEqg
[1-BOEING B777 200 (Mrw=248.11) - G5 | [ Mrw | Joss.a10) [ 10 | Passesiday [| o | 36500 150 | 1000 [ 15
| |

Parameters that can be modified

Figure 25. Settings for other traffic data
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5. Other traffic data setting

5.1. Choice of weight

Several weights are supplied by the aircraft manufacturers and can be selected by clicking on the
green box "Mrw". :

e the maximum weight for taxiing indicated in the Airworthiness Certificate (or maximum ramp
weight Mrw) corresponding to the maximum permissible aircraft weight when taxiing on the
aprons.

e the maximum take-off weight, Mtow, indicated in the certificate of airworthiness
corresponding to the maximum permissible weight of the aircraft on take-off.

e the maximum landing weight, Mlw, indicated in the certificate of airworthiness corresponding
to the maximum permissible weight of the aircraft on landing.

e "Other"

As stated in chapter 3.1.2.2 of the design method (STAC, 2014), in the absence of more precise
information, the following weights supplied by manufacturers will be used:

e the maximum ramp weight Mrw for take-off's.

e the maximum landing weight Mlw for landings.

Note: If another weight than Mrw, Mtow or Mlw is to be used, it is possible to select "Other" and

manually enter the required weight.

5.2. Choice of the number of movements

As indicated on the Figure 25, the number of movements is a parameter to be defined for each aircraft.
By default, the number of cumulative movements is displayed, which is set to 36,500.

The default value of 36,500 can be changed in the "Configure Alizé" section by selecting "Aeronautical
preferences” (see Chapter 5).
By clicking on the green box “cumulative movements”, it is possible to choose between different ways
of indicating the cumulative traffic, independently from one aircraft to another:
e The number of cumulative movements ("Cumulative Mvts" box), i.e. the number of movements
of the aircraft over the entire calculation period. In this case, neither the calculation period nor
the rate of increase can be modifying.

e The number of movements per day (box "Mvts/day"). In this case, various parameters are
expected in order to automatically calculate the cumulative traffic:
o the calculation period (by default, 10 years),
o the number of movements per day,
o The rate of increase (box "Ta(%)").
e The number of movements per week ("Mvts/week" box). In this case, various parameters are
expected in order to automatically calculate the cumulative traffic:
o the calculation period (by default, 10 years),
o the number of movements per week,
o the rate of increase (box "Ta(%)").
e The number of movements per month (“Mvts/month" box). In this case, various parameter are
expected in order to automatically calculate the cumulative traffic:
o the calculation period (by default, 10 years),
o the number of movements per month,
o the rate of increase (box "Ta(%)").
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5. Other traffic data setting

5.3. Adjusting the lateral wander, speed and equivalent temperature

In Alizé-aéro, the lateral wander, speed and equivalent temperature settings can be changed.

The lateral wanders and speed default parameters are the high speed cross section design parameters.
The default wander value is 1.5 m and the default speed is 100 km/h.
Some recommendations are given in order to define these parameters:
e Table 4 of the design method (STAC, 2014) shows the displacement velocities as a function of
the section type.
e Table 5 of the design method (STAC, 2014) shows the standard deviations (wander=2x
standard deviation) as a function of the type of section.
e Chapter 3.1.4 of the design method (STAC, 2014) indicates the equivalent temperature values
depending on the type of climate or geographic area.

5.4. Saving project traffic

It is possible to save project traffic by clicking on (Figure 2):
e "File"

“Aircraft traffic data”

e "Save as"

The default path is: "Libraries\Documents"

The file name is to be completed

The extension is ".dap"
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6. Calculations

It is now assumed that the structure has been defined, as well as the traffic. The next step consists in
launching the calculations.

Two calculation options are available:

e "Single calculation" of strains and damage for selected Structure and Traffic data (no iterations on
thicknesses). Thickness adjustments for a cumulative damage value of 1 have to be done manually.

e ‘lterative calculation": iterations on thicknesses with a cumulative damage value equal to 1.

According to the choice of the user, the iterations will be made by adjusting the thickness of the

base course (GB, EME) or the subbase layer (UGA), for flexible structures "Mf1". The layer thickness

to be adjusted is indicated by the red colour of its "thickness" box.

The calculations can be launched from the main menu bar by selecting "Alizé calculation" then "Single
calculation” or "lterative calculation" (Figure 26).

K Details

Alize-Lepe - Airfield pavement module, Input data — X
File Pavementstructure  Aircraft traffic  Other traffic data ~ Material library | Alize computation  Customize Alize  Other Module 7
- Display the pavement structure Smgle computation
Titre:  AC flexible pavement - Mf1 template Iterative computation
thick. Young Material Design Risk Sigh or .
{rm} [MPa) type criterion (%) Epsi6 or A i =k £ g iz hE £
0.06 | 4 f(T,F) [0.350] eb-bbme3
bonded - - - ;
018 | 4 fTF) [0350| ebgb3 EpsilonT-inf | 4 | » || 5.0 | 90 | 5 | 0.025| 0.3 | n.?nu| 1.0 | |'(RseR_| |
bonded
nde 025 | ¢ 500.0 | 0.350 gntd
TETEE 025 2300 | 0.350 gnti
bonded — §
infinite 80.0 0.350 pf2gs EpsilonZ-sup 16000 -0.222
Hgnt= 0.500 m Gnt1/Gnt1

Modify the structure

Figure 26. Launching the calculations

Single mode Calculation In order to illustrate the calculation process according to the "single calculation”
mode, project traffic with two aircraft has been defined:
e An Airbus A300 B2
e A Boeing B777 200
The selected traffic settings are the default settings.
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6. Calculations

6.1.1. Launching the calculations

The calculation can be launched from the main menu bar, "Alizé calculation”, then "Single calculation”
(Figure 27). In that case, a window is displayed indicating that the default traffic has not been changed and
asking if the user wants to continue/carry on.
After clicking on "OK", another window is displayed, indicating the values:
e of the Equivalent Single wheel Load (ESwL), which is defined in chapter 2.6 of the design method
(STAC, 2014),
e of the calibration coefficient Kc of the bituminous materials, calculated as a function of the ESWL
(see chapter 2.7.1.2 of the design method (STAC, 2014).
Click "OK" again.

Alize-Lepe - Airfield pavement module, Input data -

File Pavementstructure  Aircraft traffic =~ Other traffic data  Material library | Alize computation  Custofnize Alize  Other Module 7

Single computation |

- Other traffic data, design life, wandering and frequency

Tiie: [terative computation

@) Coution: the traffic default value has been kept. CF
¥ - Airplane no 1: Cumulated traffic = 36 500 passes
- Airplane no 2: Cumulated traffic = 36 500 passes
For modifying the aircraft traffic data: see Main menu bar/Other traffic
data
For modifying the cumulated traffic default value: see Main menu
bar/Customize
This message will not be repeated again for the above aircraft.

‘é‘ Computation progress using the "Single computation” mode (Nealc=
L 7 P

End of the 1st calculation sequence in a “blind manner”, |eading to the
determination of the RseWW and

therefore the determination of the adjustement coefficient Ke= f(RseR)
of the bituminous materials.

- ResW= 0.251 MN (= 25.351)

- Kc=2.000 (Kcinitial value before adjustment= 1.300)

Do you want to launch the computation hewever (OK), or Cancel for

modifying the data ?

>

The 2nd sequence of calculation is going to start now, taking into
account the adjusted values of Ke.

Annuler

o ]

Adrcraft Weight Aircraft passes Cumulated VWandering=  Speed Temperature l’
of the traffic mix (t) /ﬂﬂber Units Ta(%) traffic 2xStanDevim) (km'h) TetaEg
1-AIRBUS A 300 B2 (Mrw=142.9t) - G4 Mrw )@ﬁu 3:65&0{ Cumulated 0 36 500 1.50 100.0 15
[2-BOEING B 777 200 (Mrw=248.1t) - G5 247.500 36500 Cumulated 0 36 500 1.50 100.0 15
Alize-Lepc - Airfield pavement module, launching the cemputation x Alize-Lepc - Airfield pavement module, computation results X

Figure 27. Launching the calculations according to the "Single Calculation" mode

Once the calculations are launched, a window is displayed (Figure 28). This is the first calculation result: the
damage with wander at the base of the layer made of bituminous materials for the first aircraft of the
project traffic.
The sequence of calculations is as follows:

e calculation of the damage at the bottom of the layer of bituminous materials for each aircraft of the

project traffic
e calculation of the damage at the top of the layer of unbound materials for each aircraft of the
project traffic
Alize-Lepe - Airfield pavement, Computation results: Damages= f(YY) - computation 1/4 - Mode Precis+ — x
0.00000 0.00800 0.01600 0.02400 0.03200 0.04000 0.04800 e
8.00.
a
600 \\‘\
=
o .
4.00. //
/////
idividual damages  [] Cumulated damages.
200 With wandering [ Without wandering
] Automatic sequencing
= zoom?
Computation details | Maximum damages |
Vertieataxis Trom the ™ save | seoteaicmatt |
Ourston 00 03sec x-00101 Y= 100910 print | et |

Figure 28. First calculation result
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6.1.2. Calculation sequence

To perform all the calculations, the user could both (Figure 29):
e click on "Next Calculation" at the end of each calculation
e or check the box "Auto sequencing" and then click on "Next calculation”, in which case the
calculation sequence is automatic

"Manual” calculation sequencing

Individual damages [ cumulated damages
With wandering [J without wandering
D Automatic sequencing

Zoom 7 | l HextoomEutatlon "

Computation details | Maximum damages |
Save | See the aircraft |
Print | Exit |

OR

Automatic calculation sequencing

Individual damages [0 tumulated damages
With wandering [0 without wandering

Automatic sequencing

Zoom 7 Next computation |
Computation details I Maximum damages |
Save I See the aircraft |

Print | Exit |

Figure 29. Calculation sequence
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When all the calculations have been made, the graph displayed shows the cross-sectional damage profiles
(for the two criteria) for each aircraft, with wander (Figure 30).

Alize-Lepe - Airfield pavement, Computation results : Damages= f(YY) - computation 4/4 - Mode Precis+ - X
0.00000 0.00800 0.01600 0.02400 0.03200 0.04000 0.04800
Damage 2-BOEING B 777 200 - EpsilonT Inf2..
11.00
1-AIRBUS A 300 B2 - EpsilonZ Sups...
2-BOEING B 777 200 - EpsilonZ SupS...
10.00
9.00
8.00 \
o
\%‘-—-.._‘__
7.00_] T
i —
SN =t
] —
| >
500 [ L |
[ =]
___..--Z__..—-—--—-""_
400 L
/?f#'—'
3.00 //"f
Individual damages. [0 cumulated damages
200 With wandering [0 without wandering
' Automatic seguencing
1.00 Zoom 7 | |
Computation details | Maximum damages |
0.00
Vertical axis = transversal distance from the runway centerling (m) Save | See the aircraft |
Duration 00:11sec X=0.0295 Y=12.0757 Print | Exit |

Figure 30. Calculation results: damage with wander per aircraft

It is possible to display other curves by selecting the various boxes surrounded in red on the Figure 31. For
example:

e Damage per aircraft with wander

e Damage per aircraft without wander

e Cumulative damage with wander

e Cumulative damage without wander

Alize-Lcpc - Airfield pavement, Computation results : Damages= (YY) - computation 4/4 - Mode Precis+ - X
1-AIRBUS A 300 B2 - EpsilonT Inf2
0.0000 0.0200 0.0400 0.0600 0.0800 ;
Damage 2-BOEING B 777 200 - EpsibonT nf2
00
R 1 1-AIRBUS A 300 BZ - EpsilonZ Sups...
Cumulated| damage with wandering Eps|Z-Sup5 2-BOEING B 777 200 - EpsilonZ Sup5...
10.00
9.00,
8.00, \
7.00
[
£.00
- ™
L
400 —|
//
3.00
[ individual damages Cumulated damages
200 With wandering [0 without wandering
[ #utomatic sequencing:
1.00 Zoom ? | ‘
Computation details | Maximum damages ‘
0.00
Vertical axis = transversal distance from the runway centerline (m) Save | See the aircraft ‘
Duration 00:11sec X=0.0295 Y=12.0757 Print | Exit ‘

Figure 31. Calculation results: cumulative damage with wander
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6.1.3. Zoom

It is possible to zoom directly on the graphic displayed on the screen. To do so, click on the "Zoom? "
button (Figure 32).

A window is displayed, explaining how to zoom in on the graph. Click on "OK" and with the mouse left-click
without releasing to set the zoom window. Then press the "Enter" key. The zoom is done automatically.

To zoom out, double-click on the graph.

Alize-Lepce - Grid calculation, profiles of results *
Alize-Lepce - Airfield pavement, Computation results : Damages= f(YY) - comp
0.00000 0.00800 0.01600 0.02400 0.03200 & Howto do a Zoom :
11.00 Left-click without releasing the mouse button for defining the Zoom
window,
" "
10.00 then press the "Enter" key. ) .
For coming back to full scale : "Dble-click” on the chart.
9.00
Alize-Lepc - Airfield pavement, Computation results : Damages= (YY) - computation 4/4 - Mode Precis+ - X
002000 002400 002000 003200 003600 004000 004400 004000
2000 Damage WG 8777 200
BUS A 200 B2 <
2-BOENG B 777 200 - EpsionZ Sups,
000
000
— \\—_
\\\-\:-\-__\\_
6.000 T [—
e -
T \_\\‘—-\_ ™
5000 \\ —\><
T S
| LA |
4000 T T W] Individual damages 'l Cumulated damages
L] Individual damages [ Cumulated damages " "
|
Worvarsers O] ey (2 81 WaNdering [IRathoitivandscng
3000 [ Automatic sequencing Automatic sequencing
Zoomz | |
Zoom ? |
oo mputation detais | m demages |
rticat o o save | __seetneaircrart | Cor details | Maximum damages |
Durston 001 fsec X 00321 ¥= 06601 print [ et |
s e = N IR et m ey e T et save | See the aircraft |
Duration 00:11sec A= 0.0295 Y=12.0757 Print | Exit |

Figure 32. Zoom
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6.1.4. Calculations details

Some calculation details (such as tabular results) can be obtained by clicking on the "Calculations Details"
button (Figure 33).

It is important to note that these calculation details are displayed for the last calculation performed (i.e. if all
calculations have been started, the details of the calculations will concern the parameters necessary to
calculate the damage for the unbound materials for the last project traffic).

To have the details for &t criterion or for another aircraft, calculations have to be done one by one, and
have to click on "Calculations Details" each time before to go to the next calculation..

In this case, the Boeing B 777 200 has been considered and the calculation has been done regarding the €z
criterion (vertical strain at the top of the subgrade).

Alize-Lepe - Airfield pavement, Computation results : Damages= f(Y¥) - computation 4/4 - Mode Precis+ - X
Alize-Lepe - Airfield pavement module, detailled results - x |
777 200 - EpsilonT Inf2..
I BOEING B 777 200 (Mrw=248.1t) - M= 247.5t - EpsilonZ Sup5 (calcul. 4}4]' Variants 1: Duration 00:04sec 4300 B2 - EpsilonZ Sups...
thick. modulus Poisson Zcalcul 3 777 200 - EpsilonZ SupS.
(m)  (MPa) ratio (m)
0.060 11000.0 0.350
bonded
0.480  9000.0 0.350 20 Profiles
bonded
0250 §00.0 0.350 plisurteces
bonded
0250 2400 0350 Save
bonded
infinite ~ 80.0 oss0 4 S
—— —
—
H-ﬁ.ﬁ.‘_"‘--ﬁ§
5.00
DB N
a0 ___,__...__'____,__,__.-__.--‘-_____
== =
L
w_| ]
Individual damages D Cumulated damages
Without wandering
o 2] O v
Automatic sequencing
100 S |
I Computation details |I Maximum damages |
0.00
Vertical axis = transversal distance from the runway centerline (m) Save | See the aircraft |
Duration 00:11sec X=0.0295 Y=12.0757 Print | Exit |

Figure 33. Details of calculations

In the "Detailed Results" window, there are 5 different buttons:

e 2D Profiles
e 3D Surfaces
e Save

e Seeloading
e Close

The different actions associated with these buttons are explained in the following paragraphs.
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6.1.4.1. 2D Profiles

By choosing "2D Profiles", it is possible to directly display some curves characterising the mechanical
response of the structure. These are displayed in the "Curves to be plotted" box (Figure 34).

Therefore, it is possible to plot the deflection or the vertical strain at the top of the subgrade (layer no.5).

By taking over the previous example, the vertical strain at the top of the subgrade has been plotted

(E2z-5-5up)-

Choice of profile, according to xx or yy

Graphs are plotted in both longitudinal of transversal plan. By default, the longitudinal plan is displayed (xx
axis).

To change that, simply select “profiles according to YY" (Figure 34).

Alize-Lepe - Grid calculation, profiles of results — X
19.7720
21.00 23.00 25.00 27.00 29.00 31.00 EmeTes
-100.
T
535 100. \Q //
SEnE) I
. A'd ———
Profile xx (y may \ I~ e
400 Zoom 7
vary) where the /
calculations 500 m;
displayed on the so / pacagten
4| Profile
graph are made -~ \/\ /\J ’fl ot
\-/ ¥=4750m
BO0-
Choice of y
- ><_ EpsilonZZ-5-5up . - .
Curve(s) selection: Choice of profile type, according to xx or yy
Defc‘ln - " discentinous steps Reset |
L Sion. -2-alU .
: : P P {* continous steps r(.mes l Drawing |
EE {egmlTENveGp
See loading |
¥ inverted ordinates
] fs=8 Display units |
PrOﬁle . [~ Detailed results Min-max values |
accord]ng to yy Zoom.. 'F.I.‘"“m | Erase curves selection I Exit |
[

Figure 34. Choice of profile, according to xx or yy
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Curve plotting

To display the curves, once the profile according to xx or according to yy has been chosen, it is necessary to
choose the value of the Y ordinate where the calculations will be made (profile according to xx) or the value
of the X abscissa (profile according to yy). In the following example, the profiles have been plotted
according to xx. To do so, proceed as follows (Figure 35):

e Check "continuous step-by-step" (checked by default)

e Then in the "Settings" section, select the value of Y by scrolling the values using the sliders.
The curves are displayed automatically, and the line according to which the calculations are performed is
displayed in red on the "Loading view" window. In this example, as the graphic displayed is the vertical
strain at the top of the subgrade, the calculation is done under the inner wheels of the main landing gear of
the aircraft.

It is also possible to display on the same graph all profiles according to xx or yy. To do so, proceed as
follows:

e Choose the profile according to xx or yy (for our example, according to xx)

e Check "Auto Envelope"

e click on the "Draw" button
All of the curves are then automatically displayed (Figure 35).

It is also possible to choose to plot a single curve without seeing the others. In this case:
e Check "Manual step-by-step"
e Choose the profile according to xx or yy
e Choose the value of Y or X
e Click on the "Draw" button

The selected curve is then displayed.

—{ Profile xx (y may vary) where
the calculations displayed on -
the graph are made i MO sz

_—

X

Tuning
)
453 / [~ padiagram

ALY Py
\ Y= 4750 m

= Continuous step-by-step, oice of y

b |[25S0P manual step-by-step or auto

tion:
j Profie

S ; envelone Resst |
* continous steps " YY profiles

JI T

c
: \ = Aide
Zoom Full scale
a00. \:[ Zoom ?
dation, profiles of results - X /

auto. envelop

=

padonZZ 55w
Curve(s) selection: See loading
Detection ¢ . ==

¥ inverted ordinates

Plot of all profiles according to xx T %
(therefore variation of all y profiles) Erase carves scletion | =

Figure 35. Curve plotting: continuous step-by-step, manual step-by-step or auto envelope
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Axis direction

It is possible to choose the axis direction of the plotted curves.
Alizé follows the sign convention in soil mechanics, i.e. positive sign in compression and negative in traction.

By default, the positive signs are downwards. If the positive signs should to be upwards, check the "Reverse
ordinates" box (Figure 36).

Alize-Lepc - Grid calculation, profiles of results - X Alize-Lep - Grid calculation, profiles of results - %

26.2609 19.7720
i ! A v f .00 25.00 27.00 20.00 31.00
00 23.00 25.00 27.00 29.00 31.00 e mnm 2. e

/] wl I
LY M ,m /

sl
200
800, o
7
500.
400.
00

Tuning Tuning
\ | Profile \/ J | Profile
~| =96 ~| o6
El . AN =l
/ Y=4750m \ Y=4750m
o 8
00, 200.
psilonZZ-5-Sup psilonzz-5-5up
Curve(s) selection: Curve(s) selection:
Deflection " discontinous steps & XX profiles Reset Deflection " discontinous steps (* XX profiles Reset
v
@ continous steps  YY profiles v & continous steps " YY profiles
 auto. envelop g ' auto. envelop Q
See loading See loading
|__inverted ordinates ¥ inverted ordinates
Too8 Display units - Display units
[” Detailed results Min-max values [~ Detailed results Min-max values

Erase curves selection | Exit Erase curves selection | Exit

Figure 36. Direction of ordinates

Detailed Results
By default, in the "Curves to plot" box, only a few of the main parameters are displayed. It is possible to
choose others. To do so, check the "Detailed Results" box (Figure 38).

Concerning the bituminous layers damage, the curves that can be plotted are:
e By default:
o The deflection

o €2 minimal principal strain in algebraic value at point P in the corresponding plane (X, Y) (or
maximum extension value, in absolute value, at point P)
o The vertical strain at the bottom of the asphaltic layers
e Detailed results:
o The deflection
o The strain in the X direction at the bottom of the asphaltic layers
o The strain in the Y direction at the bottom of the asphaltic layers

o €2 minimal principal strain in algebraic value at point P in the plane (X, Y) in question (or
maximum extension value, in absolute value, at point P)

The vertical strain at the bottom of the asphaltic layers

The volume strain at the bottom of the asphaltic layers

The deviatoric (or shear) strain at the bottom of the asphaltic layers

Pmoy: average pressure at the bottom of the asphalt course

Qdev: shear stress at the bottom of the asphalt course

O O O O O
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Concerning the damage to the subgrade, the curves that can be plotted are:

e By default:
o The deflection
o Vertical strain at the top of the subgrade
e Detailed results:
o The deflection

O O O O O O

Vertical strain at the top of the subgrade
Volume strain at the top of the subgrade
Deviatoric (or shear) strain at the top of the subgrade
The vertical stress at the top of the subgrade
Pmoy: Average pressure at the top of the subgrade
Qdev:shear stress at the top of the subgrade

Alize-Lepe - Grid calculation, profiles of results — X Alize-Lepe - Grid calculation, profiles of results - x
26.3827 21,5509
200 23.00 2500 27.00 29.00 .00 21.00 200 2500 27.00 20.00 31.00
-222.8640 0.0188
_0.01000.
= I~ 0.00000.
=] =
—] -
I\~ L7 . L~
\ 0.02000. /
/ Aide D300, \ [~ / Aide
\ 117 { 200m? \\ / [ 200m >
\ \_/ J / "
— ™\ Tuning \ / Tuning
3 N\ I padiagram 005000 I pa disgram
<] Prome & /\ | Profile
=] neos 0.06000. e
/A / B Y=4750m
\ 0.07000.
1
T Deflection EpsilonZZ-5-Sup EpsiV-5-Sup EpsiD-5-Sup l I SigmazZ-5-Sup Pmoy-5-5up Gedev-5-5up
vl Defiection " discontinous steps & XX profiles D | Deflection  discontinous steps & Xxprofiles Reset
v EpsilonZZ-5-Sup EpsilonZZ.5.
3 3
¥ EpSIV-5-Sup continous steps " YY profiles Epsiv-5-5up continous steps " YY profiles
v " auto. envelop EpsiD-5-Sup " auto.envelop
SigmaZZ-5-Sup See loading ! SigmaZZ-5-Sup See loading
Pmoy-5-Sup ¥ inverted ordinates e /| Pmoy-5-Sup ¥ inverted ordinates o
Qdev-5-5up __ Displayunits_ | Eladev-5-5up 1 = _ Display units_|
[ Detailed results Min-max values [ Detailed resuits Min-max values

Erase curves selection |

Exit |

Erase curves selection |

Exit

Figure 37 : Detailed results
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Minimum and maximum values

By clicking on the "Mini-maxi" button (Figure 38), a window opens and displays an array where each row
corresponds to the parameters calculated and displayed in the “detailed results” previously listed.
From left to right, the columns indicate:

e The minimum value of the parameter,

e The abscissa of the point corresponding to this minimum value,

e The ordinate of the point corresponding to this minimum value,

e The maximum value of the parameter,

e The abscissa of the point corresponding to this maximum value,

e The ordinate of the point corresponding to this maximum value,

Reset

See loading

I Min-max values

|
|
|
Display units |
|
|

Edit
Y
Settings id computation, mini/maxi values of the... — >
Parameter Vmin Xmin Ymin VYmax Xmax Ymax |«
Deflection 79.567 30.330 | 10.700 | 332486 | 25.880 | 4.950
EpsilonZZ-5-5up | -20.529 25880 | 0.000 807.383 | 25.880 | 6.050
EpsiV-5-5up 5.214 30.330 | 10.700 | 33B.050 | 25.880 | 5.500
EpsiD-5-Sup 38.008 30,330 | 0.000 | 1097.097 | 25.880 | 6.200
SigmaZZ-5-5up 0.000 21.630 | 0.000 0.071 25880 | 5.000
Pmoy-5-5up 0.000 30.330 | 10.700 0.030 25,880 | 5.500
Qdev-5-Sup 0.002 30.330 | 0.000 0.065 25,880 | 6.200 j
Minimal Maximum
Values —| Values
Coordinates of points Coordinates of points
where values are where values are
minimal maximal

Figure 38. Min and max values

Display in the X0Y plane of the loads and observation profiles

By clicking on the button "See loading" a window pops up (Figure 39) is opened, and can be used to
display:

e The area where the calculations are made,

e The chosen observation profile,

e The footprint of the wheels of the aircraft concerned by the calculation,
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e The wheel numbers,
e The loads of the different wheels of the aircraft (load, pressure, wheel radius) [marked with their

number],
e If necessary, clicking on the "Symmetries?" button ", a search for the axes of symmetry is carried
out.
Alize-Lepe - Drawing of leads and computation points in XoY plane - X
x= 16414
12.00 y= 11722
10.00
8.00
6.00 iy iy
& 45 95
4.00
Scales 7
2.00 2| _zoom |
0.00 et
12..
200 . loads
400 «k 12..
®; g @ computation pts
Show nbrs ...
e ¥ ¥10 #y ¥ Ioads
o ¥ comput. pts

16.00 20.00 24.00 28.00 32.00 36.00 Symetries ?

Load n* Load n* D (m) Dy (m) D (m) Remove
a4 “12 2.9000 -10.9700 11,3468

j j . Translate
2 2 Total weight= 2.2773 MN = 232.216 t

=| 0.1893 01888 |MN Copy
1.2500 1.2500 |MPa

R=| 0218 02188 |m et |

Figure 39 : Display in the X0Y plane of the loads and observation profiles

Alize-Lepe - Drawing of loads and computation points in XoY plang

The area where the

Reset | 1200 calculations are
made
Drawing | 1000
8.00
see loading —
| ! — oy @y e
Display units | PR ———
Min-max values | Observation profile Smmmm |
200 ® .
4,00 ﬁ 12..
.,_.( s 9 .1 computation pts
600 w5 90 ¥1p = f}:::"m'"
8.00 ¥ comput. pts

16.00 20.00 24.00 28.00 32.00 36.00 Symetries ? |

Load n* Load n* Dx (m) Dy (m) D (m) Remove |
NE] «[12 2.9000 -10.9700 11.3468

j j - Translate |
A b Total weight= 2.2773 MN = 232.216 1

p=| 0.1898 0.1898  |MN Copy
=| 1.2500 1.2500 |MPa

= 02198 02198 |m Exit |

Figure 39 : Display in the X0Y plane of the loads and observation profiles
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6.1.4.2. 3D Surfaces

It is possible to display the 3D graphs of the various parameters according to the X or Y coordinates. To do
so, proceed as follows:

e Click on "3D Surfaces",

e Choose the parameter to be displayed,

e Click on "OK",

e A window with the 2D surface representation of the selected parameter opens,

e To have a 3D representation, check the "3D Drawing" box (Figure 40).

Alize-Lepc - 2D and 3D of the results - X

213
8073826

Parameters to draw ? e
Deflection EE
2D Profiles | Epsil i 6004046
I 3D surfaces 4969156
107
Save [~ Grid: visible = 3934267
[~ Inverted sign
See loading 2899377
I &
186 4487
Cancel

829397

-205292

] | [
1 45 89 133 177

EpsilonZZ-5-Sup XXand YY axis: Drawing configuration: right button/mouse
& 2Dsurface (3D drawing 1 graduation=0.050 m Parameter ? ||| Blsplayuntia ]  Exit

Alize-Lepe - 2D and 3D visualization of the mechanical computatigh results — x

8073926

7038936

6004045

4960156

3934267

2800377

1864497

829597

20,5292

EpsilonZZ-5-5up XX and YY axis: Drawing configuration: right button/mouse

® LIS @ S U Lol DL Parameter ? | [ Dispiay units ; Exit

Figure 40. Display of 2D surfaces or 3D drawing
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To display the calculation grid, check the "Grid visible" box (Figure 41).

The "Units?" button gives more details about the units of the graph.

Parameters to draw ?

[ Grid: visible

[7 Inverted sign

Cancel

Alize-Lepe - 2D and 3D visualization of the mechanical computation results
Z (EpsilonZZ-5-Sup)
802.1191
6002201
06 4500
403 A289
3007028
g7 p6e7
1851387
823086
S0 5215
45
E psilonZZ-5-5up XX and YY axis: Drawing
" 2Dsurface ¥ 3Ddrawing i AR = Parameter ? | |¢ Displayunits 3| Exit

Figure 41. Display of 3D drawings with visible grid

6.7.4.3. Save

The "Save" button saves some data.
A window is displayed when the "Save" button is clicked. In this window there is a list of parameters (those
obtained by clicking on "Detailed results" in the graph display window). To save some of these settings

(Figure 42):

e Select the parameters to be save,
e Then click on the "Save" button,

e By default, the results are saved as: "D:/User name /Alize-Lcpc my files / Unnamed calculations,
e The file name is: Alize-Airfield- "Parameter Name" - "Layer No." —XoY,
e The extension is .gri (can be opened as a text file).
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If the user has saved the structure on which the calculations were made, the files are automatically saved in
the same directory (same filename).

Alize-Lepe - Airfield pavement module, detailled results - x
BOEING B 777 200 (Mrw=248.1t) - M= 247.5t - EpsilonZ Sup5 (calcul. 4/4) Variants 1: Duration 00:04sec
thick. modulus Poisson Zcalcul
(m) (MPa) ratio (m)
0.060  11000.0 0.350
bonded
0180 90000 0.350 EOFELE
bonded
0250 600.0 0350 30 surfaces
bonded
0.250  240.0 0.350
bonded
infinite  80.0 0350 0.740 EpsilonZ
Alize-lcpe - Grid computation, saving on file of the results
fite (s):
€l JUnnamed calculations Alize-Airfield-k.gri
] Del |
eflection
f .
vl xx
Bemimzs Choosing the
[ EpsiD-5-Sup tt . t
] SigmazZ-5-Sup
[ Pmoy-5-Sup setu ngs 0 save
] Qdev-5Sup
s
Cancel save
Alize-Icpe - Grid computation, saving on file of the results ¥ | Alize-lcpe - Gfid computation, saving on file of the results X
X File(s) used for storage of the computation results:
y If Storage of Grid computation results on output file: finished - ChUsers\PRoure\DocumentsiAlize-Lepe my files\Unnamed
= calculations\Alize- Airfield-EpsilonZZ-5-Sup-XoY.gri
Default path

Figure 42. Recording results

6.1.4.4. See loading

By clicking on the button "See loading ", the same window as described in the Figure 39 is displayed.

Alize-Lepe - Drawing of loads and computation points in XoY plane — X
x= 16414
12.00 y= 11722
10.00
8.00
6.00 iy Gy fhe
1 &5 s
4.00
Scales ?
2.00
0.00
12..
-2.00
. loads
400 ‘LT Ja=
computation pts
@7 Go @ . .
Show nbrs ...
-6.00
w3 910 #1p & o
o ¥ comput. pts

16.00 20.00 24.00 28.00 32.00 36.00 Symetries ? |

Load n° Load n* Dx (m) Dy (m} D {m} Remove |
o1 <12 2.9000 -10.9700 11.3468

:I :I . Translate |
= = Total weight= 2.2773 MN = 232.216 t

p=| 0.1338 01898 |MN Copy
Q= 12500 12500 |MPa

R=| 0.2198 02188 |m Exit |
Figure 39 : Display in the X0Y plane of the loads and observation profiles
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6.1.5. Maximum damage
When you click on the "Max Damage" button a window is displayed (Figure 43) with a table.
All the parameters in this table are explained on the Figure 50.
From left to right, the columns give the following values :
e Name of the aircraft
e Cumulative number of passages of aircraft Type of damage criterion €r or €z and layer number
concerned
e Value of coefficients Kc or A
e &t or &z allowable value calculated for N=cumulative number of passages of the specified aircraft
(=Va)
e Eror & maximum value field created by the aircraft at level Z defined by the damage criterion

e Equivalent value = value of the equivalent single stress €r or €z in terms of damage, during the
passage of the complete aircraft (=Ve) with and without wander

e Maximum damage Dmax created by the specified aircraft regarding the damage criterion with and
without wander Dmax=(Ve/Va)-1/b

e Individual contribution of the aircraft to the maximum cumulative damage value with and without

wander
Alize-Lepe - Airfield pavement, Computation results : Damages= f(YY]) - computation 4/4 - Mode Precis+ - X
-AIRBUS A 300 B2 - EpsilonT Inf2
0.00000 0.00800 0.01600 0.02400 0.03200 0.04000 0.04800
Damage 2-BOEING B 777 200 - EpsilonT Inf2...
11.00
1-AIRBUS A 300 B2 - EpsilonZ Sups...
2-BOEING B 777 200 - EpsilonZ Sup5...
10.00
9.00
8.00
%
l Rl
— Summary: maximum damages - Mode Precis
MName of Nbre Damage Ke  Allowable Maximum Eg. value Maximum damage .umulated damage contributio
the aircraft passes criterion orA value value Mo wander. | Wandering | Mo wander. | Wandering | No wander. Wandering
1 | A300 B2 (Mrw=142.9t) - M= 142| 35 500 EpT-inf2 | 2.000 298.3 170.9 195.8 160.7 0122 0.045 0.025 0.044
2 |BT777 200 (Mrw=248.1t) - M=24| 35500 EpT-inf2 | 2.000 298.3 177.3 2177 160.3 0.207 0.045 0.205 0.043
Cumulated damages 73 000 EpT-inf2 2224 183.2 0.231 0.087
1 |A300B2 (Mrw=142.5t) - M= 142| 35500 | EpZ-supS | 16000| 1553.4 731 203.9 713.4 0.051 0.030 0.051 0.022
2 |BT77 200 (Mrw=248.1t)- M=24| 35500 | EpZ-supS | 16000 | 1553.4 207.4 2427 769.5 0.064 0.042 0.064 0.040
Cumulated damages 73 000 EpZ-sups 961.0 855.4 0.115 0.068
Caution : the above values take due account of the Ke=f{RseW) dependency
RseR |
2.00 &
1.00
0.00
Vertical axis = transversal distance from the runway centerline {m)
Duration 00:11sec X=-0.0022 Y=10.7403

Figure 43. Summary table of maximum damage
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6.1.6. Recording results

The "Save" button provides the document presented on the Figure 44.

By default, the file name is: Alizé-Airfield001.res (can be opened as a text file)

By default, the results are saved as: "D:/User name /Alize-Lcpc my files / Unnamed calculations”. If the user
has saved the structure, the files are automatically saved in the same folder (same filename).

The recorded document is a summary table of the results presenting:
e Areminder of the structure
e Areminder of the modules of the layers
e Areminder of the parameters
A reminder of the project traffic, wander, speed and equivalent temperature
e A table with (same values as the table obtained by clicking on "Maximum damage"):
o The name of the aircraft
o Cumulative number of passages of aircraft

Type of damage criterion €7 or €z and layer number concerned
Value of coefficients Kc or A

o &t or &z allowable value calculated for N=cumulative number of passages of the aircraft
(=Va)

o €7 or & maximum value field created by the aircraft at level Z defined by the damage
criterion

Equivalent value = value of the equivalent single stress €r or €z in terms of damage, during
the passage of the complete aircraft (=Ve) with and without wander

o Maximum damage Dmax created by the aircraft regarding the damage criterion with and
without wander Dmax=(Ve/Va)-1/b

o Individual contribution of the aircraft to the cumulative damage maximum value with and
without wander

e A table with the damage with wander for €7 or €z, for each aircraft and the cumulative damage

A table with the damage without wander for €t or €z, for each aircraft and the cumulative damage

] Alize-Airfield001.res - Bloc-notes - o X

Fichier Edition Format Affichage 7

llize-Lepe - Airfield pavement module A

24/10/2017 at 18:32:19

unities: m, MN, MPa and associated. Deformations in pstrain

Structure data

Titre: AC flexible pavement - ML template

Layer no H(m)  E(MPa) Nu Interface inf material Criterion .

T o (e 035 bonded eb-bines A reminder of the structure

2 ©.180 f(T,F) ©.35  bonded eb-gb3 EpsilonT-inf

3 8.250 600.0 8.35 bonded gntl

4 ©.258 240.8 ©.35  bonded gntl

5 infini 80.8  ©.35 pfags  EpsilonZ-sup

E modulus

Layer no Aircraftl Aircraft2

1 11000.0 11000.0 4

D e e A reminder of the modules of the layers
S mo swe

i o a0

5 B8e.e B8e.e

Fatigue parameters R

Layer no criterion Risk (%) Epsi6/A slope-1/b SH sn Kr 1/ks ke A d f h

2 Cepsitonrine S0 8e s oes e e7a 10 13 reminder of the parameters

5 EpsilonZ-sup 16008  -0.222

Titre: no title : > :

Weight(t) Cumulated traffic wWandering(m)  Speed(km/h) Teta(®C) A re 'Inder Of the prOJeCt trafflc, Wander,

1-ATRBUS A 300 B2 (Mrw=142.9t) - G4 142.900 36 500 1.50  100.0 15

2-BOEING B 777 200 (Mrw=248.1t) - G5 247.56@ 36 580 1.58 100.0 15 3

(Hr-248.18) sneed and earniivalent temneratiire

Synthesis: maximum damages
Name of Damage Kc Allowable Maximum Eq. value Eq. value Maximum damage Maximum damage Cumulated damage contribui
the aircraft criterion or A value value No wander Wandering No wander Wandering No wander
1-A 380 B2 (Mrw=142.9t) - M= 142.9t EpT-inf2 2.000 298.3 170.9 195.8 160.7 8.122 8.045 8.025 2.044
2-8 777 200 (Mru=248.1t) - M= 247.5t  EpT-inf2 2.e68 208.3 177.3 217.7 166.3 ©.207 ©.845 ©.205 ©0.843
Cumulated damages EpT-inf2 222.4 183.2 8.231 8.087
1-A 300 B2 (Mrw=142.9t) - M= 142.9t EpZ-sup5 16008 1553.4 773.1 83.9 713.4 ©.051 ©.038 ©.051 ©.028
2-B 777 200 (Mrw=248.1t) - M= 247.5t  EpZ-sups 16608 1553.4 807.4 842.7 769.5 ©0.864 ©0.042 0.064 0.048
Cumulated damages EpZ-sup5 961.8 855.4 ©.115 ©.068
Damage D(X) with wandering:
Xtransv 1-A 3e@ B2 2-B 777 200 Cumulated damages 1-A 300 B2 2-B 777 200 Cumulated damages
o.000  0.0000 ©.0000 ©0.0000 0.0020 00065 0.0000
o.050 o000 0.0000 00008 0.0020 00000 ©.0000
©.106 ©.0860 ©.0080 ©.0060 ©.0000 ©.0800 ©.0000 D m 1 h d bl b l — 3 h d f
9.150 ©.0000 ©.0000 ©.0000 ©.0000 ©.0000 ©.0000 a age W]t Wan er ta e e OW - W]t Out Wan er Or
o200 ©.0000 00000 ©.0008 0.0000 00005 00060
g

&7 for aircraft 1, aircraft 2, dcymutative, Same for €z

Figure 44. Summary table of results
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6.2. Iterative calculation

As previously stated, the iterative calculation mode carry out a succession of calculations by varying the
thickness of a layer until the maximum cumulative damage with wander equal to 1 is obtained.

According to the user choice, both the thickness of the base course (GB, EME) and subbase course (UGA)
can be adjusted,

6.2.1. Choice of layer to be adjusted

The layer on which the iterations are carried out is indicated by the red colour of its "thickness" box (Figure
45).

To modify the layer on which the iterations are made, simply double-click on the "thickness" box of the
chosen layer. Then, the thickness of the layer to be adjusted becomes red.

Note: the calculation times will be increasingly shorter as the initial model structure (after modifications)
approaches the solution of the design problem to be solved.

Principle of resolution: the thickness of the layer is determined by dichotomy on the basis of a semi-
logarithmic Damage vs Thickness relationship of the layer to be adjusted.

Alize-Lepe - Airfield pavement module, Input data — *

File Pavementstructure  Aircraft traffic ~ Other traffic data ~ Material library  Alize computation  Customize Alize  Other Module 7

- Display the pavement structure

Titre : AC flexible pavement - Mf1 template

“;:ﬁ'l‘ m::f Nu M:;‘:ia' Desian FI{;:IK Epf:g’o‘:’A b SH SN Kr  1Ks 1Kd Ke
006 | 4| »[ ®TF [0.350] eb-bbme3
: : : 018 | 4| »| fIT,F) |0.350| eb-gb3 EpsilonT-inf | 4 | ." 5.0| 90 | 5 |u.025| 0.3 |0.?44| 1.0 | |=(RseR]|
0.25 || ¢ | »| 6000 [0.350 gnt1
bonded 0.25 2400 | 0.350 gnt1
Eosae infinite 80.0 | 0.350 pf2gs EpsilonZ-sup m
Hgnt= 0.500 m Gnt1/Gnt1
K Details Modify the structure

Iterations on the UGA laver

Iterations on the GB3 laver

Alize-Lepe - Airfield pavement modyfe, Input data — X
File Pavementstructure  Aircraft tgfffic  Other traffic data ~ Material library  Alize computation  Customize Alize Other Module 7

- Display the pavement structure

Titre © AC flexible pavement - Jif1 template

thick. Young Material Design Risk Sighor
(m) (Mpa) MU type criterion (%) T P ElOEL & ke ] LB
0.06 v[ fT.F) [0350] eb-bbme3
bonded - - - ;
045 M4 | »| fT,F) |0.350| eb-gb3 EpsilonT-inf | ¢ | .|| 50 | 90 ‘ 5 | u‘uzs| 0.3 | n.ru‘ 1.0 | |'(RseR_| |
posaed 025 | «| »| 6000 |0.350 ant1
bonded
nde 0.25 2400|0350 antl
bonded — - Hinite 800 |0350|  pr2gs EpsilonZ_sup [ te000 [0z22)
Hgnt= 0.500 m Gnt1/Gnt1

K Details Modify the structure

Figure 45. Choice of layer to be adjusted
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6.2.2. Launching the calculations

In order to illustrate the calculation procedure according to the "lterative calculation” mode, project traffic

with five aircraft is provided:

An Airbus A300 B2

An Airbus A310 200
An Airbus A320 100
An Airbus A330 200
An Airbus A340 200

The selected traffic settings are the default settings (36,500 cumulative movements). The calculations will be
carried out in order to optimise the UGA layer thickness.

The calculations can be launched from the main menu bar by selecting "Alizé calculation" then "lterative
calculation" (Figure 46).

File

Title:

Pavement structure

Aircraft traffic

- Other traffic data, design life, wandering and frequency

Alize-Lepe - Airfield pavement module, Input data

Other traffic data

Material library = Alize computation

Customize Alize

Single computation

Iterative computation

Other Module

?

Temperature ~L

Aircraft Weight Aircraft passes Cumulated Wandering=  Speed
of the traffic mix (th Number Units Ta(%) traffic 2ZxStanDevi(m) (km/h) TetaEg
1-AIRBUS A 300 B2 (Mrw=142.9t) - G4 Mrw | 142900 36500 Cumulated 1] 36 500 1.50 100.0 15
[2-AIRBUS A 310 200 (Mrw=144.9t) - G4 Mrw | 144,900 36500 Cumulated 1] 36 500 1.50 100.0 15
I3-AIRBUS A 320 100 (Mrw=68.4t) - G3 Mrw 68.400 36500 Cumulated 0 36 500 1.50 100.0 15
4-AIRBUS A 330 200 (Mrw=233.9t) - G5 Mrw | 233.900 36500 Cumulated 1] 36 500 1.50 100.0 15
I5-AIRBUS A 340 200 (Mrw=275.9t) - G5 Mrw | 275900 36500 Cumulated 1] 36 500 1.50 100.0 15

Precis+ | |

Quit Alize

Figure 46. Launching the calculations in "lterative calculation" mode
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6. Calculations

6.2.3. Calculation results

Once the calculations are finished, a "Calculation results" window opens (Figure 47).

File Pavement structure

I Display the pavement structure
Titre : AC flexible pavement - Mi1 template

thick.
(m)

Alize-Lepe - Airfield paverment module, Input data

Aircraft traffic ~ Other traffic data  Matenial library  Alize computation  Customize Alize

— *

Other Module 7

Young N Material Design Risk Sig6 or b
(MPa) u type criterion (%) Epsi6 or A

0.06 | 4|

f(T,F) |0.350] eb-bbme3

SH SH

Kr 1Ks  1/Kd Kc

0.18 4

f(TF) |0.350| eb-gh3 EpsilonT-inf ‘|>|| 5.u| 90 | 5 |u.025| 0.3 |u.?44| 1.u| |ﬂRseR]|

0.07 | 4

600.0 0.350 gnti

0.25

240.0 0.350 ant1

infinite

80.0 | 0.350 pf2gs EpsilonZ-sup 16000 m

Hgnt= 0.317 m

— Alize-Lepc - Airfield pavement module, computation results

Nbltter= 3 - Mode Fast
Dt=00:16 =
Pavement structure :

Precis+

Help |

Geb-bbme3@11000MPa
18eb-gb3@B000MPa
Tont1 @500MPa
25gnt1 @240MPa
pf@30MPa
Criteria :
EpsT-infZ et EpsZ-sups
Traffic mix :
AIRBUS 4300 B2 (Mrw=142.8t) - M= 142.5t
AIRBUS A 310 200 (Mrw=144.9t) - M= 144 5t
AIRBUS A320 100 (Mrw=58.4t) - M= 68 .4t
AIRBUS A 330 200 (Mrw=233.9t) - M= 233.5t
AIRBUS A 340 200 (Mrw=275.9t) - M= 275.5t
Coefficient Kc= 2.000 (eb-gb3) et Kc'= 2.000
Rational equivalent single wheel ResW= 35.42 t (R= 0.2000 m, Dgb}
Computation results :

Convergence obtained
Uga thickness= 0317 m
Damages CritR1 CritR2
Mo wander. 2233 0.918

With wander. 1.000 0.524

| Modify the structure

Clear the list ClipBoard Details

Exi'tl

Quit Alize |

Figure 47. Results of calculations: iterations on the thickness of UGA
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6. Calculations

The initial 25 cm layer of UGA has been reduced to 6.6 cm. The total thickness of UGA is therefore 31.6cm.
Damage values are shown in the “Calculation Results" window (Figure 48).
In this window, various items of information are available:
e The pavement structure is recalled
e The composition of the project traffic is recalled
e The two design criteria are recalled
e The accuracy of calculation is indicated
e The value of the ESwL calculation is indicated
e The value of the coefficient Kc deducted from the calculation of the ESwL is given
e There is an indication of the (non) convergence of the calculation
e The final UGA thickness is indicated
e Damage values for both criteria, with and without wander are shown

In this example, the value of the cumulative damage with wander at the top of the UGA layer is effectively
equal to 1. The horizontal strain at the bottom of the asphaltic layers is the design criterion.

Precision of calculation

— Alize-Lcpec -AAmodule, comp ion results

Nblter= 1— Mode Fast I -
Dt= 001158

Pavement structure :
Geb-bbme3@11000MPa

Pavement 18eb-gb3@9000MPa
Tant1 @E00MP:
structure zggnn @24ur.|:a
e B R S —

Criteria :

Epernz et Epszsups |REMINder of the 2 design criteria
T

ARBUS A 300 B2 (Mrw=142.9t) - M= 142.9t

ARBUS A 310 200 (Mrw=1449t) - M= 144 5t iti 3 i
ARBUS A 320 100 (Mrw=68.4t) - M= 68 4t COITIpOS]t]OI’] of the pl"OJeCt traffic
ARBUS A330 200 (Mrw=233.9t) - M= 233 5t

ARBUS A 340 200 (Mrw=275.9t) - M= 275 8t

Coefficient Kc= 2.000 (eb-gb3) et Kc'= 2.000
KC Value (7 Rational equivalent single wheel Res\W= 35.42 t (R= 0.2000 m, Dgb)

Computation results :
RsesW

| Codef= 2 : Convergence obtained
. = Uga thickness=0.317 m
calculation Damages : CritR1  CritR2
No wander. 2233 0918
Result. Uga With wander. 1.000 0.524 h
th]CkneSS Clear }Est ClipBgard Details \ Exit

Convergence of calculation

Uga layer  Bituminous
damage layer damage

Figure 48 : Calculation results
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6.2.4. Other results

Below the results window, there are four buttons. The

Figure 49 indicates the role of these buttons.

Clear the contents of the
results window

- Summary: maximum damages - Mode Fast

"Copy" the results window

‘ Clear the Iistl ClipBoard | Details |

e

&

™\

Close the results window

Name of Nbre Damage Kc  Allowable Maximum Eq. value Maximum di g Cumulated d; ge contribution
the aircraft passes criterion orAa walue wvalue No wander. Wandering Mo wander. Wandering Mo wander. Wandering
1 |A300 B2 (Mrw=142.5t)- M=142| 35500 | EpT-inf2 | 2.000 | 298.3 2046 23359 192.8 0.296 0.113 <0.001 0111
2 |A310 200 (Mrw=144 5t) - M= 14| 36 500 EpT-inf2 | 2.000 298.3 206.3 236.0 183.1 0.310 0.114 =0.001 0112
3 |A320 100 (Mrw=68.4t)- M=68+ 35500 | EpT-inf2 | 2.000 | 298.3 21486 2148 181.8 0.193 0.084 <0.001 0.034
4 | A330 200 (Mrw=233.9t)- M= 23| 36500 EpT-inf2 | 2.000 298.3 266.4 3058 246.9 1.132 0.389 1.132 0.378
5 | A340 200 (Mrw=275.5t)- M= 27| 38 500 EpT-inf2 | 2.000 298.3 264.8 304.0 2453 1.099 0.376 1.099 0.366
Cumulated damages 182 500 EpT-inf2 350.3 2933 2.233 1.000
1 |A300B2 (Mrw=142.5t) - M= 142| 36500 | EpZ-sup5 | 16000 | 1553.4 509.8 5981.8 B869.9 0.127 0.073 0117 0.072 =
2 |A310200 (Mrw=144.5t)- M= 14| 36500 | EpZ-sup5 | 16000 | 1553.4 899.4 §73.7 B865.1 0122 0.072 0.109 0.070
3 |A320 100 (Mrw=563.4t)- M=68.¢) 36500 | EpZ-sup5 | 16000 | 1553.4 7272 T2 647.5 0.033 0.019 0.002 0.008
4 |A330 200 (Mrw=233.5t)- M=23| 36500 | EpZ-sup5 | 16000 | 1553.4 1071.2 12344 1087.7 0.355 0.201 0.353 0.193
5 |A340200 (Mrw=275.5t)- M=27| 36500 | EpZ-sup5 | 16000 | 1553.4 1060.8 12225 1075.5 0.340 0.191 0.335 0.183
Cumulated damages 182 500 | EpZ-sup5 1524.1 1346.1 0.918 0.524
Caution : the above values take due account of the Kc=f(RseW) dependency Exit |

Precis+

Quit Alize |

Figure 49. Other calculation results

GB calculations UGA calculation
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The different values indicated in the table that is displayed when the "Details" button is clicked are
explained on the Figure 50.

Individual contribution of the aircraft in
question to the maximum value of cumulative
damage with and without wander

)

I» Summary: maximum damages - Mode Fast -, |
‘ Name of Nbre Dramage Kc  Allowable Maximum Eq. value Maximum damage Cumulated damage contribution
the aircraft passes criterion orA value value No wander. Wandering Mo wander. Wandering No wander. Wandering
Name of aircra 1 |
Maximum damage Dmax
Cumulative number created by the aircraft in
of passages of question with regard to the
aircraft no. j damage criterion in question
v with and without wander
Type of damage Dmax=(Ve/Va) /P

criterion €1 or €z and

layer number
nnnnnnnn A

v \ 4
Value of coefficients Kc or A Value of the equivalent single stress
v €7 or &z in terms of damage, during
Permissible €7 or &; value the passage of the complete aircraft
calculated for N=cumulative (=Ve) with and without wander
number of passages of the
Aircraft in Aniactian (=\/a) v

Maximum value of the &g or g; field
created by the aircraft at the level
defined by the damage criterion

Figure 50. The different values calculated in the "Details" table
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6.3. Calculation details

6.3.1. "+Accurate” button

At the bottom left of the main window ("Pavement structure" or "Aircraft traffic" or "Other traffic data"
window) is a button labelled "+Accurate" (Figure 51).

This button is used to choose the precision of the calculation grid, which defines the size of the mesh and
then the calculation points.

Alize-Lepc - Airfield pavement module, Input data - X

File Pavementstructure Aircraft traffic ~ Other traffic data  Material library ~ Alize computation  Customize Alize  Other Module 7

r Aircraft of the traffic mix
Title:
Aircraft data base: C:\Program Files (x86)\Alize-Lcpc Routes\ficav2016-10-13.bda
" Scan the Adb + Manufactureritype " Display wheel axis Mrw=242.11t Mtow=247 50t Miw=201.80t Mroues=262.58t
BOEING ~lsr7 || 200 (Mrw-248.1) j G5 j
BOEING B 777 200 (Mrw=248.1t) - Mww=19.40t (921296)  Radius, weights, contact pressures and distances
Wheel 1 Wheel 14
d 0.182m ﬂ 0.220 m Dx= 27.3300 m
B3 5 @7 1490t 19.40 ¢ Dy=-6.5750 m
j 1.410 MPa j 1.250 MPa D= 28.1098 m
100 @2 @+ O — Traffic mix
' 1-BOEING B 777 200 (Mrw=248.1t) - G5
0.00-
_4.00-
@y @u &
10 12 1
-8.00 |
18.00 22.00 26.00 30.00 34.00
[~ iDisplay the nose gear ! To add this aircraft to traffic mix : —) Click on the red arrow

Figure 51. +Accurate mode
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6.3.2. The various possibilities

By clicking on the "+Accurate" button, 4 choices are possible (Figure 52):

e +Accurate

e +AccurateF

e AverageAccuracy
e Fast

Help |

Alize-Lepe - Airfield pavement module, Input data - >
File Pavement structure  Aircraft traffic  Other traffic data ~ Material library  Alize computation  Customnize Alize  Other Module 7
- Display the pavement structure
Titre: AC flexible pavement - Mf1 template
thick. Young Material Design Risk Sig6 or ~
(m) (MPa) Nu type criterion (%) Epsi6 or A 1i 5H SN Kr 1iKs  1/Kd Kt
006 | 4| »] fTF) [0.350] eb-bbme3
bonded . .
048 | 4| »| fT,F [0350] ebgb3 EpsilonT-inf ﬂﬂ| 5.0 | a0 | 5 | 0.025 | 0.3 | 0.744 | 1.0 | | f(RseR) |
TETEEE 0.25 | ¢| »| 600.0 [0.350 gnt1
TR 0.5 2400 | 0.350 gnti
bonded — :
infinite 80.0 0.350 pf2qs EpsilonZ-sup 16000 m
Hgnt= 0.500 m Gnt1/Gnt1
K Details Modify the structure
—

Figure 52. Adjusting the calculation grid
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6. Calculations

For each possibility, the setting of the calculation grid is different. The settings are as follows:

+Accurate: Maximum density mesh: The settings of the calculation mesh are defined by the
default values of the "Preferences” menu. This option guaranteeing a high level of accuracy
of the results and should be used to finalise the design.

+AccurateF: "Forced” maximum density mesh: Same as "+Accurate”. In addition, when the
"iterative calculation” mode is selected, automatic switch-over to the "Fast" option is
prevented.

AverageAccuracy: Medium Density mesh: This option is reserved for program debugging (do not
use).

Fast: Optimised Medium Density mesh: This option significantly reduces calculation times in a ratio
between 5 and 8 relative to the +Accurate setting. In the majority of cases, calculations using the
"Fast" option are sufficiently accurate. It can therefore be advantageously used in the pre-design
phase. At the end of a design calculation using this option, it is advisable to check it by returning to
the "+Accurate" option.

The settings of the calculation mesh (spacing of calculation points Ax and Ay, and total dimensions of the
mesh) are given in Erreur ! Source du renvoi introuvable..

Spacing AX Spacing AY Width Lyy
+AccurateF 0.05m 0.05m 0.5.Lya + max[1.50m; 30]
AverageAccuracy | 0.05m 0.125m 0.5.Lya + max[1.25m; 1.75¢]
Fast 0.10m 0.25m 0.5.Lya + max[1m; 1.250]

Where, Lya is the width of the landing gear
c is the standard deviation of the lateral wander
Lyy is the total width of the grid along the y-axis.

By default, the option chosen in the "lterative calculation" mode is the "Fast" setting.
The terms of the "Fast" option are:

In "iterative calculation” mode, automatic switch-over to the "Fast" option unless the "+AccurateF"
option was selected before the calculations were started.
Discrepancy between "+Accurate” and "Fast" results: approximately £0.2% on damage with wander

(i.,e. £2 mm on the solution thicknesses), except in the case of wander <0.70 m (standard deviation
<0.35m)

For calculations with wander <0.70 m, select "+AccurateF"
In the finalised design phase:
o proceed with a pre-design with the settings above,
o starting from this pre-design, launch a final check calculation with the "+AccurateF" setting
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6.3.3. Example

An example of the calculation has been carried out, with the traffic used previously:

e An Airbus A300 B2

e An Airbus A310 200
e An Airbus A320 100
e An Airbus A330 200
e An Airbus A340 200

The selected traffic settings are the default settings. The calculations purpose will optimised the UGA layer.
The calculations will be carried out in order to optimise the UGA layer thickness
The Figure 53 presents the results obtained with a calculation carried on in "Fast" mode and another
realised in "+accurate" mode. The UGA thicknesses obtained are respectively 31.7 cm and 32 cm.

— Alize-Lepe - Airfield pavement module, computation results

— Alize-Lcpc - Airfield pavement module, computation results

Mblter= 1 - Mode Precis+F
Ot=00:27 =
Pavement structure :
Geb-bbme3@11000MPa
18eb-gb3@2000MPa
Tont1@500MPa
25gnt1@240MPa
pf@aiMPa
Criteria :
EpsT-infZ et EpsZ-sups
Traffic mix :
AIRBUS 4300 B2 (Mrw=142.8t) - M= 142.5t
AIRBUS & 310 200 (Mrw=144.8t) - M= 144 5t
AIRBUS A 320 100 (Mrw=58.41) - M= 68.4t
AIRBUS A 330 200 (Mrw=233.9t) - M= 233.5t
AIRBUS A& 340 200 (Mrw=275.8t) - M= 275.5t
Coefficient Kc= 2.000 (eb-gb3) et Kc'= 2.000
Rational equivalent single wheel ResW= 35.54 t (R= 0.2000 m, Dgb)
Computation results ;
CodeF= 2 : Copuiaeg

320 m

Nblter= 3 - Mode Fast
Dt=00:16 s
Pavement structure :
Geb-bbme3@11000MPa
18eb-gb3@B000MPa
Tont1@E00MPa
25gnt1 @240MPa
pf@20MPa
Criteria :
EpsT-inf2 et EpsZ-sups
Traffic mix :
AIRBUS 4300 B2 (Mrw=142.8t) - M= 142.9t
AIRBUS A 310 200 (Mrw=144.5t) - M= 14459t
AIRBUS A 320 100 (Mrw=58.41) - M= 68 4t
AIRBUS A 330 200 (Mrw=233.5t) - M= 233.5t
AIRBUS A 340 200 (Mrw=275.9t) - M= 275.9t
Coefficient Kc= 2.000 (eb-gb3) et Kc'= 2.000
Rational equivalent gingle wheel ResW= 3542 t (R= 0.2000 m, Dgb}
Computation results

Uga thic
Damages : Damages : R
Mo wander.  2.423 0.921 Mo wander.  2.233 09138
With wander. 1.000 0.526 With wander. 1.000 0.524
Clear the list ClipBoard Details Exit Clear the list ClipBoard Details Exit
Figure 53. Results of calculations in "Fast" and "+AccurateF"
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6.4. Verification of the design of an apron

According to paragraph 3.2.4 of the design method (STAC, 2014), for the design of the aprons and waiting
areas a further calculation must be carried out in which the asphaltic layers should be modelled as an
unbound material, associated with a modulus of 800 MPa. The parameter K of the fatigue law of the

permanent deformation criterion of the platform is increased to 24,000 (instead of 16,000).

It is then necessary to check that the damage associated with this criterion remains less than 1 with the
same traffic assumptions as previously.

As indicated on the Figure 54, this is implemented by clicking on "File" in the main menu bar, then

"Structural data", then "Transpose: verification under static loads".

The structure is automatically modified to take into account the changes imposed by the rational design

method for flexible airfield pavements:
The modules of the asphalt mixes have a value equal to 800 MPa
The coefficient K is equal to 24,000

The design criterion is only €z
The calculation must be carried out as explained in paragraph 6.

v

Alize-Lepe - Airfield pavement module, Input data — *
File Pavementstructure  Aircraft traffic ~ Other traffic data ~ Material library  Alize computation  Customize Alize  Other Module 7
Structure data > Template flexible Mf1
Aircraft traffic data > I Transpose : static loading computation |
Open Structure file ;
Data bases ¥ P SIgBOT 4 SH SN Kr 1Ks 1Kd  Ke
Save as Epsi6 or A
Exit T
048 [ 4] »] fTF |0.350] ebgb3 EpsilonT-inf | 4 | ." 5.0| 90 | 5 |u.025| 0.3 |u.?44| 1.0 | |"(RseR]|
025 | 4% | 6000 |0.350 gntl
0.25 240.0 0.350 gnt1
infinite B0.0 | 0.350 pf2gs EpsilonZ-sup 16000 m
Hgnt= 0.500 m Gnt1/Gnt1
Memo-resulis | K Details Modify the structure

File Pavement structure

 Display the pavement structure

Aircraft traffic

Alize-Lepce - Airfield pavement module, Input data

Other traffic data

Material library ~ Alize computation

Customize Alize

- *
Other Module 7

Titre : AC flexible pavement - Mf1 template

thick. Young Material Design Risk
{m) MPa type criterion (%)
006 | 4| » 800 0.350 other

048 | 4| » 800 0.350 other

0.25 | 4% »| 6000 |0.350 gntd

0.25 240.0 0.350 gni1

infinite 80.0 0.350 pf2gs I EpsilonZ-sup

Hgnt= 0.500 m Gnt1/Gnt1

Sigh or
Epsif or A

[0 o]

Memo-results

-1ib

SH SN

K Details

Kr

1Ks  1/Kd Kc

Modify the structure

Figure 54. Design of aprons and waiting areas
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7. Nomenclatures of input and output files

The nomenclatures of the input and output files are specified in the Erreur! Source du renvoi i

ntrouvable..

Extension Default folder or location Type
.dat “Libraries\Documents" Structure Data
dap "Libraries\Documents" Aircraft traffic data
ficav2016-10-13.bda C:\Program Files\Alize-Lcpc Routes Aircraft database

C:\User name\Alize-Lcpc my

Alize-Airfield001 res files\Unnamed calculations

Results of damage calculations

Alize-Airfield- "Parameter C:\User name\Alize-Lcpc my
Name" - "Layer No." -XoY.gri files\Unnamed calculations

. A" "“\D Alize-L . .
"matuser.lib" €\ "User name\Documents\Alize-Lepc Materials Library

my-files\Libraries
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8. The different phases of a study

The different phases of a design study are shown in Figure 55.

Alizé-Aéronautique: Pavement design methodology

( N\
Launching the application
Alize-LCPC
G J
( N\
Opening the module
Alizé-Aéronautigue
G ’ J
( N\ ( 7\
Preloading a model structure: Defining project traffic: selecting aircraft in
Flexible " Mf1 " the Aircraft database
G J G ’ J
4 ) 4 N
Modification of the model structure: Other traffic data: Aircraft weights, number
] choice of materials characteristics, of passages, speeds, equivalent
platform bearing capacity, thickness pre- L temperatures )
Launching the calculations
2 modes to choose from:
Mode 1 | | Mode 2
( N\
Single calculation: no automatic iterations Iterative calculation: automatic iterations of
L on the thicknesses ) thickness — Damage=1
Editing results
( ‘ )
Single Calculation Mode: Damage After convergence of the iterative system,
Dmax<1 Dmax=1 the structure satisfies Dmax=1
(. J
p
L "Manual” End of the study, possible backup of Data
adjustments and Results
Figure 55. The different phases of a study
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9. "HELP" feature

Help is available at the bottom left of the structure window (Figure 56).

Alize-Lepe - Airfield pavement module, Input data - X
File Pavementstructure Aircrafttraffic ~ Othertraffic data ~ Material library  Alize computation  Custemize Alize  Other Module 7
- Display the pavement structure
Ttre:  AC flexible pavement - Mf{ template Alize-Lepe - Aifield pavment module - Help ... — >
thick. Young Material Design Risk . -
— Epaisseur minimale de couche de base
(m) (MPa) I type criterion (%) paj
0.06 4 » 800 0.350 other Cf. Guide techique DRCAS, § 3.3.3 et figure 16
bonded
018 | 4| »| 800 [0350 other .
bonded “faleur de ReeR (tonnes) ?
0.25 | 45| 6000 [0350 gnt1 )
bonded RseR=| 3554 | (=0.349 MN)
0.25 240.0 0.350 gnt1
bonded
infinite B80.0 0.350 pf2gs EpsilonZ-sup J’
Hgnt=0.500 m Gnt1/Gnt1 Epaisseur mini
Couche de base EB-GB2, GB3 et GB4 | 0.160m |
Me Couche de base EB-EME2 | 0120 m REInER,
Alize-Lepe - Aifield pavment module - Help according to the guides G..  — X
- Base course : minimum
GAN : Guide to the ion of on b mixtures
and surface dressings for airport pavements
(" Traffic classes and Stess levels
" Products usable for airport pavements - mean and minimum thicknesses
(" Bituminous products usable for wearing courses
" Bituminous products usable for binding layers
(" Bituminous products usable for base and foundation layers
Guide for the rational thickness design of flexible airport pavements Y
" Category of Untreated graded aggregates to use
" Computation Risk, Speed and lateral Wandering of airplanes, Equivalent temperature
fication for wating ang parking area
Help Quit Alize

Figure 56. "Help" feature

The Help feature is divided in two parts: one with excerpts from the GAN, and one with excerpts from

the design method for flexible airfield pavements.

The first part of the Help feature, with excerpts from the GAN, provides information on:

e C(lasses of traffic and stress levels

e Materials usable on aeronautical pavements (average and minimum thicknesses)

e asphalts that can be used for the wearing course

e asphalts that can be used for the binder course
Asphalts that can be used for the base course

The second part of the Help, with excerpts from the design method for flexible airfield pavements,

gives information on:

e The categories of UGA to be used

e The risk of calculations, the speed and wander of aircraft, the equivalent temperature

The GB and EME2 base courses: coefficient Kc [to obtain the value of Kc as a function of the
value of the ESwL]

The base course: minimum thickness [to obtain the value of the minimum thickness as a
function of the value of the ESwL]

The specific verification for aprons and waiting areas

Page 76

ALIZE-Aeronautique User Manual - version 1.5



10. Example of pavement design

lizé-Aéronautique



10. Example of pavement design

10.1. Example of runway design

This example comes from the rational design method of flexible airfield pavement technical guide.
It is simply illustrated with screen-shots of Alizé-aéronautique software. The text coming from the
guide is in purple.

10.1.1. Subgrade

The target bearing capacity of the project is PF2. In the calculation model, to determine the stresses in
the pavement, the subgrade module is the range lower value, namely 80 MPa.

Alize-Lepce - Airfield pavement module, Input data — *

File Pavementstructure Aircraft traffic ~ Othertraffic data ~ Material library ~ Alize computation  Customize Alize  Other Module 7

~ Display the paverment structure

Titre : AC flexible pavement - Mf1 template

“;::'I‘ m::;’ Nu Mf;:;‘a' Desian F:;‘I" E::Efo‘:’A b SH SN Kr  1Ks 1Kd Ko
0.06 | «| »[ f(TF) [0.350] eb-bbme3
::::: 0.18 % »| fITF) |0.350| eb-gb3 EpsilonT-inf <| ." 2.5| 90 | 5 |u.025| 0.3 | 0.703 | 1.0 | |=(RseR]|
0.25 | 4| »| 6000 |0.350 gnt1
SETIEL 0.25 2400 | 0350 gntt
bonded 15, finite [ 800 Jlo3s0| przas | Epsilonz-sup [ te000 [0222]
Hgnt= 0.500 m Gnt1/Gnt1
Memo-results | K Details Modify the structure

Figure 57 : Subgrade

10.1.2. Stress level (NS) determination

s Determining the "CTi" traffic class

The methodology for determining the traffic class is defined in the GAN. The application of this
methodology to the selected traffic results is detailed in table 40.

Aircraft in the project traffic "Group" F (mvts/d) Class of traffic
A340-200 5 1.27 CT4
B777-300 ER 5 1.73 CT4
A330-300 5 1.28 CT4
A320-200 JUM 3 4.70 CT2
A310-300 4 6.00 CT3

The traffic class of the selected project is the highest; it is therefore the CT4 traffic class.

*,

s Determining the stress level "NSi"

The traffic class defined previously is the CT4 class.
The climate chosen for the design is type 4, predominantly tropical, with an equivalent temperature:

=28°
Heq 8°C (corresponding to the specific case of French Guiana, see GDCAS, paragraph 3.1.4).

» The stress level is therefore NS4.
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10.1.3. Structure definition

®

% Choosing the surface layer

The choice of the surface layer (methodology detailed in the GAN [3]) depends on the "stress level"
defined on the basis of the class of traffic and the type of climate.
For the NS4 stress level and for the common part of the runways, the GAN recommends a single type
of product for the wearing course: EB-BBA 2 (application of paragraph 5.3 of GDCAS).
As a binder course (application of Table 13, paragraph 5.3), the two proposed products are EB-BBSG 1
or EB-BBME 1 (adding binder course is not recommended by the flexible pavement design guide).
For the rest of the study, it has been decided to retain as a surface layer only the wearing course made
with EB-BBA 2 material as a surface layer (no binder course). The working thickness is set at 6 cm.

% Base course
For the NS4 stress level and for the common part of the runways, the GAN means that either an EB-GB
3 product or an EB-EME 2 product is retained as the base course. For this example, the material for the
chosen base course is an EB-EME 2.

R/

< Pavement foundation

We have chosen to use a pavement foundation category 1 untreated graded aggregate.

R/

¢ Mechanical characteristics of materials

The mechanical characteristics of the materials selected for this example are given in Table 41. These
are the minimum conventional values. The values of the modules at different temperatures and
frequencies are derived from Tables 20 and 23 indicating the susceptibilities of the modules to
changes in temperature and frequency.

(¢} ¢} e} O,
Product E(15°C,10Hz) | E(10°C,10Hz)| E(28°C,10Hz) 86(10 C,25HZ) ﬂ —_1/b SN
(MPa) (MPa) (MPa) (udef)
EB-BBA 2 5,500 7,315 1,760 100 5 0.25
EB-EME 2 14,000 16,940 7,000 130 5 0.25

(1) Sh=1ife<10cm,Sh=1+03(-10)if 10cm<e< 15cm,Sh=25ife>15cm

As far as the untreated graded aggregate is concerned, it is subdivided (for the design) into sub-layers
0.25 m thick. The UGA 1 module is equal to 3 times the modulus of the underlying layer, until it does
not exceed the maximum limit value of 600 MPa. The modulus of the first subgrade will therefore be
equal to 80 MPa x 3=240 MPa, that of the second to 240 MPa x 3=720 MPa, limited to 600 MPa.
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As indicated on the Figure 59, it is necessary to start from the flexible structure model Mf1 and to
change the materials. To do so, double-click on the box of the material to be modified. A window with

Using Alize-Aeronautique: choice of pavement structure

The pavement structure should be defined by starting from the flexible structure model Mf1 and then
modifying it. To do so, go to the "File" tab of the main menu bar, then in "Structural data“, then

"Flexible model Mf1" (Figure 58).

File Pavement structure
Structure data
Aircraft traffic data

Data bases

Exit

b

»

»

Aircraft traffic

Alize-Lepe - Airfield pavemnent module, Input data

Other traffic data

Template flexible Mf1

Transpose : static loading computation

Open Structure file

Save as

Material library  Alize computation

Customize Alize

Other Module 7

thick.

~ Display the paverment structure

File Pavernent structure  Aircraft traffic

Alize-Lepce - Airfield pavernent module, Input data

Other traffic data

Material library ~ Alize computation

Customize Alize

- bt

Other Module 7

Titre : AC flexible pavement - Mf1 template

s Th‘;::f Nu M“;‘:ia' Desian FI{;:IK Epi%‘"’o‘:"‘ b SH SN Kr  1Ks 1Kd Kc
006 | 4 fT,F) |0.350| eb-bbme3
::::: 018 | 4 f(TF) |0.350| eb-gb3 EpsilonT-int <| »" 2.5| 90 | 5 |u.025| 0.3 |u.m| 1.0 | |=(RseR]|
0.25 | 4 6000 | 0.350 gntt
bonded 0.25 2400 | 0.350 gntd
A infintic 800 |0.350| pilgs EpsilonZ-sup [ 16000 [-0222]
Hgnt= 0.500 m Gnt1/Gnt1
Memo-results | K Details Meodify the structure

Figure 58. Obtaining the pavement structure model

e 18cm of EME2

e xcm of UGA1
e A PF2gs of 80 MPa

According to the example, the chosen pavement structure is:
e 6cm of BBA

the library of materials is displayed. Click on the material corresponding line.
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Alize-Lepce - Airfield pavernent module, Input data - X
File Pavernent structure  Aircraft traffic ~ Othertraffic data  Material library  Alize computation  Customize Alize  Other Module 7
~ Display the paverment structure
Titre : AC flexible pavement - Mf1 template
thick. Young Material Design Risk Sigh or b SH 5N K
- r 1Ks 1/Kd Ke
(m) (MPa) =T type criterion (%) Epsif or A
006 | 4| »| fTF |03 eb-bbme3
bonded - - - "
018 | 4| »| f(TF [0.350 eb-‘bS EpsilonT-inf ‘| ," 2.5| 90 | 5 |0.025| 0.3 | 0.703 | 1.0 | |'(RseR_||
bonded
0.25 | 4| »| 6000 |0.350 an
bonded
0.25 2400 [0.350 gnt‘
bonded —— -
infinite 800 | 0.350 prq‘ EpsilonZ-sup | 16000 |-u.222|
Hgnt=0.500 m Gnt1/Gn
Memo-results | K Details Modify the structure
1 }
Alize-Lche - Mechanical computation, material library - X
File Materidjtype Add-Remove
Standard matifrial library : according to NF P98. s :
o e Choose from the list the material used
= in the wearing course u
status me E(MPA) | Nu | Eg fc
system| e 1 5500 | 0.35 130 5 0.25 | stdard 12000 | 7315 | 3885 | 1300 [ 1000
system| el 5500 | 0.35 100 5 0.25 | stdard 12000 | 7315 [ 3685 | 1300 [ 1000
system|  eb-bba3 7000 [ 035 100 5 0.25 | stdard 13500 | 9310 [ 4590 [ 1800 [ 1000
system|  eb-bbsg1 5500 | 0.35 100 5 0.25 | stdard 12000 | 7315 [ 3885 | 1300 [ 1000
system|  eb-bbsg2 7000 [ 035 100 5 0.25 | stdard 13500 | 9310 [ 4590 [ 1800 [ 1000
system|  eb-bbsg3 7000 [ 0.35 100 5 0.25 | stdard 13500 | 9310 [ 4690 [ 1800 | 1000
system| eb-bbme1 9000 | 0.35 100 5 0.25 | stdard 15400 | 11970 [ 6030 [ 3000 | 1900
system| eb-bbme2 11000 | 035 100 5 0.25 | stdard 18200 | 14630 | 7370 [ 3800 | 2300
system| eb-bbme3 1000 | 035 100 5 0.25 | stdard 18200 | 14630 | 73r0 [ 3800 | 2300
system bbm 5500 | 0.35 [ i stdard 12000 | 7315 [ 3685 | 1300 | 1000
system bbtm 3000 [ 035 0 [ i stdard 7000 | 4200 | 1800 | 1000 | 800
system bbdr 3000 0.35 ! ] 1 stdard T000 4200 1800 1000 800
system acr, 5500 | 0.35 1 i i stdard 12000 | 7315 | 385 | 1300 | 1000
system eb-gb2 9000 | 0.35 80 5 0.3 | stdard 18300 | 11880 | 6120 | 2700 | 1000
system eb-gb3 9000 | 0.35 90 5 0.3 | stdard 18300 | 11880 | 6120 | 2700 | 1000
system eb-gb4 1000 | 035 100 5 0.3 | stdard 20000 | 14300 [ 7700 | 3500 | 1200
system| eb-eme1 14000 | 0.35 100 5 0.3 | stdard 24000 | 16940 | 11060 | 6000 | 3000
system| eb-eme2 14000 | 035 130 5 0.25 | stdard 24000 | 16940 | 11060 | 6000 | 3000
Enrobé& bitumineux aéronautigue bba d
Team o[ [ 55 | Fre o f 10z _Cavont | ok |

Figure 59. Selecting the material used as a wearing course

The same procedure should be done with the base course (UGA materials). The final pavement
structure is presented in Figure 60.

Alize-Lepe - Airfield paverment module, Input data — *

File Pavementstructure  Aircrafttraffic  Other traffic data  Material library  Alize computation  Customize Alize  Other Module 7

~ Display the pavement structure

Tire:  AC flexible pavement - Mf1 template

“;:ﬁ'l‘ m::f Nu Ml‘;t;ia' I F:;:J" Epﬂﬁf;’)\ b SH SN Kr  1Ks 1Kd Ke
0.06 | 4[] ®TF [035] ebbbaz
: : : 048 | 4| »| fTF) [035] ebeme2z | EpsilonT-inf <| >|| 2.5| 130.0 | 5.0 |u.uzs| 0.25 |u.m| 1.0 | |;(RseR||
0.25 | 4| »| 6000 |0.350 gnt1
bonded 0.25 2400 | 0.350 gnt1
bonded infinite 80.0 | 0.350 pf2gs EpsilonZ-sup m
Hgnt=0.500 m Gnt1/Gnt1
Memo-results | K Details | Meodify the structure

Figure 60. Pavement structure with selected materials

Damage calculations

Damage calculation is carried out at two levels in the pavement structure:
e at the bottom of the base course (EB-EME 2) - traction fatigue damage (criterion &)

e at the top of the subgrade - compression damage by permanent deformation (criterion €z).
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10.1.4. Layers thickness

Using Alizé-Aéronautique: modification of layer thicknesses

Before launching the calculations, the thicknesses must be changed. As indicated on the
Figure 61, click on the arrows to vary the thickness of the layers.

Alize-Lepe - Airfield pavement module, Input data — X

File Pavementstructure Aircrafttraffic ~ Othertraffic data ~ Material library  Alize computation  Customize Alize  Other Module 7

- Display the pa structure

Titre: AC flexible pavement - Mf1 template

“::'; “M"::;’ Nu “:‘;:;“' c?::f; ':;:;‘ E::%s:rrh Am SH SN Kr  1Ks UKd Kc
006 | «| [ fTF [035] eb-bbaz
:“ﬁ 012 | «| »| f(TF) | 035| ebemez | EpsilonT-inf |4 | ." 2.5| 130.0 | 5.0 |u.u1s| 0.25 |u.?55| 1.0 | |=[RseR]|
bo:ded 008f [«E || s000 0380 antt
0.25 0.350 gntt
bonded — o 80.0 m\puqs EpsilonZ-sup | 16000 |ru.222|

Hgnt=0.330 m GnN

For each layer, click on the arrows to obtain the
required thicknesses

Figure 61. Changing thicknesses

10.1.5. Risk

Project data on traffic

The calculation risk is assumed to be equal to 2.5% since the annual traffic class is greater than CT3
(recommendation in the guide, paragraph 3.1.1).

Using Alizé-Aéronautique: choice of risk

Once the flexible pavement structure model has been chosen, it is possible to choose the risk value. As
indicated on the Figure 62, click on the arrows until you get the wanted risk value.

Alize-Lepce - Airfield pavement module, Input data — *

File Pavementstructure Aircraft traffic ~ Othertraffic data ~ Material library ~ Alize computation  Customize Alize  Other Module 7

~ Display the pavement structure

Titre : AC flexible pavement - Mf1 template

thick. Young Material Design Risk Sigor
- Py Mo . critorion S Epaibora B SH SN Kr  4Ks 1Kd Kc
006 | 4| [ ®TF [0350] eb-bbme3
S —

018 | 4| »| f(T,F) |0.350| ebgb3 EpsilonT-inf | 4 | .l 2.5| 90 | 5 | 0.025| 0.3 | 0.703 | 1.0 | |=(RseR] |
025 | 4| »| 6000 [0.350 gntt
0.25 2400 | 0350 gntt
infinite 80.0 | 0.350 pf2gs EpsilonZ-sup | 16000 |.u.222|

Hgnt= 0.500 m Gnt1/Gnt1

Click on the arrows until you

obtain the right risk value || Modity the structure

Figure 62. Choice of risk value
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10.1.6. Traffic

Project data on traffic

Traffic characteristics

The information relating to aircraft likely to use the aeronautical pavement to be designed is grouped
in XX. The distinction is made between take-offs and landings: the weight and the number of
movements are specified for each of them. Note that a movement represents either a take-off or a

landing.

Table 3. Traffic retained for design

Maximum Cumulative
Aircraft in the | Maximum ramp landing weiaht Number of Number of |traffic per type
project traffic | weight Mrw (t) * 9 WeIgNt 4 ake-offs /year|landings /year | of aircraft (for
Miw (t) *
10 years)
A340-200 260 174.7 3154 182.6 4980
B777-300 ER 341 243.8 399 231 6300
A330-300 230 184.0 296.4 171.6 4680
A320-200 JUM 71 59.5 1086.8 629.2 17160
EMB 190 LR/AR 50.3 458 691.6 400.4 10920
B737-100 424 35.1 509.2 294.8 8040
AN124 392 319.5 22.8 13.2 360
B747-400 377.8 287.1 98.8 57.2 1560
Cargo
KC135 136.8 101.1 38 22 600
B707-320B 146.8 108.3 38 22 600
A310-300 157 125.6 1387 803 21900
CASAéyBZS_ 15.1 13.6 1387 803 21900

*: since the data are extracted from actual traffic, the weights are less than or equal to those of the "Ficav"
database, which indicates the Mrw and Mlw values recorded on the certificate of airworthiness.
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The calculation period is 10 years. Over this period, traffic growth is assumed to be zero. It is then
possible to calculate the number of cumulative passages of each aircraft over the calculation period.
The results are shown in Table 38, column "Cumulative traffic per type of aircraft (for 10 years)".

For each aircraft, the geometry of the landing gear and the loading conditions of the landing gear are
defined in the "Ficav" database of the STAC.

Since the list of aircraft using the runway is large, we propose to use the method described in
paragraph 3.1.2.3 of the GDCAS in order to reduce the number of aircraft taken into account in the
design.

We recall that this method takes into account, for each aircraft, the load on the largest wheel and

compares it with the largest load for all traffic. The coefficient ! calculated for each aircraft makes it

. . o . r.>1%
possible to consider the design aircraft in the case where ! .

Table 39 presents the results of the application of this method. Only five aircraft are therefore retained
in the remainder of the calculation (aircraft in green in Table 39).

Aircraft in the project traffic | T (in tonnes) n; P; r;
A340-200 27.42 4980 5.0%
B777-300ER 27.17 6300 6.4%
A330-300 27.93 4680 4.7%
A320-200 JUM 18.02 17160 17.3%
EMB190 LR/AR 11.98 10920 11.0%
B737-100 11.57 8040 8.1%
AN-124 19.31 360 0.4%
B747-400ER Cargo 24.23 1560 1.6%
B KC135 17.82 600 0.6%
B707-320B 17.55 600 0.6%
A310-300 19.51 21900 22.1%
CASA CN325-100 3.8 21900 22.1%

Pl ~ 2703 Mot = 99000

The track to be designed is considered as a section circulated at high speed. Thus, the speed of each
aircraft is set at 100 km/h (corresponding to a frequency of 10 Hz) and the lateral wander of each
aircraft is then characterised by a standard deviation of 0.75 m (see paragraph 3.1.3 of the guide).
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Using Alize-Aeronautique: Traffic definition

First, the aircraft should be chosen. In order to simplify this example, only the design-critical aircraft
will be selected.

To do so, go to the "Aircraft traffic" tab of the main menu bar.

The selection of the 1%t aircraft in the project traffic, an Airbus A340 B2, is detailed in Figure 63, Figure
64, Figure 65 and Figure 66.

Alize-Lepc - Airfield pavement module, Input data - X
File Pavement structure Other traffic data  Material library  Alize computation  Customize Alize  Other Module 7
Aircraft of the traffic mix

Tle:
Aircraft data base: C\Program Fles (x36)\Alize-Lcpc Routes)ficav2015-10-13 bda

(" Scan the Adb & Manufactureritype  Hirw=142.90t Ntow=142.00t Miv=136.00t Mroues=152.66¢
AIRBUS i3 _v|B2 (Mrw=142:31) ~|[ ] 2|
AIRB A e - Radius, weights, contact pressures and distances
PNV 142:9) - Mww=16.80t (17296)
lATR Wheel 1 Wheel 10
BOEING | 0182m .| 0202m  Dx=19.2985m
BOMBARDIER 945t 16.80t Dy=-6.5570 m
EMBRAER ) ossomea | 12s0mpa  p-200825m
FOKKER

ESEREAM, - Traffic mix

40
4 28
6
4,00 %
s °4
5,00
-2.00 200 £.00 10.00 14.00 18.00 2.00

[¥ Display the nose gear To add this aircraft to traffic mix: ——  Click on the red arrow

Figure 63. Selecting the of the first aircraft in the project traffic

Alize-Lepe - Airfield pavement module, Input data - 'Y
File Pavement structure [| Aircraft traffic_lf Othertraffic data ~ Material library  Alize computation  Customize Alize  Other Module 7
- Aircraft of the traffic mix
Title:
Arcraft data base: C/\Program Files (x85)\Alize-Lcpe Routes\ficav2016-10-13.bda
" Scan the Adb (3 Manufacturerftype  Mrw=275.90t Mtow=275.00t Miw=185.00t Mroues=287 57t
AIRBUS - A 340 | 200 (Mrw=275.31) ~eE 2
AIRBUS A 340 200 M[l> 218 (171296) r Radius, weights, contact pressures and distances
0 319
. s 320 Wheel 1 Wheel 12
s 321 o] 0491 m | 0246m Dx= 24.2350 m
330 1446 7421 Dy=-6.3955 m
A30 | = 1.210 MPa | qa30mPa Do 25.0547m
A 350
00 ' 380  Traffic mix
@3 Ps
o, Py
00- By
0.
7 P10
@5 P
@9 P12
8.00
~16.00
4.00 4.00 12.00 20.00 28.00
[ Display the nose gear To add this aircraft to traffic mix: ——3  Click on the red arrow
Help Quit Alize

Figure 64. Selecting the type of the first aircraft in the project traffic
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Alize-Lepe - Airfield pavement module, Input data - X
File Pavement structure Other traffic data ~ Material library ~ Alize computation  Customize Alize  Other Module 7
- Aircraft of the traffic mix
Title:
Aircraft data base: C:\Program Files (x36 \Alize-Lcpc Routes\ficav2016-10-13.bda
" Scan the Adb @ Manufactureritype Mrw=275.90t Mtow=275.00t Miw=185.00t Mroues=287.57t
AIRBUS ;lA 340 1%200 (Mrw=275.5t) vI G5 ll
- _ - — Radius, ights, contact and di: —
AT AIRBUS A 340 200 (Mrw=275.91) - Mww=27 42t 300 (Mrw=277.41) " P
500 (Mrw=381.21) Wheel 1 Wheel 12
500 (Mrw=381.21) o 0491 m | D.245m Dx=24.2350 m
1416t 2742t Dy=-6.3956 m
71 1.210 MPa Tl 1.420 MPa D= 25.0647 m
— Traffic mix
8.00-
®3 Pg
%3 Ps
0y
0.00-
t P10
®8 P
®9 P12
_8.00-
-16.00-
-4.00 4.00 12.00 20.00 28.00
|+ Display the nose gear To add this aircraft to traffic mix: % Click on the red arrow
Heip | Quit Alize

Figure 65. Selecting the model of the first aircraft in the project traffic

Alize-Lepe - Airfield pavement module, Input data — X
File Pavementstructure Aircrafttraffic =~ Other traffic data ~ Material library ~ Alize computation  Customize Alize  Other Module 7

r Aircraft of the traffic mix

Title:

Selecting the aircraft to add to the project traffic

s T -] 2|

0t Mtow=275.00t Miw=185.00t Mroues=287 57t

_ AIRBUS A 340 200 (Mrw=275¢) - Mww=27.42t (17/296) Radis, wei contact pi and dist: —
i Wheel 1 Wheel 12
al 0491 m a| 0.246m Dx= 242350 m
j 1416t j 27421 Dy= 63956 m
hat 1.210 MP: 1 1.420 MP; D= 25.0647 . .
\\ e = r The aircraft selected is
o T -
’ added to the project
o bt traffic

N e Pn
- \{'12

\\
~16.00
~4.00 4.00 12.00 20.00 Nﬂm

|¥ Display the nose gear To add this aircraft to traffic mix :I % ICIick on the red arrow

oo_|

Quit Alize |

Click on the red arrow to add the aircraft

Figure 66. Adding this aircraft to project traffic
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The aircraft must be added twice to the project traffic in order to be able to indicate the take-off
information and the landing information (Figure 67), as the aircraft weight is different

Alize-Lepc - Airfield pavement module, Input data - x

File Pavement structure  Aircrafttraffic  Othertraffic data ~ Material library  Alize computation  Customize Alize  Other Module 7

- Aircraft of the traffic mix
Title:
Ajrcraft data base: C:\Program Files (x86)Wlize-Lcpc Routes\ficav2016-10-13.bda
" Scan the Adb + Manufactureritype (" Display wheel axis Mrw=184 50t Mtow=164.00t Miw=124 00t Mroues=178 57t
AIRBUS ~[am B 500 (Mrw-154.51) v[e 2|
_ AIRBUS A 310 300 (Mrw=164.9t) - Mww=19.48t (6i296) r Radius, weights, contact pressures and distances
o Wheel 1 Wheel 10
a| 0169 m a| 0.217m Dx= 15.9200 m
1036t 19.48 t Dy=-5.5700 m
ﬂ 1.130 MPa j 1.290 MPa D= 16.8663 m
.00
@3 45 r Traffic mix
@3 dby 1-AIRBUS A 340 200 (Mrw=275.91) - G5
2-BOEING B 777 300 ER (Mrw=352.41) - G&
3-AIRBUS A 330 300 (Mrw=233.91) - G&
2.00 4-AIRBUS A 320 200 JUM (Mrw=77.4t) - G3
5-AIRBUS A 310 300 (Mrw=164.91) - G4
Pl 6-AIRBUS A 340 200 (Mrw=275.9) - G5
& 7-BOEING B 777 300 ER (Mrw=352.41) - G5
8-AIRBUS A 330 300 (Mrw=233.9t) - G5
-2.00 9-AIRBUS A 320 200 JUM (Mrw=77.41) - G3
10-AIRBUS A 310 300 (Mrw=164.9t) - G4
87 &
®s $10
6.00
-10.00
-2.00 2.00 6.00 10.00 14.00 18.00 For removing one aircraft: dble Click on the T
(right) line
v Display the nose gear To add this aircraft to traffic mix: % Click on the red arrow

Figure 67. Final project traffic

10.1.7. Traffic detailed

After that, traffic data should be filled in in “other traffic data” window, including the weights and the
number of movements. In that example, the real weights were provided. It is then decided to use them
rather than the maximal loads provided by the Ficav database. . This results in more accurate
calculations. The example is detailed for the last aircraft of the project traffic, for the number of
landings per year: the Airbus A310 300, with 803 landings per year, and a landing weight of 125.6 tons.

In order to fill the weights and numbers of movements, go to the "Other traffic data" tab of the main
menu bar.

By default, Alize-aéronautique indicates a cumulative number of movements for the Mrw weight
(Figure 68).

Alize-Lepe - Airfield pavement module, Input data - x

File Pavementstructure  Aircraft traffic | Other traffic data | Material library ~ Alize computation  Customize Alize  Other Module 7
 Other traffic data, design life, wandering and fre

Title:

Design life of the pavement (years):
Ajrcraft Weight Aircraft passes Cumulated Wandering= Speed  Temperature vL
of the traffic mix ity Number Units. Ta(%) traffic 2xStanDevim)  (km/h} TetaEq

1-AIRBUS A 340 200 (Mrw=275.91) - G5 Other 260 315 Passesiyear 0 3150 1.50 100.0 15
[2-BOEING B 777 300 ER (Mrw=352.4t) - G5 Other 34 399 Passesiyear a 3990 1.50 100.0 15
[3-AIRBUS A 330 300 (Mrw=233.91) - G5 Other 230 296 Passesiyear 0 2960 1.50 100.0 15
M-AIRBUS A 320 200 JUM (Mrw=77.4t) - G3 Other m 60 Passesiyear 0 600 1.50 100.0 15
(5-AIRBUS A 310 300 (Mrw=164.91) - G4 Other 157 1387 Passesiyear 0 13 870 1.50 100.0 15
[6-AIRBUS A 340 200 (Mrw=275.9) - G5 Other 174.7 183 Passesiyear o 1830 1.50 100.0 16
[T-BOEING B 777 300 ER (Mrw=352.4t) - G5 Other 243.8 23 Passesiyear o 2310 1.50 100.0 16
{B-AIRBUS A 330 300 (Mrw=233.91) - G5 Other 184 172 Passesiyear 0 1720 1.50 100.0 15
(9-AIRBUS A 320 200 JUM (Mrw=77.4t) - G3 Other 59.5| 1087 Passesiyear 0 10 870 1.50 100.0 16

10-AIRBUS A 310 300 (Mrw=164.9t) - G4 Mrw | 164,900 36500 Cumulated o 36 500 1.50 100.0 16 I

Figure 68. Default Alize-Aéronautique data for the last aircraft of the project traffic
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10. Example of pavement design

The number of landings per year and the actual landing weight should be entered.

File Pavement structure  Aircraft traffic

Title:

Other traffic data

Alize-Lepe - Airfield pavement module, Input data

Material library  Alize computation

Customize Alize

Other Module 7

- Other traffic data, design life, wandering and freq

Design life of the pavement (years):

Aircraft ) Weight Aircraft p_assas Cumulated Wandering= Speed  Temperature LI
of the traffic mix (t) Number Units. Ta(%) traffic 2xStanDevim) (km'h)}  TetaEg
1-AIRBUS A 340 200 (Mrw=275.9t) - G5 Other 260 315 Passeslyear o 3150 1.50 100.0 15
[2-BOEING B 777 300 ER (Mrw=352.41) - G5 Other 341 399 Passeslyear o 3930 1.50 100.0 15
[3-AIRBUS A 330 300 (Mrw=233.9t) - G5 Other 230 296 Passesiyear o 2960 1.50 100.0 15
(4-AIRBUS A 320 200 JUM (Mrw=T77.4t) - G3 Other b &0 Passeslyear 0 600 1.50 100.0 15
(5-AIRBUS A 310 300 (Mrw=164.9t) - G4 Other 157 1387 Passeslyear o 13 870 1.50 100.0 15
[6-AIRBUS A 340 200 (Mrw=275.9t) - G5 Other 174.7 183 Passesiyear o 1830 1.50 100.0 15
[7-BOEING B 777 300 ER (Mrw=352.41) - G5 Other 2438 23 Passesiyear o 2310 1.50 100.0 15
{B-AIRBUS A 330 300 (Mrw=233.9t) - G5 Other 184 172 Passeslyear o 1720 1.50 100.0 15
[9-AIRBUS A 320 200 JUM (Mrw=77.41) - G3 Other 59.5 '_1ﬂ]'_ o 10 870 1.50 100.0 15
10-AIRBUS A 310 300 (Mrw=164.91) - G4 Mrw | 164.900 I BGI!.| Passesiyear o 8030 1.50 100.0 15

Click on this box until
you obtain the
requisite "movement
/ unit”

Quit Alize

Figure 69. Entering the number of landings per year

File Pavement structure  Aircraft traffic
Title:

Design life of the pavement (years):

- Other traffic data, design life, wandering and fr

Other traffic data

Alize-Lepe - Airfield pavement module, Input data

Material library  Alize computation

Customize Alize

Other Module

7

Aijrcraft Weight Aircraft passes Cumulated Wandering= Speed  Temperature
of the traffic mix (ty MNumber Units Ta(%) traffic ZxStanDev(m) (km/h)  TetaEg _I
1-AIRBUS A 340 200 (Mrw=275.91) - G Other 260 s Passesiyear 0 3150 1.50 100.0 15
[2-BOEING B 777 300 ER (Mrw=352.41) - G5 Other 34 399 Passesiyear 0 3990 1.50 100.0 15
[3-AIRBUS A 330 300 (Mrw=233.91) - G5 Other 230 296 Passesiyear [} 2960 1.50 100.0 15
M-AIRBUS A 320 200 JUM (Mrw=77.41) - G3 Other m 60 Passesiyear ] 600 1.50 100.0 15
(5-AIRBUS A 310 300 (Mrw=164.91) - G4 Other 157 1387 Passesiyear 0 13 870 1.50 100.0 15
[6-AIRBUS A 340 200 (Mrw=275.91) - G5 Other 1747 183 Passesiyear 0 1830 1.50 100.0 15
[T-BOEING B 777 300 ER (Mrw=352.41) - G5 Other 2438 FEy Passesiyear 0 2310 1.50 100.0 15
{B-AIRBUS A 330 300 {(Mrw=233.91) - G5 Other 184 172 Passesiyear 0 1720 1.50 100.0 15
[9-AIRBUS A 320 200 JUM (Mrw=77.4t) - G3 Other 59.5 087 Passesiyear 0 10 870 1.50 100.0 15
10-AIRBUS A 310 300 (Mrw=164.91) - G4 I Other 1;5E-| 13 Passesiyear 0 8030 1.50 100.0 15

Click on this box until
you obtain the
requisite weight type

|

Quit Alize

Figure 70. Entering the landing weight
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10. Example of pavement design

The Figure 71 shows the other traffic data project, once everything is completed.

Alize-Lepe - Airfield pavement medulg, Input data - X

File Pavement structure  Aircraft traffic ~ Other traffic data ~ Material library ~ Alize computation  Customnize Alize  Other Medule 7

- Other traffic data, design life, wandering and fr

Title:

Design life of the pavement (years):

Aijrcraft Weight Aircraft passes Cumulated Wandering= Speed  Temperature -Ir
of the traffic mix (ty Number Units Ta(%) traffic ZxStanDevim) (km/M)  TetaEg J
1-AIRBUS A 340 200 (Mrw=275.9t) - G5 Other 260 35 Passesiyear 0 3150 1.50 100.0 15
[2-BOEING B 777 300 ER (Mrw=352.41) - G5 Other kS 399 Passesiyear [1] 3990 1.50 100.0 15
[3-AIRBUS A 330 300 (Mrw=233.91) - G5 Other 230 296 Passesiyear 0 2960 1.50 100.0 15
4-AIRBUS A 320 200 JUM (Mrw=77.4t) - G3 Other 7 60 Passesiyear [} 600 1.50 100.0 15
(5-AIRBUS A 310 300 (Mrw=164.91) - G4 Other 157 1387 Passesiyear 0 13 870 1.50 100.0 15
(6-AIRBUS A 340 200 (Mrw=275.9t) - G5 Other| 1747 183 Passesiyear 1] 1830 1.50 100.0 15
[7-BOEING B 777 300 ER (Mrw=352.41) - G& Other 243.8 M Passesiyear 0 2310 1.50 100.0 15
{B-AIRBUS A 330 300 (Mrw=233.91) - G5 Other 184 172 Passesiyear 0 1720 1.50 100.0 15
[9-AIRBUS A 320 200 JUM (Mrw=77.4t) - G3 Other 59.5 1087 Passesiyear [} 10 870 1.50 100.0 15
10-AIRBUS A 310 300 (Mrw=164.91) - G4 Other 12,5.E-| 803 Passesiyear [1] 8030 1.50 100.0 15

Help Quit Alize

Figure 71. Other project traffic data

The calculation period is 10 years. Since this is the default calculation period, it was not necessary to

modify it.
The same applies to speed (100 km/h) and wander (1.5 m).

At this point, it is advisable to record the project traffic. As indicated on the Figure 72, go to "File", then

"Aircraft Traffic Data", then "Save As".

Alize-Lepe - Airfield pavement module, Input data

Structure data

® Lﬂrinn and frannanmw

File Pavement structure  Aircraft traffic ~ Other traffic data ~ Material library  Alize computation  Customize Alize  Other Module 7

Temperature -I,

Aircraft traffic data > MNew

Data bases ¥ Ep=g

Exit Aircraft passes Cumulated Wandering=  Speed

mix (t) MNumber Units. Ta(%) traffic 2xStanDev(m) (km/h)  TetaEqg

1-AIRBUS A 340 200 (Mrw=275.9t) - Gb Other 260 35 Passeslyear 0 3150 1.50 100.0 15
[2-BOEING B 777 300 ER (Mrw=352.4t) - G5 Other 341 399 Passeslyear 0 3990 1.50 100.0 15
13-AIRBUS A 330 300 (Mrw=233.91) - G5 Other 230 296 Passesiyear 0 2960 1.50 100.0 15
14-AIRBUS A 320 200 JUM (Mrw=7T7.4t) - G3 Other 71 60 Passesiyear 0 600 1.50 100.0 15
B-AIRBUS A 310 300 (Mrw=164.91) - G4 Other 157 1387 Passesiyear 0 13 870 1.50 100.0 15
6-AIRBUS A 340 200 (Mrw=275.9t) - G5 Other 174.7 183 Passeslyear 0 1830 1.50 100.0 15
IF-BOEING B 777 300 ER (Mrw=352.4t) - G5 Other 2438 2 Passeslyear 0 2310 1.50 100.0 15
B-AIRBUS A 330 300 (Mrw=233.9t) - G5 Other 184 172 Passeslyear 0 1720 1.50 100.0 15
9-AIRBUS A 320 200 JUM (Mrw=7T7.4t) - G3 Other 59.5 1087 Passeslyear 0 10 870 1.50 100.0 15
10-AIRBUS A 310 300 (Mrw=164.91) - G4 Other 1256 803 Passeslyear 0 8030 1.50 100.0 15

Figure 72. Saving project traffic
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10. Example of pavement design

The equivalent temperature is 28°C. In Alize-aéronautique, the default temperature is 15°C. This value
must be changed.

To do so, go to the "Other traffic data" tab of the main menu bar.
Alize-Lepe - Airfield pavement module, Input data — X

File Pavementstructure  Aircraft traffic ~ Othertraffic data ~ Material library  Alize computation  Customize Alize  Other Module 7

- Other traffic data, design life, wandering and freq
Title:

Design life of the pavement (years):

Aircraft Weight Aircraft passes Cumulated Wandering= Speed  Temperature

of the traffic mix ) Number Units. Ta(%) traffic 2xStanDev(m) (km/h)  TetaF
[1-AIRBUS A 340 200 (Mrw=275.9t) - G5 Other | 260.000 315 Passesiyear o 3150 1.50 100.0 28
[2-BOEING B 777 300 ER (Mrw=352.4t) - G5 Other | 341.000 399 Passesiyear o 3990 1.50 100.0 28
[3-AIRBUS A 330 300 (Mrw=233.9t) - G5 Other | 230.000 296 Passesl/year o 2960 1.50 100.0 28
(4-AIRBUS A 320 200 JUM (Mrw=7T7.4t) - G3 Other | 71.000 60 Passesl/year o 600 1.50 100.0 28
[B-AIRBUS A 310 300 (Mrw=164.91) - G4 Other | 157.000 1387 Passesiyear o 13 870 1.50 100.0 28
[B-AIRBUS A 340 200 (Mrw=275.9t) - G5 Other | 174.700 183 Passesiyear o 1830 1.50 100.0 28
[T-BOEING B 777 300 ER (Mrw=352.4t) - G5 Other | 243.800 23 Passesl/year o 2310 1.50 100.0 28
@-AIRBUS A 330 300 (Mrw=233.9t) - G5 Other | 184.000 172 Passesiyear 0 1720 1.50 100.0 28
@-AIRBUS A 320 200 JUM (Mrw=TT.4t) - G3 Other | 59.500 1087 Passesiyear a 10 870 1.50 100.0 28
MO-AIRBUS A 310 300 (Mrw=164.9t) - G4 Other | 125,600 803 Passesiyear o 8030 1.50 100.0 12,3!

Manually enter the value of the
equivalent temperature

Help Quit Alize

Figure 73. Choosing the equivalent temperature
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10. Example of pavement design

10.1.8. Single Calculation

Using Alize-Aéronautique: calculation of damage

To start the calculations, as shown on the Figure 74, go to the "Alize Calculation” tab of the main menu
bar and choose "Single calculation”.
A window opens showing the value of the Equivalent Single wheel Load (ESwL) and the coefficient Kc.

Then click OK.

Alize-Lepe - Airfield pavement module, Input data - x
File Pavementstructure  Aircraft traffic ~ Other traffic data ~ Material library | Alize computation  Customize Alize  Other Module 7
— -
 Display the pavement structure I Single computation I
Titre:  AC flexible pavement - Mf1 template lterative ‘°"“F'fati°”
thick. Young Material Design Risk Sigb -
(m) (Mpa) MU type criterion %) o 2 B ElIF D hE s
006 |4| | fTF |035| eb-bba2
012 | 4| »| fT,F) | 035 | eb-eme2 | Epsiloni-nf | 4 | >|| 2.5| fu.u | 5.0 | u.n1s| 0.25 |u.?55| 1.0 | |‘(RSBR_||
008 | 4G)»| 6000 |0.350 gntl
0.25 240.0 0.350 gnt1
infinite 80.0 0.350 pi2qs EpsilonZ-sup ¥ 16000 -0.222
Hgnt= 0.330 m Gnt1/Gnt1
lemo-results | K Details Meodify the structure
Alize-Lepe - Airfield pavement module, computation results X

0.220 MN (= 22421)

o3 Computation progress using the "Single computation” mode (Nealc=
10

= End of the 1st calculation sequence in a "blind manner”, leading to the
determination of the AseW and
therefore the determination of the adjustement coefficient Ke= f(RseR)
of the bituminous materials.
- ResWs=
- Kc = 1414 (Kc initial value before adjustment= 1.000)
The 2nd sequence of calculation is going to start now, taking into
account the adjusted values of Kc.

Figure 74. Launching the calculations

As indicated on the Figure 75, a window opens with the result of the first calculation: the damage to
the bottom of the asphaltic layers, for the 1st aircraft in the project traffic. To sequence all the
calculations, it is then necessary to check "Auto sequence” and click on "next calculation”.

Alize-Lepe - Airfield pavement, Computation results : Damages= f(¥¥) - computation 1/20 - Mode Precis+
0.00000 0.00800 0.01600 0.02400 0.03200 0.04000
Damage

1.00.
10.00

9.00.

8.00.

700 |

\\‘——_
S
6.00. E—
500
|
[
am L —1
[———
//

3.00.

wlC

100

0.00.

Vertical axis = transversal distance from the runway centerline (m)

Duration 00:04sec X=10.0107 Y¥=11.9058

[l 1-ARBUS A 340 200 - EpsionT Inf2

Individual damages

With wandering E Without wandering

O cumulated damages

Computation details | Maximum damages |

save | See the aircraft |

Print | Exit |

Figure 75. Calculation of the damage at the base of the asphalt courses for the Tst aircraft of the project traffic
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10. Example of pavement design

10.1.9. Graphic representation

The Figure 76 presents the results of all the calculations: the € or €z curves for all the aircraft in the

project traffic.

Alize-Lepe - Airfield pavement, Computation results : Damages= f(YY) - computation 20/20 - Mode Precis+ — *
M 1-= 0 200 - EpsilonT Inf2 JUM - EpsilonZ Sup5
0.0000 0.0800 0.1600 0.2400 0.3200
Damage 2-BOEING B 777 300 ER - EpsilonT Inf2.. 10-ARBUS A 310 300 - EpsilonZ Sups...
.00 f 3-AIRBUS A 330 300 - EpsilonT Inf2
4-AIRBUS A 320 200 JUM - EpsilonT Inf2...
ja.e AIRBUS A 310 300 - EpsilonT Inf2...
- EpsilonT Inf2...
9.00.
AIRBUS A330 300 - EpsilonT Inf2...
8.00_ A S A 320 200 Jui T Inf2
‘\ 10-4 A310 300 Z..
7.00. i 1-AIRBUS A 340 200 - EpsilonZ Sup5...
6.00 2
T
0300 -EpsilonZ Sups...
- V \)//‘ S
400 — — S sl
| —
_-l-l-"'-'-'-.
3.00_
[ Individual g O c g
200 With wandering [] without wandering
' Automatic sequencing
1.00. Zoom ? | |
\ \ Computation details | Maximum damages |
0.00
Vertical axis = transversal distance from the runway centerline (m) Save | See the aircraft |
Duration 00:58sec X=0.2917 Y=-0.2344 Print | Exit |
Figure 76. Calculation results: the erand &z damage for all the aircraft in the project traffic.
M M M n M n
The cumulative damage can be obtained by selecting "Cumulative Damage".
Alize-Lepe - Airfield pavement, Computation results : Damages= (YY) - computation 20/20 - Mode Precis+ - >
1-AIRBUS A 340 200 - EpsilonT Infz... S-AIRBUS A 320 200 JUM - EpsilonZ Sups..
0.000 0.200 0.400 0.600 0.800 1.000 . .
Damage 2-BOEING B 777 300 ER - EpsilonT Inf2... 10-AIRBUS A 310 300 - EpsilonZ Sup5...
.00 nulated darhage with wandefing Epsif-Inf2 3-AIRBUS A 330 300 - EpsilonT Inf2...
C ated darhage with wandefing Epsi|-Inf2
Cumujated damage with wandefing Epsif-Sup5 4-AIRBUS A 320 200 JUM - EpsilonT Inf2.
10.00 5 AIRBUS A 310 300 - EpsionT Inf2...
5-AIRBUS A 340 200 - EpsilonT Inf2...
9.00 7-BOEING B 777 300 ER - EpsionT Inf2...
k B-AIRBUS A 330 300 - EpsilonT Inf2...
8.00. S-AIRBUS A 320 200 JUM - EpsilonT Inf2...
\\ 10-AIRBUS A 310 300 - EpsilonT Inf2.
7.00 - —] 1-AIRBUS A 340 200 - EpsilonZ Sups...
\ ""'--u..______‘___- 2-BOEING B 777 300 ER - EpsilonZ Sups...
500 b I 3-AIRBUS A 330 300 - EpsilonZ Sups.
. g
\ ""'“--..__‘_\ 4-AIRBUS A 320 200 JUM - EpsilonZ Sups...
5.00 ) 5-AIRBUS A 310 300 - EpsilonZ Sup5...
/ B-AIRBUS A 340 200 - EpsilonZ Sups...
-_,__.-l-"'- x _ o
4.00 [y T-BOEING B 777 300 ER - EpsilonZ Sups...
'_'__,_,..-—--"'"-'- B8-AIRBUS A 330 300 - EpsilonZ Sup5...
/ "]
3.00
O
200 With wandering [0 without wandering
‘ Automatic sequencing
1,00, Zoom ? | |
\ Computation details | Maximum damages |
0.00 ]
Vertical axis = transversal distance from the runway centerline (m) Save | See the aircraft |
Duration 00:58sec X=0.0044 Y=12.0757 Print | Exit |

Figure 77. Cumulative Damage
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By clicking on "Maximum damage", it is possible to obtain the summary damage table (Figure 78). The
cumulative damage, with wander, is:

e For €r:0.265
e Foré&z:0.379

Alize-Lepe - Airfield pavernent, Computation results : Damages= f(VV) - computation 20720 - Mode Precis+ — x
1-AIRBUS A 340 200 - EpsilonT Inf2... 5-AIRBUS A 320 200 JUM - EpsilonZ Sup5..
0.000 0.200 0.400 0.600 0.800 1.000 . .
Damage 2-BOEING B 777 300 ER - EpsilonT Inf2... 10-AIRBUS A 310 300 - EpsilonZ Sup5...
11.00 :
Cumujated darhage with wandefing Epsi|-Inf2 SHREPAEEIE FETarhls
Cumujated darhage with wandefing Epsif-Sup5 4-AIRBUS A 320 200 JUWM - EpsilonT Inf2...
10.00 | 5 AIRBUS A 310 300 - EpsionT Inf2...
— Summary: maximum damages - Mode Precis =

Name of Nbre Damage Ke Allowable  Maximum Eq. value Maximum damage mulated damage contribut &
7 |B777 300 ER (Mrw=352.4t)- M=| 2310 EpT-inf2 | 1.414 736.0 355.1 4415 3189 0.078 0.015 0.073 0.014
& |A330 300 (Mrw=233.5t)-M=18| 1720 EpT-inf2 | 1.414 T80.7 387 .4 445.1 336.6 0.060 0.015 0.043 0.014
9 |A320 200 JUN (Mrw=77 4t) - M=| 10870 EpT-inf2 | 1.414 539.9 3285 3285 2561 0.083 0.024 =0.001 0.011
10 |A310 300 (Mrw=164.8t)- M=12| 2 030 EpT-inf2 | 1.414 5736 3023 347.2 2724 0.081 0.024 0.005 0.024

Cumulated damages 49 330 EpT-inf2 621.7 406.0 0.743 0.307
1 |A340 200 (Mrw=2755t)- M=26( 3150 EpZ-sup5 | 16000 | 28761 17305 20177 16187 0.280 0.104 0275 0101
2 |B 777 300 ER (Mrw=352.4t)- M=| 3980 EpZ-supS | 16000 | 25392 1863.1 23128 1850.7 0.657 0.241 0.580 0.228
3 | A330 300 (Mrw=233.91)- M=23| 2960 EpZ-sup5 | 16000 | 2713.3 1835.5 2140.3 1719.5 0.344 0.128 0.338 0.124
4 | A3Z0 200 JUN (Mrw=77 4t) - M= 500 EpZ-sup5 | 16000 | 3857.0 1306.9 1306.9 1M23.7 0.008 0.004 =0.001 0.001
5 |A310300 (Mrw=164.5t)- M= 15| 13870 | EpZ-sup5 | 16000 | 18257 1501.7 17305 1496.3 0618 0.321 0.414 0.313
6 | A340 200 (Mrw=275.5t)- M=17| 1830 EpZ-sup5 | 16000 | 3018.9 1205.0 1404.5 11148 0.032 0.01 0.031 0.011
7 |B 777 300 ER (Mrw=352 4t)- N=| 2310 EpZ-sup5 | 16000 | 288638 1368.8 17027 1350.3 0.086 0.034 0.081 0.032
& |A330300 (Mrw=233.5t)-M=18| 1720 EpZ-supS | 16000 | 3050.2 1501.5 1750.9 1396.9 0.081 0.029 0.079 0.028
9 |A320 200 JUM (Mrw=77.4t)- M=| 10870 | EpZ-sup5 | 16000 | 20327 1105.7 1057 547.8 0.084 0.032 0.003 0.012
10 |A310 300 (Mrw=1645t)- M=12| 3030 EpZ-sup5 | 16000 | 21741 12177 1404 5 12087 0.140 0.071 0.089 0.069
Cumulated damages 49330 | EpZ-sup5 29183 1889.3 1.872 0.918
=
Caution : the above values take due account of the Ke=f{RseW) dependency
RseR Hext computation |

I R O reeoHH ' '

Vertical axis = transversal distance from the runway centerline (m) Save I See the aircraft I

Duration 00:58sec X=0.6883 Y=11.8815 Print | Exit |

Figure 78. Summary table of damage
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