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1 Introduction

MMOPP is a design program that is linked to the Road Standard for the Design of
Pavements and Reinforcement Surfacings and has been developed by the Road
Standards Group for the Design of Road Pavements.

The Road Standard contains guidelines for designing pavements on roads and con-
structions used by ordinary heavy vehicles which may travel on public roads. Thus,
MMOPP cannot be used to design pavements for aircraft or vehicles for handling
containers, for example.

The program can design the following types of pavements by the analytical method:

*  Flexible pavements (asphalt layer laid on unbound base course of gravel layers)

«  Semi-rigid pavements (asphalt layer laid on typical hydraulically bound base
layers)

* Rigid pavements (concrete laid on asphalt base layers, hydraulically bound ma-
terials or unbound materials)

The program can also be used for designing reinforcements of flexible and semi-
rigid pavements. Finally, the program allows for the simulation of degradation pro-
cesses for new-laid and reinforced flexible pavements.

The user manual provides a basic description of the program's features, as well as
examples of how to enter input data and extract results from the program's various
functions.

Section 2 is a theoretical section describing principles, models and formulas used in
the program.

Section 3 provides information about installing the program.

Section 4 reviews all the functionalities and screens in the program. Special atten-
tion is paid to the series of examples which show common design challenges:

Analytical design:

«  Section Default design
4.3.1:
»  Section User-defined design
4.3.2:
«  Section Manual analytical design
4.3.3:
«  Section Parallel design of pavements with hydraulically bound base
4.3.4: layers (HBB)
»  Section Stops in the city area with bus and regular traffic
4.3.5:
»  Section Analytical reinforcement design
4.3.6:
»  Section Designing a concrete surfacing
4.3.7:
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Design by simulation:

»  Section Default design by simulation
4.4.1:

»  Section Optimisation by simulation
4.4.2:

«  Section Designing a reinforcement layer by simulation
4.4.3:

Section 5 examines the printing options and the documenting of the calculations.

Section 6 specifies references.
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2 The program’s principles

2.1 The program’s design methods

The purpose of the program is to enable the user to design pavements, whilst taking
traffic, materials and climate conditions into account. Calculations are made in
MMOPP with the WESDEF program, which has been integrated as a DLL sub-rou-
tine. WESDEF is a linear elastic program on a par with BISAR [ref. 5], ELSYM5
[ref. 7] and CHEVRON [ref. 10].

The designing of pavements can be done by two fundamentally different methods:

*  Analytical design

«  Simulation, where a number of simulations are made of the degradation of the
pavement, which determines when the pavement ceases to comply with certain
predefined requirements (lifespan criteria) for asphalt degradation, evenness
and rutting

For analytical design, MMOPP ensures that the desired lifespan is observed for all
layers in the pavement and for the subgrade. If the user manually adjusts layer thick-
nesses or the E values of the materials, the user must check that the desired lifespan
is still complied with for all layers in the pavement and for the subgrade themselves.

For simulations with the same thicknesses of the layers in the pavement, various
lifespans will be available until the criteria are not met. Based on this, one can as-
sess the surety according to which the construction meets the criteria.

As stated in the foreword of the handbook for the Design of Pavements and Rein-
forcement Surfacings, [ref. 11], the following three levels of design are defined:

« Level 1, Catalogue road pavements - the pavement is determined based on a
printed catalogue

« Level 2, Analytical-empirical Design - the pavement is designed based on de-
sign criteria based on pre-defined or user-chosen traffic and material parameters

« Level 3, Design by simulation - the pavement is designed based on simulated
breakdown processes to meet standard or use-chosen requirements for durabil-
ity and reliability

Flexible and semi-rigid pavements may be designed according to level 1.

At level 2, flexible, semi-rigid and rigid pavements can be designed and at this
level, reinforcement of flexible and semi-rigid pavements can also be designed.

At level 3, new flexible pavements as well as their reinforcement can be designed,
and it is also possible to optimise construction costs of new flexible pavements.
However, this method is not so evolved yet that it can be considered more correct
than level 2 design, which is why design at level 3 should be regarded as indicative
for the time being.
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2.2 Analytical design

The critical loads in the individual layers of a pavement depend on the material
properties of the layers as well as on the amount of load.

Analytical design calculates critical loads in the pavement for a design load (E10
load) and the size of the critical loads are controlled in relation to the permissible
loads. For bound materials, such as asphalt, concrete and HBB, the critical load (p)
is the horizontal strain on the underside of the layer (indicated by index "h" for hori-
zontal), whereas, for unbound materials, the vertical pressure is on the upper side of
the layer (indicated by index "z").

A design criterion of a material is given by a mathematical correlation between the

permissible loads (p) and the number of design loads (Ne1o) and can be specified in
the following generic form:

p=AX (E/Bros ) X (Ng1o/10°f ()

Where the parameters are:

p The (maximum) permissible load for a given number of design loads
E E value of the material
Eref Reference E value for the material type

NE1o The number of E10 loads during the design period
A, B, C Material parameters for the material type.

A historical background to the design criteria for unbound materials and asphalt ma-
terials used in the Road Standard is given in [ref. 3].

Designing of layers constructed of hydraulically bound base layers are based on an-
alytical design criteria determined from VI Report 138, "Mechanistic Design of
Semi-Rigid Pavements", [ref. 4], based, among other things, on the full-scale fatigue
tests carried out in 2003 with six experimental trials.

The E10 load is defined as a 10-tonne axle with twin wheels. In MMOPP, only one
set of twin wheels is modelled as two circular load points with a centre-centre dis-
tance of 350 mm and a tire pressure of 0.70 MPa. The load is 6 tonnes, which corre-
sponds to the weight of one set of wheels plus a shock allowance of 20%, which
takes into account the unevenness of the surfacing.

2.2.1 Design criteria for unbound materials
For unbound materials, the critical load is the vertical stress on the upper side of the

layer, denoted as o. The form of the design criteria depends on the E value of the
material, as indicated in the following equation for the permissible load:
0, = 0.086 MPa x (E/160 MPa)°® x (Ng;,/106)7025 ()

The background to this equation is given in [ref. 3].
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2.2.2 Design criteria for asphalt materials

For asphalt materials, the critical load is the horizontal strain in the underside of the
layer, denoted as en. The design criterion for the permissible load is given in the fol-
lowing equation:

g, = —0.000250 X (Ngq0/100)70-191 {an
The background to this equation is given in [ref. 3].

2.2.3 Design criteria for hydraulically bound base layer materials

In the handbook for the Design of Pavements and Reinforcement Surfacings [ref.
11], the following two, different types of hydraulically bound base layers (HBB) are
included:

+ HBB-A: uniform-sized, sanded aggregate
+ HBB-B: graded, gravelly aggregate

The difference between the two types of HBB is described in the tender specifica-
tion for hydraulically bound base layers [ref. 12].

Repetitive loads from traffic will inevitably degrade HBB materials over time. With
this degradation, the E value of the HBB layer is continuously reduced and thus the
Road Standard operates, respectively, with E values for the HBB materials in "ini-
tial state" and "terminal state”.

In the Road Standard, the following E values are used in the terminal state, depend-
ing on the type of HBB:

. HBB'A, Eterminal: 1,500 MPa

. HBB'B, Eterminal: 2,000 MPa

The design criteria for HBB materials determine the largest permissible horizontal
strain on the underside of the layer, denoted as . This value depends on the mate-
rial’s initial E value, (EiniT), as well as the degree of degradation which as accepta-

ble at the end of the design period. The degree of degradation is characterised by the
material terminal E value, (Eterm).

The design criteria for HBB used in the Road Standard are shown in Table 1 below.
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Material Strength Enir Everm Design criteria

class (MPa) (MPa)

(MPa)
HBB-A Csse 7,500 1,500 &h = -0.000048 x (Ng10/10°) 02" (V)
HBB-A Cess 9,000 1,500 gh = -0.000060 x (Ng10/10%)028 V)
HBB-A Ca/10 12,000 1,500 &h = -0.000086 x (Ng10/10°)0148 (VI)
HBB-B Csis 11,800 2,000 &h = -0.000066 x (Ng10/10°)0149 (V1)
HBB-B Cess 13,000 | 2,000 gh = -0.000075 x (Ng10/10°)0-1% (Vi)
HBB-B Ca/10 15,000 2,000 &h = -0.000090 x (Ng10/10°%) %1% (1X)
HBB-B Conz 15,900 | 2,000 eh = -0.000098 x (Ng10/10°) 011 (X)
HBB-B Cuans 18,300 | 2,000 gh = -0.000118 x (Ng10/10%) 0207 (X1)
HBB-B C1s120 20,500 2,000 eh = -0.000137 x (Ng10o/10°) 0% (X11)
HBB-B C18/24 22,500 2,000 Eh = -0.000156 x (NE10/106)-0.090 (X|||)
HBB-B Cau/28 24,300 2,000 ep = -0.000173 x (Ng10o/10°) 0% (X1V)

Table 1  Design criteria for Hydraulically Bound Base Layers.

The selected E values in the terminal state ensure that the HBB materials will retain
a high load-carrying capacity after the design period.

The background to these design criteria for HBB is described in [ref. 7].

2.2.4 Design criteria for concrete

For concrete surfacings, using an E value of 35,000 MPa and a Poisson’s ratio of
0.15, a design criterion can be used of the form:

g, = —0,000038 X (N,,/108) 0118 (XV)

A theoretically correct design of concrete surfacing is ensured by comparing the ten-
sile stresses in the concrete from the E10 load and comparing these with the con-
crete flexural tensile strength. The stresses are calculated either by means or
Westergaard's formulas or Finite Element calculation, which have not been inte-
grated in MMOPP. The chosen "equivalent” criterion ensures that approximately the
same thicknesses are determined as in the diagram method in the original Road
Standard 7.10.03 [ref. 13], and the background to determining the design criterion is
given in [ref. 6].

In Road Standard 7.10.03, the design of concrete surfacings was based on a 20-year
design period. In addition, recommendations for the choice of base layer materials
were specified based on the traffic intensity.

These recommendations for selecting base layer materials have been translated into
current traffic classes and shown in the table below:

Traffic load class Recommended base layer material
T1 SG, SKM, SIM, KB or HBB-A
T2, T3, T4 HBB-A
T5, T6, T7 HBB-B

Table 2  Limits for use of base layer materials under concrete (strength class of
the HBB materials must be in accordance with Table 1).
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Minimum and maximum thicknesses of these base layer materials under concrete

are listed in the following table:

Material E value Thickness [mm]
[MPa] Minimum Maximum
HBB-A, all strength classes 1,500 150 300
HBB-B, all strength classes 2,000 150 250
Stone macadam (SKM) 1,000 120 130
Shingle macadam (S1M) 600 120 130
Base course of gravel I (SG 1) 350 120 250
Base course of gravel Il (SG I1) 300 120 250
Crushed concrete (KB) 350 120 250

Table 3 Minimum and maximum thicknesses of base layer materials under con-
crete (strength class of the HBB materials must be in accordance with

Table 1).

When designing concrete pavements with MMOPP, no sheet size, possible rein-
forcement, load transfer between sheets or joint sizes and types are taken into ac-
count. These things should be determined based on the relevant standards and codes

of practice.
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2.3 Design by simulation

2.3.1 Overall

Simulation of a road pavement’s degradation under traffic takes place by mathemat-
ically letting a wheel travel over a pavement of a given length under varied climatic
and speed conditions.

Unlike more traditional designs, which can also take seasons into account by calcu-
lating the degradation contributing factors for the traffic volume which occur
throughout the lifespan of the individual climatic periods, the simulation method
makes the calculations seasonal in order to analyse a number of uniform climate
events using the current annual traffic volume.

This results in a recursive effect of the previous year's degradation, so that the in-
creasing unevenness results in heavier impact loads which, in turn, lead to acceler-
ated degradation, etc.

In determining degradation models, the road standards group assumed that the pave-
ments, which, according to the Road Standard 7.10.03 of 1984, were designed for
10 years, had an average lifespan of 15 years. This corresponds to the pavements be-
ing able to comply with the evenness criterion for 10 years with a probability of
70% - 90%. The prior assumption also corresponds to the degradation model for
evenness, which is integrated into the vejman.dk program, which is used to priori-
tise maintenance works on major roads in Denmark.

2.3.2 Models

The simulation program is based on a number of mathematical models of the inter-
action between wheel and surfacing and the impacts which the loads cause in the
pavement.

The following models shall be used:

a) Pavement model, which defines the characteristics and layer thicknesses of the
individual layers, as well as the surface of the surfacing

b) Load model, which defines the correlation between the geometry of the road sur-
face and the wheel's movements and loads on the road surface

¢) Climate model, which defines the correlation between the deformation properties
of the materials and the climate

d) Response model, which describes how a load on the road surface is distributed
down throughout the pavement. For this simulation, Odemark-Boussinesq's the-
ory is used.

e) Structural degradation (cracks), which defines the correlation between dynamic
loads and the degradation of the asphalt layer

f) Permanent deformations (evenness and rutting), which defines the correlation be-
tween dynamic loads and permanent deformations

2.3.3 Pavement model

The pavement model consists of two parts, namely a geometric part that defines the
surface of the pavement and the thickness of the individual layers, as well as a mate-
rial part that defines the E values at each individual point.
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The length of the section can be varied. The default value in the program is 30 m,
approximately equal to the length of the AASHO test’s observation sections of 100
feet. Sub-sections of 300 mm are considered as uniform elements for which the sur-
face, layer thicknesses and E values are specified, as shown in the figure below.

Figure 1 Elements of the pavement.

All layer surfaces and material properties are determined by a "second-order auto-
regressive process" where the value of a given element depends on the value of the
two preceding points, based on a so-called autocorrelation (a high autocorrelation
coefficient indicates a very little variation from point to point).

For each layer, a mean layer thickness, spread on the surface, as well as a 1st and
2nd autocorrelation coefficient for the surface is indicated. The surfaces are gener-
ated based on these values.

The surface evenness, IRI value, is calculated from the surface levels in the middle
of the individual element.

The deformation properties will not follow the usual normal distribution for the ma-
terial descriptions, but, on the contrary, a logarithmic normal distribution, i.e. that
the logarithms of the E values will follow a normal distribution. In a normal distri-
bution, the dispersion indicates how much to add/subtract in order to reach, respec-
tively, 84% and 16% fractiles. For logarithms of values, addition/subtraction equals
multiplication/division of the actual values. The dispersion of the logarithms of E
values therefore corresponds to distribution factors (sdf, Standard Deviation Factor)
for the actual E values.

The values which are added to the program correspond to the values normally used
in the Road Standards. These, however, are not the averages for layers, but corre-
spond to the 25% fractiles, i.e. that 75% of the E values of the layer on the section
are higher than the specified value. The program makes the necessary conversions
itself.
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2.3.4 Load model

The interaction between wheels and road surface is described by a single-wheel or
twin-wheel 2-mass viscoelastic system, in which the user can define the masses of
wheels, incl. axle and body weight, as well as the spring and damping constants be-
tween wheels and road surface (covered), as well as wheel+axle and coachwork
(suspension system).

Mass;
Coachwork

S The spring and damping
constants of the suspension

system

Mass,
Wheel+Axle

The spring and damping
constants of the tyre

Road surface

Figure 2 Load model.

2.3.5 Climate model

The climate model contains two sub-models which, respectively, determine the E
values of the materials in the different seasons and calculate the depth of frost pene-
tration during the winter period.

E value model

Simple table functions are used for the E values of the materials in the different cli-
matic periods (seasons). Slightly modified versions of the Swedish Road Standard's
climate parameters for Skane are used. The table below indicates period lengths and
relationships between the E values in the respective periods. It is seen that the E val-
ues given as inputs to the program correspond to the summer period conditions, with
a factor of 1.0 for all layers specified.

Period Days Temperature =] =) Es Em
- - °C factor factor factor factor
Winter 49 -2 4 4.2 10 20
Winter thaw 10 1 3.7 0.33 10 20
Sudden thaw 15 1 3.7 0.67 0.7 0.6
Late spring 46 3.1 1.0 0.85 0.8
Summer 143 20 1.0 1.0 1.0 1.0
Heatwave 10 35 0.3 1.0 1.0 1.0
Autumn 92 7 2.6 1.0 1.0 1.0

Table 4 Parameters in climate simulation.

11
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Frost penetration model
Frost penetration in the pavement is calculated from a model specified in the Swiss
standards:

k
Frost penetration = 45mm X subzero temperature days®> + > (XV1)

k Pavement thickness in mm

Sub-zero temperature days are calculated based on a time series of the years 1873 to
2003 registered by DMI at Tranebjerg (station 27080). The last 24-hour period’s
maximum and minimum temperatures are specified on a daily basis. Assuming that
the average of max and min is also the average of the day, the cumulative sub-zero
temperature days are calculated for all periods with negative temperatures, and the
highest number of sub-zero temperature days for each year are stored as the sub-
zero temperature days of the year, as shown in the figure below.

Tranebjerg
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Figure 3 Sub-zero temperature days 1873-2003.
This series of sub-zero temperature days can be described by a logarithmic normal

distribution of an average of 1.64 (43.9 °Cxdays) and a dispersion of 0.53 (standard
deviation factor (sdf) of 3.39).
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Figure 4 Distribution of sub-zero temperature days.

Based on the logarithmic normal distribution, the program selects a random number
of sub-zero temperature days each year and calculates the frost penetration based on
the previously stated formula.

2.3.6 Response model

The Equivalent Thickness Method is used by default. The correction factors in the
calculations vary as a function of material properties and layer thicknesses, as indi-
cated in the following table:

Pavement type 2-layer 3-layer 4-layer

Condition he<0.6a else he<0.6a else he<0.6a else
f1 calc. 0.8 calc. 0.8 calc. 0.8
Condition EE <2 else EEM <2 else EE <2 else
2 1 0.92 1 0.92
fa 1 0.92
fm 1 0.82 1 0.82 1 0.82

Table 5 Correction factors in calculations using the Equivalent Thickness Method.

Definitions of the symbols in the above table:

he The equivalent depth

a Radius of the load area

Ewper  E value of the layer above the joint surface, where the impacts are calcu-
lated

Eiower  E value of the layer below the joint surface where the impacts are calcu-
lated

fa The correction factor in the nth joint surface for the conversion between

the pure third root calculated depth of z (z = tupper X (Eupper/Etower)) and the
equivalent depth, he (he = fn x 2)
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fm The correction factor for the subgrade

tuper ~ Thickness of the layer above the joint surface, where the impacts are calcu-
lated

calc. Indication of the fact that the correction factor f; is calculated from the for-

mula f1= 1 + 0.6x(a/z)?

2.3.7 Structural degradation of the asphalt layer

A model is used which, based on calculated stresses in the underside of the asphalt,
determines the crack initiation in accordance with the traditional design criteria de-
veloped, for example, from a three-point flexural test. The spread up through the
layer is then calculated in accordance with simplified models for fracture mechan-
ics. As the cracks are spread, the E value of the layer is reduced. In this context, the
asphalt layer of the pavement as a whole is considered to be of material parameters
corresponding to a weighted average of the wearing course, binder course and base
layer.

Fracture mechanics is a relatively complicated analytical method which calculates
the development of cracks through a uniform material by using the stress concentra-
tions around the tip of the crack. Both the effects of shearing stresses and flexural
stresses are considered, so that different development patterns can occur for pave-
ments with the same type of course, but with different supportive factors. However,
for all developments, they will run relatively slowly in the beginning and then accel-
erate to a certain level that remains constant until the crack has reached right
through the layer.

In MMOPRP, the effect is expressed by a recording of the asphalt layer E value pur-
suant to a formula constructed as follows:

dN )
X
ktemperature X CPfactor (XV”)

n
€actuel
E = x[1-0,5x%
before after ( (gpermissable,lmillion X (VB/lO%))

Definitions of the symbols in this formula are:

Enbefore E value at the start of the period to be calculated

Eafter E value after the period of the design load dN

Ecurrent The calculated strain in the underside of the asphalt layer

Epermissible, 1 million T he permissible strain in the underside of the asphalt layer v. 10°
passages

VB The bitumen content in the volume percentage

n Exposure model exponent, Kirk's exponent is used here at 5.62

dN Number of design loads during the period

Ktemperature A temperature correction which makes the material less suscepti-

ble to fractures at high temperatures
CPractor A set constant which calibrates the process to actual conditions

The factor kemperature is calculated by k = C1 x 10L(T+¢2/C3]

The constants C1, C2 and C3 depend on the temperature, T, as shown in the follow-
ing table and figure:
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T<16°C 16°C<T<21°C 21°C<T
C1 0.0005 0.22 1
C2 17.8 -16 -21
C3 12.8 7.6 3
Table 6 Constants in the temperature correction factor.
10.00
- = = .<16°C
s 1.00
= 16-21°C
3 — —>21°C
< A
~ 010¢ O Model
0.01
10 15 20 25
Temperatur, T, °C

Figure 5 Graphical representation of the temperature correction factor for the
model.

2.3.8 Permanent deformation

Permanent deformation comes from plastic strain. Plastic strains are calculated
based on the E values of the materials and dynamically calculated stresses using the
Equivalent Thickness Method.

The permanent deformation of a material can take place in up to 3 phases:

Phase 1 The plastic strain rate of the material is decreasing
Phase 2 The plastic strain rate of the material is constant
Phase 3 The plastic strain rate of the material is increasing

The transition between the three phases typically occurs at constant levels of perma-
nent deformation, as indicated in the figure below. Phase 3 does not occur under
normal operating conditions, as it corresponds to the pavement being in a collapse
situation. Phase 3 is, consequently, not included in the program.
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Figure 6 Model for permanent deformation.
The general form of Phase 1 is:

gy = AXNE X (0/0,5r)" for ep< g0 (XVII)

and for Phase 2:

C/B

&y = &g+ (N — No) X AYVE X B X £y V8 % (0/0yef) forep>e0  (XIX)

in which
Ny = £,/ x A~1/B x (U/UTef)‘C/B (XX)

Here the formula parameters are as follows:

Ep Plastic strain

€0 The level of strain which indicates the transition from phase 1 to phase 2
N The number of design loads (refer to the elaboration in the text below)
No The number of design loads until the transition from phase 1 to phase 2
o Current stress (refer to the elaboration in the text below)

Oef Reference value for stress

A, B, C Material constants

The input stresses are the values calculated at any given time in the top and bottom
of the individual layer of the pavement, such that the seasonal variations of the ma-
terials are taken into account, as well as the degradation of the asphalt layer.

In MMOPP, the permanent deformation counter (N) in the simulations is reset after
each sudden thaw phase, as frost/thaw cycles, from experience, lead to a certain re-
positioning of the microstructure similar to the disturbance that occurs during the
filling of a road.
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The reset occurs only if there has been a frost penetration of at least 10mm in the
layer, where the total frost penetration is calculated as indicated in section 2.3.5.

In order for this reset not to lead to excessive permanent strains, the part of the de-
formation originating from the first 1,000 passages is ignored. As with structural
degradation, the asphalt layer of the pavement is considered as one unit.

Finally, it should be noted that the deformations calculated in the program are those
caused by normal post-compaction and limited displacement in layers not subject to
structural "flow". The heavy ruts which can occur when one exceeds the shear
strength of the materials for given layers, such as, for example, in asphalt materials
during extremely hot periods or in uniform-sized sanded materials which are over-
loaded and thereby break down, cannot be taken into account by the program. Pro-
tection against this degradation type can be ensured by, among other things, per-
forming rutting tests.
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3 Program installation

3.1 System requirements

The program can be run on all Windows 32-bit and 64-bit operating systems up un-
til Windows 10 at the end of 2016.

If you want to go directly into the MMOPP program’s database, this can be done in
Microsoft Access 7 or higher.

3.2 Installation

The program has been gathered into a self-extracting file that can be downloaded
from:

www.vejdirektoratet.dk/DA/vejsektor/ydelser/programmer/Sider/Dimensioneringspr
ogram.aspx

By default, the program will be installed in the BASIS2017 folder, under the follow-
ing path:

C:\Users\Public\MMOPP\BASIS2017\

By installing under C:\Users\Public\ it is ensured that the Windows operating sys-
tem doesn’t limit the user in editing files, and that the application can write to the
database and generate temporary files in the folder.

The two "lowest" folders in this path, \MMOPP\BASIS2017\, cannot be changed by
the user. The purpose of this design is to allow the user to create parallel folders for
separate projects under the MMOPP folder by copying the BASI1S2017 folder and
giving the new folder a name related to the current project. In the copied .INI file
(see Figure 15), the path should be corrected to fits with the current folder name. In
this way, you can safeguard against an insurmountable amount of surfacing alterna-
tives in the database, and this can be stored together with the project's other docu-
mentation. When copying a project, you should save a copy of the entire application
folder, as it is not guaranteed that future versions of MMOPP can run on old data-
bases.

On computers with Danish Windows, the path C:\Users\Pub-
lic\MMOPP\BASIS2017\ will instead be c:\brugere\delte
filenMMOPP\BASIS2017\. Windows makes the necessary conversion itself. The
English-language "\Users\Public\" can still be used in .INI files.

The following installation instructions require that the user (even temporarily) has
administrator rights on the computer.

The MMOPP installation file is called SetupMMOPP2017.exe. The program's in-
stallation is started by double-clicking the downloaded file.

You must then confirm that you allow the SetupMMOPP2017.exe program to make

changes to your computer. This requires administrator rights. Click "Yes", then the
following screen will appear:
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Velkemmen til MMOPP2017 installation |

Dette program vil installere MMOPP2017 og
databasen mmopp2017a.mdb pa din computer.
Tast "OK for at fortsestte, "Cancel” for at afslutte.

| QK | ’ Cancel

Figure 7 Welcome screen

Pressing "OK" displays the following screen:

WinZip Self-Extractor - setupMMOPP2017.2xe

"Vejregelgruppen for Dimensionering af vejbef sestelser”.
Data omfatter alle geengse vejbygningsmatenaler
medio 2017 -tnvk "Setup” for at starte installationen.

@E MMOPF er udviklet og kalibrerst til danske forhold af
201 7§

About

Figure 8 Start setup

By clicking "Setup", the following screen is displayed on a blue background:

[ @ Mrmopp2017 Setup Iﬁ \

@ Welcome to the Mmopp2017 installation program.
=

Setup cannot install system files or update shared files if they are in use,
Before proceeding, we recommend that you dose any applications you may
be running.

Exit Setup

Figure 9 Remember to close other programs

Pressing "OK" leads to the following screen:
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[ 'ﬂ Mrmopp2017 Setup @ ‘

Begin the installation by dicking the button below.

Click this button to install Mmopp2017 software to the spedfied destination
i| directory,

...................................

Directory:
C:\Wsers\Publich Change Directory

Exit Setup

Figure 10 Start the installation or the possibility to change the path

The installation is started by clicking the big button with the image of a desktop PC.
This produces the screen in Figure 12.

You can choose another path within \MMOPP\BASIS2017\ by clicking "Change
Directory". You’ll be presented with the screen below, where one can enter the path
you’d like in the field "Path", but without the \MMOPP\BASIS2017\.

z@ Change Directory Iﬂ

Enter or select a destination directory.

Directories:

ac)
aUsers

Ok

[ | »

|:| Documents c |
[ Downloads ance

[j_‘| MMOPP -

Drives:
| & c: [0SDisk] ~|

Figure 11 Entering a modified parent path

After entering a possible change of path, you will return to Figure 10 by clicking
"OK". The changed path will then be displayed in Figure 10.
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@ Mrmopp2017 - Choose Program Group M

Setup will add items to the group shown in the Program Group box,
You can enter a new group name or select one from the Existing
Groups list,

Program Group:

ildl

Existing Groups:

AcCcessories
Administrative Tools
Maintenance

Startup

Continue | Cancel

Figure 12 Info about creating a program group

Click "Continue™ to accept the creation of a "Mmopp2017" program group. The in-
stallation is performed after this.

Questions can be asked during the installation regarding whether you want to over-
write newer files, such as shown below. Click "Yes" to keep existing versions.

Version Conflict @

A file being copied is not newer than the file currently on your
system. Itis recommended that you keep your existing file.

File name: 'C:\Windows\System32\Comdlg32. oo

Description: 'CMDialog ActiveX Control DLL

Your version: '6,1.97.32

Do you want to keep this file?

Mo Mo to All

Figure 13 Click "Yes" to keep existing files

When the installation is complete, the following is displayed - click "OK" to exit.
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Mmopp2017 Setup I&

Mrmopp2017 Setup was completed successfully.

i:igure 14 Installation completed

After completion of the installation, make sure that the MMOPP.INI file's third line
contains the address of the current directory if one different than the default was se-
lected.

The INI file can be edited in Notepad. The name of the database used in the calcula-
tions is stated in the second line of the file.

mj Mmopp.ni - Motepad l = | (=) |_-E."h]
File Edit Format View Help
Language=dansk -

mmopp2017a. mdb
C:\Users'\Public\MMOPP,BASIS2017",

4 ;

i:igure 15 MMOPP.INI file specifies the database and path

After that, the program should be ready to run by double-clicking the
MMOPP2017.exe program in the current application folder or on the MMOPP2017
icon in the start menu (if this was created).

The program is installed with a database called mmopp2017a.mdb. The name indi-
cates that this is a version "a". Adding or altering the material and design parameters
of the road standards will allow for revised databases later on, named according to
the same principle.
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33 Known issues

Problems may occur when installing MMOPP. Known issues are described in a dy-
namic document, which is available on the Danish Road Directorate's website and
can be downloaded from:

www.vejdirektoratet.dk/DA/vejsektor/ydelser/programmer/Sider/Dimensioneringspr
ogram.aspx
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4 Using the program

4.1 General
The MMOPP program has two basic operating methods:

+  Designing according to the traditional analytical method, either with simple
traffic and material options or with user-defined inputs

«  Designing the degradation process by simulation, either by checking the
lifespan(s) of a given pavement or by optimisation, where the most economical
pavement that will meet the required lifespan requirements of the construction
is ascertained

The program uses conventional Sl units. In the program's "main window", "Input
parameters” (see page 24), the current units for data that is not dimensionless are
displayed when the mouse pointer is brought over that particular field.

When designing, MMOPP calculates the required layer thicknesses to achieve a the-
oretically expected lifespan that meets the desired design period. This often results
in "slanting™ layer thicknesses, which the user can subsequently round off appropri-
ately, after which it should be checked that the desired theoretical lifespan is still
present.

The program ends by clicking the "End" button found in the "Input parameters"

window (see section 4.2.1), as well as in all the material selection windows which
lead to "Input parameters".
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4.2 The program’s screens

An explanation is given below of the basic input values in MMOPP's screens. These
screens are:

* Input parameters

*  Layer

*  Climate (disabled by default)
+ Load (disabled by default)

«  Limits (disabled by default)

Some of these screens are disabled and are thus hidden for users in the Road Stand-
ard Edition of MMOPP, in order to ensure that only inputs which are in accordance
with the prerequisites of the Road Standard are used. Information on how these
screens can be enabled can be obtained from the Chairman of the Road Standards
Group for the Design of Road Pavements.

4.2.1 The "Input parameters" window

The "Input parameters™ window can appear in two calculation modes, depending on
the calculation situation, which can be one of the following:

*  Analytical design

«  Design by simulation

Transition between the two calculation situations takes place by means of the two

"option buttons" respectively labelled "Analytical” and "Simulation” in the right
side of the screen.

Figure 16 and Figure 17 show the window "Input parameters" for, respectively, ana-
Iytical design and design by simulation:
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Input parametre
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igure 16 Input parameters - analytical calculation mode.

Input parametre

G0 ABE Modf.  GaAEB | 40/60
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Figure 17 Input parameters - simulation calculation mode.
As can be seen from Figure 16 and Figure 17 over the background in the "Thick-

ness" input fields can have different colour, with the meaning therefore being de-
scribed below:
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*  White background: No comments

«  Yellow background: The minimum thickness of the material is used cf. Table 8
and 9 of [ref. 11] => it should be investigated whether another layer can be se-
lected which provides for a thinner construction

* Red background: Thickness of a material greater than the recommended maxi-
mum when laid in a layer, cf. Table 8 and 9 of [ref. 11] => the layer must, thus,
be laid in several stages (selection of a material that can be laid thicker in one
layer may possibly result in an overall cheaper price for the pavement)

Selection of other materials is described in the example below, see section 4.3.2.

In both calculation situations, there are usually the following four layers in a pave-
ment (indicated from top to bottom):

+  Reinforcement layer

«  Bound wearing course/binder course/base layer

«  Unbound base layer

»  Subbase

In addition, there is also always a subgrade that can be calculated to have an infinite
area.

There is, generally, no reinforcement layer (New layer). This only occurs if the user
enters values for the layer or displays a previous calculation where there is a rein-
forcement layer themselves.

If a user has chosen the subgrade as "Frost-proof”, there will not be a subbase layer.

The "Input parameters™ screen contains a number of input fields for both calculation
situations; both "Analytical" and "Simulation™:
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«  Thickness: Thickness of layers (see below for an elaboration on the thickness
of bound layers)

«  Evalue: E value of layers (see below for an elaboration on the E value of
bound layers)

»  Name: User-defined name for the design/simulation
«  Quantity per year: Annual design traffic

+  Growth, %: Annual traffic growth (MMOPP uses the formula for increasing traf-
fic growth, as specified in section 2.2 of [ref. 11]. When using decimals it is im-
portant to use decimal characters which match the computer’s configuration).

*  Min. speed and Max. speed: Minimum and maximum speeds for vehicles in the
design

»  Years of design or Years of simulation: Design period/number of years of the
simulation

*  Number of simulations: Number of simulations of degradation (only for "Simu-
lation", where the default is 10 simulations - see also section 4.4)

«  Starting season: Season at the start of simulations (only for "Simulation”, where
the default is five - which corresponds to "Summer" - cf. Figure 20)

»  Length: Length of the section modelled in MMOPP (Simulation only, where
the default is "30" metres - see also section 2.3.3)

For the materials, the bound layers are listed on one line with the up to three layers
which can be used in MMOPP at one time. On this line, the selected thicknesses for
the first two bound layers are specified (the wearing and binder course selected by
the user), while the thickness of the third bound layer is the difference between the
first two bound layers and the total thickness in the "Thickness" input field.

If there are three bound materials, a mouse click on the light grey line, with the
bound binder course and base layer, will open a new window where thicknesses of
each of the three layers are specified (see the figure below):

(5 =)

katerale  Tykkelze

AB an

ARB G

GAE | = BO-110
E-wveerdi
3342

Accepter | Annler |

FLigure 18 Indication of the thickness of the three layers which make up the total
thickness of bound wearing courses/binder courses/base layers.

In the "E value" field on the line with the bound layers, the combined E value of the
bound materials is specified. This combined E value is based on Odemark'’s Equiva-
lent Thickness Method, with the formula for the combined E value being written as
indicated below:
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E = <(h‘+@>3 (XXI)

equivalent — ¥
i

An example of a calculation of the combined E value of bound materials is included
in section 4.3.4.

By reinforcing existing pavements, the thickness and E value of the reinforcement
layer appears in the input fields next to the "New layer" line. Examples of analytical
reinforcement design and the design of reinforcement by simulation are included in
sections 4.3.6 and 4.4.3.

As described in the handbook for the Design of Pavements and Reinforcement Sur-
facings, cf. section 3.4 of [ref. 11], the viscoelasticity of the asphalt means that the E
value of the asphalt is reduced at speeds below 60 km/h.

MMOPP can perform this adjustment automatically, based on the average value of
"Min speed” and "Max speed" on the "Input parameters" screen. An interval should
be specified, especially if you will be performing a simulation afterwards, as a uni-
form speed in all simulations will cause unrealistic results due to resonance in the
calculation procedure.

With such an adjustment of speeds, the value of the asphalt is not immediately
changed in the data field, as this value is the basis for the simulation calculations
(see section 4.4). Instead, the speed-adjusted asphalt E value appears to the right of
the heading "E value" in the "Input parameters™ screen.

The "Input parameters™ screen contains a number of buttons for both calculation sit-
uations; both "Analytical™ and "Simulation™:

« New calculation: Switches to the start screen, so that a new or previous pave-
ment can be selected

»  Save: Saves the current pavement with the name displayed in the "Name" input
field (Previous calculations with the same name will be overwritten without notice!)

«  Start: Starts the simulation and a screen appears showing the number of the cur-
rent simulation, see also section 4.4 (only with "Simulation")

«  End: Closes MMOPP without notice

* Analytical: MMOPP performs an analytical design, see also sections 4.3 (only
with "Analytical")

«  Optimise: Optimises the pavement based on user-entered unit prices, see also
section 4.4.2 (only with "Simulation™)

»  Lifespan, years: MMOPP calculates the theoretical lifespan in years of each
layer in the pavement and displays the result in a new screen, see also section
4.3.1 (only with "Analytical")

»  Default E: Opens a new screen where the user can specify whether default or
user-defined values are to be used for the individual materials, see also section
43.2

« Total xls: Opens Excel and displays a printout of the results of all the calcula-
tion data for each individual simulation, including the parameters in the basic
calculation routines (only with "Simulation™).
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»  Graph xls: Opens Excel and displays a printout of all the calculation data for
each individual calculation step of each individual simulation, including the pa-
rameters in the basic calculation routines, as well as graphs with the different
degradation processes, see also section 4.4.3 (only with "Simulation™)

« Data xls: Opens Excel and displays an overview of results for each individual
simulation, as well as the construction of the pavement (this overview can usu-
ally be considered as adequate documentation for a design of required layer
thicknesses)

» Display results: Opens a new window with results from each individual simula-
tion, as well as the averages and spread of results, see also section 4.4.1 (only
with "Simulation™)

«  Layer: Opens a new screen where the user can select other materials or another
thickness of bound wearing and/or binder courses, but it is not possible to re-
move or add layers, see also section 4.3.2

4.2.2 The "Layer" window
This window is enabled by the "Layer" button in "Input parameters".
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Figure 19 Data for each type of layer (the pavement displayed is a copy of the pave-
ment in the "Input parameters™ screen, before any potential user changes).

This window is enabled by the "Layer" button in "Input parameters".

This window shows the default parameters for the application and the properties of
the materials, with these being indicated by the following terms:

«  Material: A description of materials, in accordance with the relevant Road
Standard

»  Layer type: Wearing course, binder course, bound base layer, unbound base
layer, subbase layer, subgrade

«  Maximum stone size: Only relevant for asphalt materials and not necessarily
specified
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Penetration of base bitumen: A description of the bitumen hardness, in accord-
ance with the tender specification for hot mixed asphalt (only relevant for as-
phalt materials)

Thickness: Minimum thickness of a given material

Evaluel: The E value of a given layer, used for the top 100 mm of the layer
measured from the top of the combined pavement

Evalue2: The E value of a given layer, used for a material located below the top
100 mm of the layer, measured from the top of the combined pavement
("Evalue2" only differs from "Evaluel” for asphalt materials)

Min E10: The lowest recommended E10 load per day per lane for the material
Max E10: The highest recommended E10 load per day per lane for the material

The above parameters are used in both analytical design and design by simulation
and are in accordance with the handbook for the Design of Pavements and Rein-
forcement Surfacings, [ref. 11].

By clicking the given layer in the pavement in Figure 19 a list of material types for
this layer is displayed.

Once the desired layer is selected, click the "Back™ button.

4.2.3 The "Climate" window
This window is disabled in the Road Standard Edition of MMOPP.
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FLigure 20 Climate data.

This window appears by clicking the "Climate" button in "Input parameters” after
having enabled the advanced settings.
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The window contains a number of seasons with the following parameters:

«  Days: The number of days in the given season (the sum of the days in all the
seasons tallies up to 365)

»  Temperature: The average daily temperature for the given season

»  E value coefficient per layer: The coefficient which the E value of any given
layer must be multiplied by for the given season (Layer 1: Bound wearing
course/binder course/base layer, Layer 2: Unbound base layer, Layer 3: Sub-
base, Layer 4: Subgrade)

The above parameters are only used in design by simulation, for example, for layer
2 (e.g. SG I, default E value of 300 MPa) in the winter period; an E value of 300
MPa x 4.2 = 1,260 MPa.

The temperature indication serves as a calculation of the asphalt materials’ suscepti-
bility to crack initiation. At high temperatures, asphalt materials are less prone to
cracking, thereby reducing the susceptibility to crack initiation (the asphalt layer can
be subjected to greater strain without causing cracks when the asphalt is soft) - see
also section 2.3.7.

The specified temperatures are air temperatures. These are converted to asphalt tem-
peratures by the program, taking into account the layer thickness, in accordance
with a model based on the "Shell pavement design manual” [ref. 1].

Changed temperature conditions can be given a new name in the field under the
"Save as" button.

The fields "Sub-zero temperature days" and "sdf" contain the parameters which de-
termine the stochastic calculated frost penetration, as specified in section 2.3.5.

Once the climate has been selected, click the "Back" button.
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4.2.4 The "Load" window
This window is disabled in the Road Standard Edition of MMOPP.
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FLigure 21 Load data.

This window appears by clicking the "Load" button in "Input parameters” after hav-
ing enabled the advanced settings.

The window contains tire pressure, masses, spring constants and damping constants
and is used for both analytical design and design by simulation.

For a given simulation, load combinations of loads from a total of six different sin-
gle or twin wheels can be applied. These are defined in "Load windows" where they
are inserted into the required load combination by clicking the "Add to" button.

If a combination of multiple loads is selected, the "Input parameters" window must
indicate the first year's traffic (quantity per year) and the traffic growth (growth, %)
separately for the individual loads in the combination.

In the analytical design, MMOPP, by default, calculates a 20% shock allowance in
addition to the load displayed (the sum of "Wheel mass" and "Sprung mass").

If you want to make an analytical design with, for example, only a 10% shock al-
lowance, then the wheels’ "Wheel mass" and "Sprung mass" must be reduced by a
factor of (100 + 10)/(100 + 20) = 0.92. This load can only be used during analytical
design, seeing as with simulation calculations, dynamic effects are automatically
calculated, based on the speed and the evenness of the pavement, which is why the
full load without a shock allowance must be used.

Once the load is selected, click the "Back" button.
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4.2.5 The "Limits" window
This window is disabled in the Road Standard Edition of MMOPP.
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Figure 22 Limits for the lifespan of the pavement.

This window appears by clicking the "Limits" button in "Input parameters"” after
having enabled the advanced settings.

The window contains the constants which, in connection with design by simulation,
determine when the lifespan has been reached in accordance with the following cri-
teria:

«  Maximum permissible unevenness (IRI)
«  Maximum permissible rutting
«  Minimum ratio of the average E value of asphalt to intact asphalt

«  Minimum ratio of the lowest E value of asphalt to intact asphalt
The above four parameters are only used in design by simulation.
Changed limits can be given a new name in the box next to the "Save as™ button.

Once the limits are selected, click the "Back™ button.
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4.3 Analytical design

When the program is started, a screen will be presented with the choice between
"New calculation™ or "Previous calculation™. By selecting "New calculation” one is
taken through to options for the following parameters:

«  Traffic load class: Select traffic class T1 to T7
+  Pavement type: Select the type of wearing course

+ Pavement: Select the thickness (mm) and, if so desired, the bitumen hardness of
the wearing course

«  Binder course: Select the thickness (mm) and, if so desired, the type as well as
the bitumen hardness of the binder course or "None"

«  Bound base layers: Select the type of bound base layer, including the bitumen
hardness of asphalt materials and the type of HBB materials or "None"

* Unbound base layer: Select the type and quality of unbound base layers or
"None"

»  Subgrade: Select the type of subgrade (*“frost-proof”, "frost-susceptible™ or
"splitting frost-susceptible™)

« Ifthe subgrade is specified as "frost-susceptible™ or "splitting frost-suscepti-
ble", for the sake of risk of frost heaving, please state whether the pavement has
been drained (by using kerbstones, as well as culverted drains or paved verges)
or "undrained" (water may penetrate the pavement from ditches, unpaved
verges or the like)

Below are a few examples of analytical design in MMOPP.

4.3.1 Default design
Below is an example where a pavement is desired to be designed based on the fol-

lowing options:

+  Select "New calculation™

»  Select traffic class "T3"

»  Select "PA" as an asphalt wearing course

+  Select"25 PA 250/330 E = 500" (25 mm powdered asphalt with a bitumen
hardness of 250/330, which has an E value of 500 MPa at 30°C by default)

+  Select "50 GAB.0 70/100 E = 2000" (50 mm hot-mix asphalt concrete base,
type 0, with a bitumen hardness of 70/100, which has an E value of 2,000 MPa
at 30°C by default) as the asphalt binder course

«  Select "GAB.I 70/100 "(hot-mix asphalt concrete base, type I, with a bitumen
hardness of 70/100) as the asphalt base layer

+  Select "SG II" as the unbound base layer

»  Select "Frost-susceptible™ as the type of subgrade

+  Select "No", as this example does not use kerbstones, culverted drains and
paved verges, so there is a risk that water can penetrate the pavement

These selections are illustrated in the following figure:
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Figure 23 Default design - data input squence.

Once all the necessary selections have been made, MMOPP performs an analytical
design in accordance with the design criteria in section 2.2 and the use of a 5-tonne
twin-wheel + 20% shock allowance as the design load, and the "Input parameters”

screen is presented, with reference to the following figure:
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Figure 24 Default design - the main screen "Input parameters".
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As displayed in the figure above, the total asphalt thickness is 125 mm, of which 25
mm is made of wearing course and 50 mm is made of binder course, which means
that the base layer should be 50 mm thick. MMOPP has thus designed the following
pavement:

* 25 mm PA 250/330

50 mm GAB 0 70/100

50 mm GAB | 70/100

« 150 mm SG II

e 325mmBLII,U<3
This design has been made based on the following default inputs:

«  Design traffic: 18,300 E10/year (default for traffic class T3)
* Annual traffic growth: 0%

»  Speed: 70 km/h (average of minimum and maximum speed)
»  Design period: 10 years

»  Type of subgrade: Frost-susceptible (that is to say, the pavement thickness is at
least 600 mm for the given traffic class, in accordance with the handbook for
the Design of Pavements and Reinforcement Surfacings (cf. Table 10 in [ref.
11]), as there is a risk that water can penetrate the pavement)

* Rigidity of the subgrade: 40 MPa (default for frost-susceptible subgrade)
*  Subbase: BL II, U < 3 (default material for subbase)

If the above default input is correct, the design is complete - otherwise you must
change the default input, as described in the next example, see section 4.3.2.

Clicking the "Lifespan, year" button presents a new window with a range of infor-
mation for each layer, with reference to the figure below:

- L= | B e
Lag E-veerdi | Kitisk [ Tiladelig | Levetid, &
1 1742 340 34E 109
2 300 0.232 0.256 149
3 100 0.080 0.080 10.0
; a0 0007 e e

Figure 25 The E value, as well as the calculated values for the individual layers in
the pavement.

The above figure shows the following for each layer (Layer 1: Bound wearing

course/binder course/base layer, Layer 2: Unbound base layer, Layer 3: Subbase,
Layer 4: Subgrade):
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«  Evalue: The E value of layers (same values as on the "Input parameters”
screen)

»  Critical: The calculated value of the critical parameter, based on the given traf-
fic load and E value of individual layers

*  Permissible: The calculated permissible value of the critical parameter, based
on the traffic load in relation to design criteria for individual layers, see section
2.2

«  Lifespan, years: The calculated theoretical lifespan based on the calculated
value of the critical parameter in relation to design criteria for individual layers,
see section 2.2

The critical parameter depends on the material type in the individual layer - horizon-
tal strain on the underside of bound materials and vertical stress on the top of layers
for unbound materials, cf. section 2.2.

The layer with the shortest lifespan is called the critical layer.

4.3.2 User-defined design

In connection with a design in MMOPP, the following default inputs and selection
of materials can be changed in the "Input parameters™ screen:

. Name

«  Design traffic

e Speed
« Evalue
»  Material

These options for changes are described below:

Name changing

You can enter a name for a given design in the "Name" input field. By clicking the
"Save" button, the current "Input parameters™ screen with the given design will be
stored in the MMOPP folder and can be retrieved by clicking the "Previous calcula-
tion™ button on the startup screen.

By clicking the "Save" button, previous calculations with the same name will be
overwritten without notice!

Design traffic changes
The total design traffic is a combination of data in the following input fields:

*  Quantity per year: The traffic load as the number equivalent to E10 loads in the
design

»  Growth, %: The annual growth of traffic load in the design
*  Years of design: The length of the design period
Often users will have made a calculation of the total design traffic based on the

handbook for the Design of Pavements and Reinforcement Surfacings, [ref. 11]. The
annual number of E10 loads, as well as the length of the design period are entered in
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the "Quantity per year" and "Years of design” input fields. If the calculation of the
total design traffic already contains traffic growth, the value "0" is retained in the
"Growth, %" input field.

The design is then made by clicking the "Analytical” button.

In the example of a default design, see section 4.3.1, a pavement was designed
based on default inputs.

In the following example, the total design traffic throughout the design period is cal-
culated as 400,000 E10 loads. With a design length of 20 years, this gives 20,000
E10/year. This is entered manually in the "Input parameters™ screen, after which the
"Analytical" button is clicked and the following screen appears, with reference to
the figure below:

-
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FLigure 26 User-defined design - changed design traffic.

Compared to the default design example, where the traffic load was less, see Figure
24, the total thickness of the asphalt layers is increased by 14 mm, while the thick-
ness of the unbound base layer and subbase is increased by 40 mm and 46 mm, re-
spectively, so the total pavement thickness is 700 mm, which corresponds to the
current traffic class, cf. Table 10 of [ ref. 11].

Seeing as the thickness of the wearing and binder courses has been determined, the
increase in total asphalt thickness has taken place in the asphalt base layer. In this
way the thickness has now reached the minimum thickness, and therefore the yellow
background has disappeared.

In order to show the effect of increased traffic, a design is now made of double the
quantity of traffic loads (2 x 20,000 E10/year = 40,000 E10/year), with reference to
the figure below:
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FLigure 27 User-defined design - doubled design traffic.

By doubling the design traffic when compared to previously, see Figure 26, the total
thickness of the asphalt layers is increased by 21 mm, while the thickness of the un-
bound base layer is unchanged and the thickness of the subbase layer is reduced
with the increase of the asphalt thickness, so that the total pavement thickness still
corresponds to the minimum for the current traffic class.

Change of speed
As described in section 4.2.1, speeds below 60 km/h causes the E value of the as-
phalt to be reduced (MMOPP can make this deduction automatically).

In the following example, the speed is reduced from above 60 km/h, see Figure 27,
to 10-20 km/h (an average of 15 km/h) and its effect is shown in the figure below:
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FLigure 28 User-defined design - reduced design speed.

A reduction in the design speed can be due to signs or the road’s geometry (narrow-
ing of the lanes, intersections, slip roads, bus stops or the like) and, as seen from the
above figure, the reduced E value of the asphalt layers is shown next to the heading
"E value".

Compared to the example above of doubled design traffic, see Figure 27, the total
thickness of the asphalt layers is increased by 35 mm, while the thickness of the un-
bound base layer and subbase is reduced by 20 mm and 15 mm, respectively, so that
the total pavement thickness still corresponds to the minimum for the current traffic
class.

E value changes

Clicking the "Default E" button gives the user the following options:
*  Use E values for default materials (selected by default)

*  Use E values from the input form

»  Use default E values for bound layers

Selections are made with the option buttons and, after selecting, by clicking the
"OK" button.

Generally speaking, default values are selected for the individual materials, includ-
ing the subgrade, and MMOPP automatically reduces the asphalt’s E value (if appli-
cable), based on the average of the minimum and maximum speed.

By selecting "Use E values from the input form", MMOPP uses the user’s input E
value for the individual layers, thus reducing the E value of the asphalt, even though
the average speed is less than 60 km/h.
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By selecting "Use default asphalt E values”, MMOPP still automatically reduces the
E value of the asphalt (if applicable), while the user’s input for E value for the un-
bound layers as well as the subgrade is used by MMOPP.

By clicking the "Default E" button, the user’s selection is retained in the subsequent
designs, until a new selection is made or MMOPP closes.

In the figure below, "Use default E values for bound layers™ is selected after click-
ing the "Default E" button, after which the rigidity of the subgrade is changed to 70
MPa and the "Analytical” button is clicked:

-
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FLigure 29 User-defined design - changed E value of the subgrade.

With a more rigid subgrade (higher E value of the subgrade), the total thickness of
the asphalt layers can be reduced, but on the other hand, the thickness of the un-
bound base layer must be increased while the subbase layer is adjusted to comply
with the required pavement thickness.

It may seem paradoxical that a more rigid subgrade doesn’t cause the thickness of
all layers in the pavement to be reduced, but it is completely in line with the linear
elastic calculation model, as well as with practical conditions. The more rigid a sub-
grade, the lesser the deflection of the pavement, but also the lesser the distribution
of pressure down through the pavement, as the pressure depth narrows. For a given
pavement, the strain in the underside of the layers will thus be reduced, while the
vertical stress in the upper side of the layers will increase with a more rigid sub-
grade.

For the unbound layers, it is the vertical stress across the layer which is the critical
parameter, cf. 2.2.1, and, in this example with a more rigid subgrade, there is thus a
need for an increased layer of base course of gravel to protect the underlying sub-
base layer, as well as the subgrade.

42 September 2017



CONSTRUCTION AND PLANNING DESIGN OF PAVEMENTS AND REINFORCEMENT SURFACINGS

Material changes
In MMOPP you cannot remove or add materials to the pavement (if you wish to do
this, you must start over again by clicking the "New calculation” button).

However, one can select another material, which can be relevant for when a given
material has the minimum thickness or has a thickness greater than the maximum
thickness.

In the above example, see Figure 29, both the bound layers and the subbase layer
are highlighted in red, as the thickness of, respectively, the asphalt base layer and
the subbase layer is greater than the maximum thickness for laying in one layer.
However, there can seemingly be done nothing about the subbase layer, as it is this
layer thickness that is needed based on the traffic load and rigidity of the subgrade,
but, on the other hand, the asphalt materials can be changed.

The user must be aware of the fact that, when using MMOPP, one is guided through
the design process step by step, and, based on the selected traffic class, one only re-
ceives the option to select the types of materials recommended for this traffic load.
Thus, you will never have the option to select, for example, "OB" for a road in traf-
fic class T7.

If you want to replace a material with another, you will be presented with all materi-
als of the same type (all types of wearing courses, if you’d like to change wearing
courses and so on), and it is then the user's own responsibility to select a suitable
material. With regard to the selection of suitable asphalt materials, one can rely on,
for example, Table 8 or 14 in the handbook for the Design of Pavements and Rein-
forcement Surfacings, see [ref. 11].

To select another material, click the "Layer" button and a new window will open
showing the individual layers in the current pavement. By clicking the layer where
you want to change the material, a new window opens with all the different types of
this type of material. The figure below shows that the asphalt base layer "GAB |
70/100" has been replaced with the material "GAB I1 40/60":
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Figure 30 User-defined design - changing the asphalt base layer.
By clicking the "Back™ button one returns to the "Input parameters"” screen.

When replacing bound materials, MMOPP cannot update the combined E value,
which MMOPP otherwise automatically calculates, based on the Equivalent Thick-
ness Method (see also section 4.3.4). This happens where there is a big difference
between the E value of the original bound material and the new bound material.

When clicking the mouse on the light grey line with bound binder course and base
layers, a new window will appear, where thicknesses of each of the three asphalt
layers are specified, and MMOPP uses this to calculate the combined E value auto-
matically.

After replacing one or more layers, click the "Analytical” button to create a design
with the new layer(s) - see the figure below:
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FLigure 31 User-defined design - changed asphalt base layer.

As can be seen from the above figure, the red background has now disappeared
from the input field with the required overall layer thickness of the asphalt layer.

The asphalt base layer GAB |1 can be laid with a greater thickness than GAB |, but,
in this example, the bitumen hardness was also increased from a penetration of
"70/100" to "40/60". The more rigid bitumen also results in a higher E value, cf. Ta-
ble 8 of [ref. 11], thereby reducing the total asphalt thickness.

4.3.3 Manual analytical design

In certain situations, the analytically determined layer thicknesses can be inappro-
priate. This may apply, for example, to road widenings, where a certain pavement
thickness and/or asphalt thickness are desired or if the analytically determined thick-
ness of the base course of gravel becomes too much for the layer to be built into one
layer.

As described in section 4.3.1, a new window will appear by clicking the "Lifespan,
year" button, cf. Figure 25. By manually adjusting the layer thickness of the individ-
ual layers, one can, by clicking the "Lifespan, year" button, check that the desired
lifespan is present for each individual layer.

Below is an example of a pavement with a base course of gravel layer which ex-
ceeds the recommended maximum thickness of 250 mm, cf. Table 9 of [ref. 11]. In
this example, the desired theoretical lifespan is manually ensured by increasing the
thickness of the asphalt base layer after reducing the thickness of the base course of
gravel layer:
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Adjusted thickness of SG:
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Figure 32 Manual analytical design - the thickness of the base course of gravel layer is reduced by an in-

creased thickness of the asphalt base layer.

With a default analytical design (top screen in the above figure), the background is
yellow for the total asphalt thickness, because the thickness of the GAB Il layer is
set to the minimum thickness. This means that the pavement as a whole is oversized
to a certain extent,as the theoretical lifespan of all the layers is longer than the 20-
year design period.

Similarly, the background is red for both the unbound base layer and subbase, be-
cause the thickness of both layers is greater than the maximum thickness, so these
materials will have to be integrated into multiple layers.

With the manual analytical design (bottom screen in the above figure), the thickness
of the base course of gravel layer is manually changed to 250 mm, after which the
total asphalt thickness is increased until the theoretical lifespan complies with the
design period for all layers. Once the thickness of the asphalt wearing and binder
course is determined, the thickness of the asphalt base layer is increased.

When performing a manual analytical design and one does not click the "Analyti-
cal" button, MMOPP does not perform the usual default checks with regard to the
following:

«  Compliance with the minimum pavement thickness for the given traffic class,
in accordance with the handbook for the Design of Pavements and Reinforce-
ment Surfacings, cf. Table 10 of [Ref. 11]

¢ Minimum and maximum thicknesses for the individual layers
The user must be aware of and check this themselves.
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In the bottom screen of the above figure, the background is still yellow and red for
the total asphalt thickness and for the thickness of the unbound base layer, even
though the asphalt base layer no longer has the minimum thickness and the base
course of gravel layer is no longer thicker than the maximum.

In the above example, the total pavement thickness is reduced, which is due to the
fact that asphalt has a higher E value than base course of gravel. In certain cases,
however, it can be advisable to maintain the pavement thickness, even if a manual
analytical design is performed.

In the example below, a manual analytical design is made where the pavement
thickness is maintained by increasing the thickness of the subbase layer, with refer-
ence to the figure below:

Adjusted thicknesses of layers:
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Figure 33 Manual analytical design - the thickness of the base course of gravel layer is reduced by an in-
creased thickness of the asphalt base layer, as well as the subbase layer, in order to maintain the
pavement thickness.

As seen from the above figure, an increase in the subbase layer causes the total as-
phalt thickness to also increase marginally. As described earlier, with reference to
the example of "E value changes" in section 4.3.2, a more rigid subgrade causes the
vertical stress in the upper side of the layers to increase (in this case, the subbase
layer (Layer 3) is the critical layer).

In order to comply with the design criterion for the subbase layer, the thickness of
one or more of the overlying layers should be increased, but, in this case, the thick-
ness of the base course of gravel layer cannot be increased, as this layer already has
the maximum thickness. Thus, only the total asphalt thickness can be increased to
ensure that the design criteria for all layers are met.
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4.3.4 Parallel design of pavements with hydraulically bound base layers (HBB)

Pavements with hydraulically bound base layers (HBB) are referred to as semi-rigid
pavements. In the handbook for the Design of Pavements and Reinforcement Sur-
facings, cf. [ref. 11], two different types of HBB materials, with varying strength
classes, have been included. HBB-A, which is a sandy material, and HBB-B, which
is a gravelly material, see section 2.2.3.

In 2003 a full-scale test, as well as a follow-up assessment of the load-carrying ca-
pacity of existing Danish motorways with the HBB layers were carried out, see [ref.
4]. The full scale test showed that the E value of the HBB layer is relatively rapidly
being reduced to a level significantly lower than the initial state, with reference to
the figures below.
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Figure 34 HBB-B: The degradation process resulting from repetitive loads over the design period - the
lifespan has been inserted in pure numbers, so "100%" is equal to 1.00 (in accordance with [ref.

4]).
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Figure 35 HBB-A: The degradation process resulting from repetitive loads over the design period - the life-
span has been inserted in pure numbers, so "100%" is equal to 1.00 (in accordance with [ref. 4]).

Due to the rapid reduction of the HBB layer’s E value, the semi-rigid pavements
differ from normal flexible pavements, in that, for the most part, the HBB layer has
a significantly lower E value than with new structures. In order to ensure the func-
tionality of the pavement during the entire desired lifespan, it is necessary to assess
the pavement with the HBB layer in both "initial state” and “terminal state".

Thus, the initial state describes the HBB layer at the time of construction, while the
terminal state describes the HBB layer once it has been degraded at the end of the
design period. During the intermediate period, the HBB layer is gradually degraded
due to the traffic load and the layer's E value follows a degradation process, as illus-
trated in the two figures above.

In the initial state of the HBB material, the required thickness of the HBB layer in
MMOPRP is designed based on the critical horizontal strain in the underside of the
layer.

In the terminal state, the design criterion for the HBB material is so lenient that it
will never be critical. The required thickness of the HBB layer is thus determined
for the sole purpose of protecting the underlying layers.

In both cases, the underlying layers are designed in accordance with the usual de-
sign criteria in MMOPP, while overlying asphalt layers are not designed. The user
should make sure with their MMOPP selections that the total thickness of the as-
phalt layer is at least 90 mm, cf. the hydraulically bound base layer tender specifica-
tion [ref. 12].
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The design of semi-rigid pavements with the HBB layers is best done by opening
two MMOPP calculations side by side - one with the HBB material in the initial
state and the other with the HBB material in the terminal state. By using the same
input parameters (type of subgrade, drainage conditions, E value of other materials,
traffic load), as well as to manually ensure that layer thicknesses are the same in
both MMOPP calculations, the theoretical lifespan of the pavement can be assessed
in both modes at the same time. This is the principle of parallel design of pavements
with HBB.

The parallel design can be used for both HBB-A and HBB-B materials and can be
done using the following two methods:

«  Simple analytical design in initial and terminal state
«  Manual analytical, iterative design

The parallel design with both of the above methods will be discussed below, based
on the same input parameters.

Simple analytical design in initial and terminal state
A pavement is desired to be designed based on the following inputs:

« Atraffic load of 280,000 E10/year, corresponding to traffic class T6, in accord-
ance with Table 1 in [ref. 11]

+ HBB-B, C8/10 is to be used as a bound base layer with a minimum of 120 mm
total asphalt thickness

«  The rigidity of the subgrade is 15 MPa, which means that it must be considered
"Splitting frost-susceptible,” unless laboratory investigations show that this is
not the case, see Table 10 of [ref. 11]

«  Kerbstones, culverted drains and paved verges are used
»  The design period is 30 years

«  The average speed is greater than 60 km/h, so MMOPP will not reduce the as-
phalt’s E value

Based on traffic class, type of subgrade and drainage conditions, the required pave-
ment thickness is, thus, at least 800 mm, cf. Table 10 in [ref. 11].

Two parallel MMOPP calculations are opened and the desired pavement is mod-
elled in its initial and terminal state, respectively, with the following options in
MMOPP (new screens for both MMOPP calculations will be opened in the same
spot on the screen, so one should continuously organise the corresponding screens,
so that one keeps up with which respectively belong to the initial and terminal
states):

»  Select "New calculation"
»  Select traffic class "T6"

«  Select "SMA" as an asphalt wearing course

+  Select "35 SMA Modif. E = 3000" (a 35 mm stone mastic asphalt with modi-
fied bitumen, which has an E value of 3,000 MPa at 30°C by default)
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Select "85 ABB Modif. E = 3000" (an 85 mm asphalt concrete binder course
with modified bitumen, which has an E value of 3,000 MPa at 30°C by default)
as an asphalt binder course

When selecting the bound base layer, different types must be selected in the
two MMOPP calculations

o MMOPP calculations with the HBB material in the initial state:
Select "HBB-B C8/10" (hydraulically bound base layer, type B, with
strength class Cg/1o in the initial state) as a bound base layer

o MMOPP calculations with the HBB material in the terminal state:
Select "HBB-B Terminal™ (hydraulically bound base layer, Type B,
in the terminal state) as a bound base layer

Select "SG 11" as the unbound base layer
Select "Splitting frost-susceptible™ as the type of subgrade

Select "Yes", as this example assumes that kerbstones, culverted drains and
paved verges are used, so there is no risk that water can penetrate the pavement

Click the "Default E" button and select "Use default E values for bound layers"

Customise the input (in this example, input for traffic load, design period, as
well as the subgrade’s E value)

Click the "Analytical" button in both screens with "Input parameters™ so that
the two MMOPP calculations separately design the required layer thicknesses
in the pavement

Click the "Lifespan, year" button on both screens with "Input parameters” so
that the theoretical lifespans of the two MMOPP calculations are displayed.

The above selections result in the following two screens with "Input parameters”, as
well as the associated table of theoretical lifespans, with reference to the two figures
below:
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Input parametre
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Figure 36 Initial state of the HBB: Simple analytical design - initially, separate de-

sign.

é

September 2017



CONSTRUCTION AND PLANNING

DESIGN OF PAVEMENTS AND REINFORCEMENT SURFACINGS

-

Input parametre
My beregning Tykkelze E-vaerdi
M ateriale Myt lag | | Gem
35 Sk Modif. 83 ABE Modif.  HBB-E Terminal 270 |2520
SG |1?|:| |3|:||:| Shut
Bundsikring Il U<=3 I oo TSR
Frostiarlig 15
Levetid, &r
Mavn |Simpel analytizk, HEEB i terminaltilztand g
Standard E
Ak 1 & Analisk
Antal pr. & SE0000 " Sirnulation
Waekst, & 0
Min hastished [gn = Max hastiohed {50
A1 i dimenzionering a0 D ata-ulz
Lag

Lag E-veerdi | Kitisk [ Tiladelig | Levetid, &

1 2520 143 E30) 87135571

2 300 0.063 0.094 180.3

J 100 0.050 LLE1 L 323

4 15 0.004 0.004: 305

Figure 37 Terminal state of the HBB: Simple analytical design - initially, separate
design.

In the initial state of the HBB material, the combined E value of "Layer 1" (the as-
phalt layer and HBB) is 8,754 MPa (cf. Figure 36) while the value is only 2.520
MPa when the HBB material is in the terminal state (Figure 37). This is because
HBB-B, Cg/10 has a default initial state of 15,000 MPa, while the terminal state at the
end of the design period is expected to have a default value of 2,000 MPa, cf. Table
1.

The lifespan of Layer 1 is only calculated for the HBB layer, as critical strains are
only checked for the bottom of the bound layers. The fact that MMOPP does not
check the lifespan of the asphalt layer is as a result of the fact that, for semi-rigid
pavements, experience tells us that it is not the asphalt layers which are the critical
layers.

As described above, the initial state describes the HBB layer at the time of construc-
tion. Due to the traffic load, the HBB layer will gradually be degraded until it
reaches the terminal state at the end of the design period. In order for the calculated
theoretical lifespan of the HBB layer to be correct, it is necessary that the
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underlying layers, including the subgrade, also have a sufficiently useful lifespan
when the HBB material is in the terminal state.

Because the design criterion for the HBB material in the terminal state is very leni-
ent, the calculated theoretical lifespan of the HBB layer in the terminal state is, thus,
not a realistic expression of this layer's lifespan. Therefore, the calculated theoretical
lifespan of the HBB layer in the terminal state can only serve as an indication that,
with the given construction, the HBB layer is not the critical layer.

The above initial designs will result in the following two constructions, with refer-

ence to the table below:

Layer Layer thickness [mm]
Initial state of the HBB | Terminal state of the
material HBB material

Asphalt wearing course, SMA 35 35
mod.
Asphalt binder course, ABB 85 85
mod.
Bound base layer, HBB-B, 170 150
Csio
Unbound base layer, SG 11 100 170
Subbase, BLII, U <3 440 780

Pavement thickness: 830 1,220

Table 7 Simple analytical design in initial and terminal state - initial construction
by separate design (from Figure 36 and Figure 37).

As can be seen from the above table, there is a difference in the required thickness
of the HBB and base course of gravel and subbase layers, depending on whether the
HBB material is in the initial or terminal state. The goal of the parallel design is to
find a construction that has the desired lifespan in both the initial and the terminal

state of the HBB material.

For the HBB material in the terminal state, the table above shows that a thicker layer
of base course of gravel is needed to protect the underlying subbase layer, as well as
a thicker subbase layer to protect the subgrade. The same protection could be
achieved by increasing the thickness of either the asphalt layers or the HBB layer,
but base course of gravel and subbase are the most immediate cheapest materials.

In this example there are two options, both of which provide a pavement with the
desired theoretical lifespan in both the initial and the terminal state:

54

September 2017




CONSTRUCTION AND PLANNING

e Alternative 1:

In the MMOPP calculation with the
HBB layer in the initial state, the re-
quired layer thickness for base course
of gravel and subbase is inserted from
the parallel design with the HBB layer
in the terminal state

o

With the thicker layers of base course
of gravel and subbase, the required
layer thickness of the HBB layer in the
initial state can be manually reduced
until the desired theoretical lifespan
has just been met

The thickness of the unbound layers is
reduced if possible, so that the desired
theoretical lifespan is still observed (in
this example, it is desired that the total
asphalt thickness should be at least
120 mm, otherwise this thickness
could also be reduced)

The theoretical lifespan of all layers in
this pavement is subsequently checked
in the terminal state for HBB
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e Alternative 2:

In the MMOPP calculation with the
HBB layer in the terminal state the re-
quired layer thickness for HBB is in-
serted from the parallel design with the
HBB layer in the initial state

(0]

With the thicker layer of the HBB in
the terminal state, the required layer
thickness of the base course of gravel
and subbase layers can be manually re-
duced until the desired theoretical
lifespan has just been met

The thickness of the HBB layer is re-
duced if possible, so that the desired
theoretical lifespan is still observed
(the same remark as in Alternative 1
regarding the possible reduction of the
asphalt layer applies)

The theoretical lifespan of all layers in
this pavement is subsequently checked
in the initial state for HBB

The above two alternative pavements are shown in the following two figures:

Initial state of the HBB:

Terminal state of the HBB:

Input parametre Input parametre
Ny beregring Tykkelse = E-vaerdi My beregning Tykkelse = E-vaerdi
Materiale Myt lag l— l— Gem Materiale Myt lag l— l— Gem
35 SMA Modif. 85 ABB Modif.  HBEB-B C3A10 W W 35 SMA Modif. 85 ABE Modif.  HBB-B Temminal |273 W
SG 170 300 Slut SGI 170 300 Slut
Burdsikring Il U<=3 B Analytisk Bundsikring Il Ll<=3 i o0 Analytizk
Frastfarlig [15 Frastfarlig [15
Nawn [Simpel analptisk, HEE i initialilstand RS Navn [Simpel analytisk, HBB i terminaltilstand
: Standard E : Standard E
b I * Analytisk Hiud L + Analytisk.
Antal pr. & [2a0000 " Simulation Antal pr. & [2a0000 " Simulation
Weekst, % ’D— Weskst, % ’D—
Min hastighed ,ﬁ Max hastighed ,ﬁ Min hastighed ,ﬁ Max hastighed ,ﬁ
Ar i dimensionering ’T Data-sls Ari dimensionering ’T D ata-xls
Lag Lag
> < <
5 EIEITSCT NS ==
Lag E-vaerdi | Kritisk | Tiladelin | Levetid, & Lag E-vaerdi | Kritizk | Tiladelin | Levetid, &
1 8436 B3 B3 .0 1 2514 142 B30 94553131
2 300 0.023 0.033 4075.5 2 300 0.062 0.033 134.5
3 0 oo oom 4473 3 o oms  oom %2
4 15 0.003 0.004: 103.0 4 15 0.004 0.004: 301
4

Figure 38 Alternative 1: Simple analytical design - a manually customised pavement.
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Input parametre Input parametre
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Figure 39 Alternative 2: Simple analytical design - a manually customised pavement.

The above two alternative constructions have been summarised in the below table:

Layer Layer thickness [mm]
Alternative 1 Alternative 2

Asphalt wearing course, SMA 35 35
mod.
Asphalt binder course, ABB 85 85
mod.
Bound base layer, HBB-B, Cg/10 153 169
Unbound base layer, SG 11 170 150
Subbase, BLII, U <3 770 760

Pavement thickness: 1,213 1,199

Table 8 Simple analytical design in initial and terminal state - two alternative
constructions, both of which have the desired theoretical lifespan in both
the initial and the terminal state (from Figure 38 and Figure 39).

Both alternative constructions in the above table have the desired theoretical
lifespan. As can be seen, there is not such a big difference in layer thicknesses of the
two alternatives (by comparing unit prices for the individual layers, as well as ex-
penditure on appropriate excess widths of the individual layers, as well as possible

excavation, the cheapest construction can be determined).

Both alternatives have a reasonable pavement thickness, but if one desires this to be
reduced, one can do the following, either separately or in combination:
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* Increase the thickness of the bound layers
» Increase the strength class of the HBB material

» Increase the rigidity of the subgrade by means of, for example, lime and/or ce-
ment stabilisation

Compliance with the desired theoretical lifespan is naturally checked in MMOPP, as
described above.

If the conditions during construction do not require a drivable subgrade in the form
of a base course of gravel, then, as an alternative to the pavements in Table 8, one
can also try with a pavement without an unbound base layer - such a design (de-
noted as "Alternative 3") is done, below, in MMOPP after clicking on the "New cal-
culation™ button. Input parameters are as before, but where "SG II" was previously
selected as the unbound base layer, now "No" is selected, which brings about the
following two screens with "Input parameters”, as well as a table with theoretical
lifespans, with reference to the following two figures:

&

Input parametre
My beregning Tykkelze E-vaerdi
b ateriale Myt lag | |
35 SMA Modif. 85ABE Modf.  HEB-B C8A10 {239 8310
Eundsikring Il <=3 B oo Slut
Frostfarlig 15 Analytizk,
Levetid, 5
Mavh  |Simpel analytisk u. SG. HBE i initialtilztand [emefila |
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Hiul 1
.  Analpisk
Antal pr. &r 2e0000 " Simulation
Waekst, X 0
Min hastighed ﬁ b ax hastighed W
A1 i dimenzsionering a0 Data-xlz
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<t s
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1 2310 3 3 3.0
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Figure 40 Initial state of the HBB: Simple analytical design - initially, separate de-
sign for Alternative 3 without SG as the unbound base layer.
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Input parametre
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Figure 41 Terminal state of the HBB: Simple analytical design - initially, separate
design for Alternative 3 without SG as the unbound base layer.

This initial design without SG as the unbound base layer results in the following two

constructions, with reference to the table below:

Layer Layer thickness [mm]
Initial state of the HBB Terminal state of the
material HBB material

Asphalt wearing course, SMA 35 35
mod.
Asphalt binder course, ABB 85 85
mod.
Bound base layer, HBB-B, 179 229
Caino
Subbase, BLII, U <3 524 840

Pavement thickness: 823 1,189

Table 9 Simple analytical design in initial and terminal state - initial construction
by separate design for Alternative 3 without SG as the unbound base

layer (from Figure 40 and Figure 41).
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As can be seen from the above table, for this alternative too, there is a large differ-
ence in the required thickness of both the HBB and subbase layers, depending on
whether the HBB material is in the initial or terminal state. However, for this alter-
native, both the HBB and subbase layers are the thickest in the terminal state, and
thus none of these layers can be immediately reduced.

In an attempt to reduce the total pavement thickness for Alternate 3, one can also try
to increase the thickness of the bound layers, to increase the strength of the HBB
material or to increase the rigidity of the subgrade by means of, for example, lime
and/or cement stabilisation, as described above, and thereby to check both the initial
and the terminal state in MMOPP.

Thus, for the given input parameters, the following three alternative constructions
have been obtained, with reference to the table below:

Layer Layer thickness [mm]
Alternative 1V | Alternative 2V | Alternative 3%
Asphalt wearing course, SMA 35 35 35
mod.
Asphalt binder course, ABB 85 85 85
mod.
Bound base layer, HBB-B, 153 169 229
Csio
Unbound base layer, SG 1l 170 150 -
Subbase, BL 11, U <3 770 760 840
Pavement thickness: 1,213 1,199 1,189
U Layer thicknesses from Table 8 for the two alternatives.
2) Layer thicknesses from the critical pavement in Table 9.

Table 10 Simple analytical design in initial and terminal state - three alternative
constructions, all of which have the desired theoretical lifespan in both
the initial and the terminal state.

All three alternative constructions in the above table have the desired theoretical
lifespan (by comparing unit prices for the individual layers, as well as expenditure
on appropriate excess widths of the individual layers, as well as possible excavation,
the cheapest construction can be determined).

By using the calculation method "Simple analytical design in initial and terminal
state”, as described above, it is ensured that the pavement theoretically has the de-
sired lifespan in both the initial and the terminal state. In some cases, the calculation
method "Manual analytical, iterative design" results in a thinner pavement, and, in
the following, this is shown for Alternative 3 in the above table.

Manual analytical, iterative design
This calculation method also opens two side by side MMOPP calculations.

Input parameters are as before for Alternative 3, and the following two screens with
"Input parameters" are presented again, as well as the table of theoretical lifespans,
with reference to the below figure:
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Initial state of the HBB: Terminal state of the HBB:
Input parametre ) Input parametre
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Fibure 42 Manual analytical, iterative design - initially, se|5arate design for Alternative 3, without an un-
bound base layer.

As described earlier, the terminal state is critical for this alternative, as both the
HBB and subbase layers are thickest when the HBB material is in this state. How-
ever, in both the initial and the terminal state, default E values have been used for
the different materials, which means that MMOPP expects the HBB layer in the ter-
minal state to be degraded, so the E value is reduced to 2,000 MPa, cf. Table 1.

By using thicker layers in the pavement than calculated in MMOPP with the HBB
material in the initial state, the HBB material will not be completely degraded to the
terminal state within the desired design period and therefore a higher E value for the
HBB layer can be considered in the terminal state than the default value.

In this example, 349 mm combined asphalt and HBB layers and a 840 mm thick
subbase layer are required when the HBB layer is in the terminal state, with refer-
ence to the screen on the right in Figure 42. This is how these thicknesses are used
in the MMOPP calculation with the HBB layer in the initial state, as illustrated in
the figure below:
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Input parametre
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Figure 43 Initial state of the HBB: Manual analytical, iterative design - the effect of
an increased thickness of the HBB and subbase layers with the HBB in
the initial state.

When designing the pavement with the HBB layer in the initial state, the expected
theoretical lifespan was 31.0 years (cf. the left screen in Figure 42), but, as seen
from the above figure, the expected theoretical lifespan of the HBB layer increases
to 539.9 years using the thick layers of the HBB and subbase required in the
MMOPP calculation with the HBB layer in the terminal state.

By expiry of the design period after 30 years, the HBB layer is thus only degraded
(30/539.9 = 0.056 =) 5.6% with these thick layers of the HBB and subbase.

The degradation of the HBB-B materials is illustrated in Figure 34, and using the re-
gression equation for HBB-B, Cg10, the real E value of the HBB-B material in a
partially degraded state after 30 years can be calculated to (2,000 x 0.056°¢7 =)
13,916 MPa, which is significantly higher than the default value of 2,000 MPa.

In MMOPP, the combined E value of the asphalt layers and the HBB layer are cal-
culated automatically from the Equivalent Thickness Method (see formula (XXI)),
based on default E values. For this example, this combined E value of the asphalt
layer and the HBB layer can be calculated manually using the following formula:
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3
3 3 3
hasphalt,upper X VvV Easphalt,upper + hasphalt,lower X 1/ Easphalt,lower + hHBB X vV EHBB)

(XXI1)

hasphalt,upper + hasphalt,lower + hHBB

In terminal state, the total thickness of the bound layers is determined as 349 mm,
spread out over 120 mm asphalt and 229 mm HBB, cf. the screen on the right of
Figure 42. The two different types of asphalt have the same E value - 3,000 MPa for
the top 100 mm and 5,000 MPa for the asphalt material located lower down, cf. Ta-
ble 8 of [ref. 11] (this is because the upper part of the asphalt is warmer and there-
fore less rigid than the lower part). By inserting the corresponding E values and
layer thicknesses (100 mm of 3,000 MPa, 20 mm of 5,000 MPa and 229 mm of
13,916 MPa) in the formula above, the combined E value can be calculated to 9,123
MPa.

If this combined E value for the asphalt layers and the HBB layer is used in the
MMOPP calculation with the HBB in a partially degraded state, the following result is
obtained by clicking the "Lifespan, year" button, with reference to the following figure:

-

Input parametre
My beregning Tukkelse = E-vaerdi
b ateriale Myt lag | | Gem
35 SMA Modi. 85 ABE Modif.  HEBEB-B Terminal |345 |E|'I 273
Bundsikring Il U<=3 B oo Slut
Frostfarlig 15 Analytizk,
Mavh IMan. iterativ u. 5G. HBE i terminaltilstand
Standard E
Hiul 1
" & Analytisk
Antal pr. & 2E0000 " Simulation
Waekst, & 0
Min hastighed ﬁ b ax hastighed W
A1 i dimenzionering a0 Data-wlz
Lag
B | = | B e

Lag E-vaerdi | Kiisk [ Tiladelig | Levetid, &

1 N3 50 630 417047871

2 100 0.012 o0s1) 11700

3 15 0.003 0.004: 2146

Figure 44 The partially degraded state of the HBB: Manual analytical, iterative de-
sign - the effect of an increased E value of the HBB material in a partially
degraded state.
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As can be seen from the above figure, the expected theoretical lifespan of the pave-
ment with the HBB layer in a partially degraded state is significantly longer than the
30-year design period. This is how the required thickness of the HBB layer and po-
tentially also the thickness of the subbase layer can be reduced.

During a number of iterative steps, the pavement can manually be optimised to en-
sure that the expected theoretical lifespan is achieved in both the initial and the par-
tially degraded state - thus, the "Lifespan, year" button is used instead of the "Ana-
Iytical" button.

In this calculation process, it should be noted that, as a rule, MMOPP automatically
adjusts the combined E value of the asphalt and HBB layer when the thickness of
the bound layers is changed. MMOPP will do this in the MMOPP calculation with
the HBB in the initial state, but in the MMOPP calculation with the HBB in a par-
tially degraded state, one actually just wants to use a combined E value which dif-
fers from the default value in MMOPP.

Thus, in the MMOPP calculation with the HBB layer in a partially degraded state,
you must either always change the layer thickness first and then manually enter the
combined E value of the bound layer or you can click the "Default E" button and se-
lect "Use E values from the input form™, so MMOPP no longer automatically
changes the E values to default values, but uses the user’s inputs.

For this example, the iterative process is illustrated in the table below, where both
pavements, E values and expected theoretical lifespans in both the initial and the
partially degraded states are given:

Thickness HBB, initial HBB, partially degraded

] Evalue | Lifespan? | Evalue | Lifespan®

[MPa] [year] [MPa] [year]

Iteration 1 - Point of departure w/ 229 mm of HBB and 840 mm of BL (Alter-
native 3):

Asphalt, upper 100 3,000 - 3,000 -
Asphalt, lower 20 5,000 - 5,000 -
HBB 229 15,000 - 13,9162 -
Bound layers 349 9,656 539.9 9,123% > 1,000
Subbase 840 100 >1,000 100 > 1,000
Subgrade - 15 236.2 15 214.6

Degradation rate of the HBB® [%]: 5.6% - -
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Thickness HBB, initial HBB, partially degraded
Ll Evalue | Lifespan? | Evalue | Lifespan?
[MPa] [year] [MPa] [year]
Iteration 2 - assume that HBB can be reduced to 200 mm:
Asphalt, upper 100 3,000 - 3,000 -
Asphalt, lower 20 5,000 - 5,000 -
HBB 200 15,000 - 5,6992 -
Bound layers 320 9,247%) 142.1 4,691% >1,000
Subbase 840 100 621.0 100 94.3
Subgrade - 15 138.5 15 50.4
Degradation rate of the HBB® [%]: 21.1% - -
Iteration 3 - assume that HBB can be reduced to 190 mm:
Asphalt, upper 100 3,000 - 3,000 -
Asphalt, lower 20 5,000 - 5,000 -
HBB 190 15,000 - 4,109? -
Bound layers 310 9,092% 87.4 3,777% > 1,000
Subbase 840 100 464.2 100 42.6
Subgrade - 15 114.5 15 32.8
Degradation rate of the HBB® [%]: 34.3% - -
Iteration 4 - assume that HBB can be reduced to 188 mm:
Asphalt, upper 100 3,000 - 3,000 -
Asphalt, lower 20 5,000 - 5,000 -
HBB 188 15,000 - 3,842% -
Bound layers 308 9,059% 79.1 3,619% > 1,000
Subbase 840 100 437.3 100 36.5
Subgrade - 15 110.1 15 30.3
Degradation rate of the HBB® [%]: 37.9% - -
Iteration 5 - assume that HBB can be reduced to 187 mm:
Asphalt, upper 100 3,000 - 3,000 -
Asphalt, lower 20 5,000 - 5,000 -
HBB 187 15,000 - 3,718? -
Bound layers 307 9,043%) 75.3 3,545% > 1,000
Subbase 840 100 4245 100 33.8
Subgrade - 15 108.0 15 29.1
Degradation rate of the HBB® [%]: 39.8% - -
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Thickness HBB, initial HBB, partially degraded
Ll Evalue | Lifespan? | Evalue | Lifespan?
[MPa] [year] [MPa] [year]
Iteration 6 - assume that BL can be reduced to 830 mm:

Asphalt, upper 100 3,000 - 3,000 -
Asphalt, lower 20 5,000 - 5,000 -
HBB 188 15,000 - 3,809 -
Bound layers 308 9,059% 78.1 3,599% > 1,000
Subbase 830 100 443.5 100 36.3
Subgrade - 15 106.5 15 28.8
Degradation rate of the HBB® [%]: 38.4% - -

D) Where the theoretical lifespan is above 1,000 years, "> 1,000" is stated.

2) Calculated using the regression equation for HBB-B, Cg/10, based on the degra-
dation rate of the HBB, cf. Figure 34.

¥ Automatically calculated by MMOPP based on default E values.

4 Calculated using the formula of Equivalent Thickness Method, see formula
(XXI1), where the HBB layer is in a partially degraded state.

% Calculated based on the length of the design period in relation to the expected
theoretical lifespan of the HBB layer in the initial state.

Table 11 Manual analytical, iterative design - results from the iterative process
with a different thickness of the HBB layer with the HBB in both the ini-
tial and the partially degraded state (the cells with a grey background in-
dicate that the expected theoretical lifespan has not been met).

As can be seen from the above table, iteration 4 gives the thinnest pavement where
the expected theoretical lifespan is met with the HBB layer in both the initial and
the partially degraded state.

The following table lists the three alternatives from "Simple analytical design in ini-

tial and terminal state” displayed together with the above result from "Manual ana-
Iytical, iterative design" (the latter is denoted as "Alternative 4 "):
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Layer Layer thickness [mm]
Alt. 1Y | Alt. 2V Alt. 3 Alt. 4%

Asphalt wearing course, SMA 35 35 35 35
mod.
Asphalt binder course, ABB 85 85 85 85
mod.
Bound base layer, HBB-B, 153 169 229 188
Csro
Unbound base layer, SG 11 170 150 - -
Subbase, BLII, U <3 770 760 840 840

Pavement thickness: 1,213 1,199 1,189 1,148

U Layer thicknesses from Table 10 for the three alternatives determined by
"Simple analytical design in initial and terminal state", with the HBB layer in both
the initial and the terminal state.

2) LLayer thicknesses from iteration 4 in Table 11 determined by "Manual analyti-
cal, iterative design”, with the HBB layer in both the initial and the partially de-
graded state.

Table 12 Comparison of the calculation methods - four alternative constructions,
all of which have the desired theoretical lifespan in both the initial and,
respectively, the terminal and partially degraded state.

All four alternative constructions in the above table have at least the desired theoret-
ical lifespan. By comparing unit prices for the individual layers, as well as expendi-
ture on appropriate excess widths of the individual layers, as well as possible exca-
vation, the cheapest construction can be determined.

The calculation method "Simple analytical design in initial and terminal state" is rel-
atively quick to use."Manual analytical, iterative design” is more time consuming,
but can lead to a thinner HBB layer.

4.3.5 Stops in the city area with bus and regular traffic

A stop without a bus bay is partly exposed to regular traffic and partly to stop-
ping/starting buses.

Seeing as the two traffic types drive at different speeds - taken to be 40 km/h for
heavy vehicles and 2.5 km/h for buses - it is necessary to calculate the two traffic
types' lifespan usage separately and, subsequently, to combine the lifespan usage
from the two parallel calculations in order to check the total lifespan usage. In
MMOPP, the speed of heavy vehicles is, for example, entered at 30 km/h - 50 km/h
and for buses at 2 km/h - 3 km/h.

On one road there are altogether 90 bus passengers per day in both directions. The
average annual daily traffic is 28,000 vehicles and the proportion thereof of heavy
vehicles is 10%. The road has two lanes in each direction, but all buses will drive in
the innermost lane. It is designed for a lifespan of 40 years, and there will be no traf-
fic increase during this period for the particular road section. Bus traffic is chan-
nelled with an E10 factor of 0.55. The heavy vehicles are considered without chan-
nelling with an E10 factor of 0.45. These E10 factors correspond to the middle
range of the two vehicle types, according to Tables 6 and 7 of [ref. 11]. The road
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section is a municipal road where some heavy traffic can occur, and, on this basis,
the supersingle factor is set to 1.5 for both types of traffic.

The calculation of the designed traffic loads, Ne1o for the two types of traffic load is
calculated from the Road Standard’s formula:

Ngio = P X Kp X K X Kg X Fgg X X(Fg19 X L)

Heavy
Factor Description Buses vehicles
P Growth factor = Years of the design period with a traf-
. 40 40
fic increase of 0%
Ke Distribution factor (two lanes for buses and four lanes
X 0.50 0.45
for heavy vehicles)
Kk Channelling factor (buses drive all the way to the kerb-
. 2.0 1.0
stone each time)
Kr Correction factor for roundabouts and intersections (an
. X 1.0 1.0
even road without torsion)
Fss Supersingle factor - municipal road in the city, heavy
. 1.5 15
traffic
Fe1o E10 factor - municipal roads 0.55 0.45
LBuses Number of buses/year = 90 x 365 32,850
Lreavy venictes | Number of heavy vehicles/year = 28,000 x 365 x 10%
878,920
% 0.86
NE1o 1,084,052 | 10,678,878
Neio/year (rounded) 27,101 266,972
Total traffic class T6

Table 13 Design affected traffic load, Ne1o.

The pavement is designed in several steps:

Step 1:  First, the pavement for the two types of traffic is determined separately.

Step 2:  Thereafter, a pavement is selected, composed of the thickest layers for the
two constructions decided on in "Step 1". The lifespan of the two traffic
types is determined and the total lifespan usage is checked.

Step 3:  The thickness of the SG layer is reduced to 250 mm and the asphalt layer

thickness is increased until the total lifespan usage is below 100% in all

layers.

The following layers are chosen for the construction:

67

September 2017




CONSTRUCTION AND PLANNING

DESIGN OF PAVEMENTS AND REINFORCEMENT SURFACINGS

Layer Material Thickness
Wearing course Semi-flexible 40 mm
Binder course ABB modified 55 mm
Asphalt base layer | Hot mix gravel Il (GAB I1) Variable

Unbound base layer

SG I

Max. 250 mm in one layer

Subbase layer

BLILU<3

Variable

Table 14 Selection of layers for a bus stop.

It is assumed that the subgrade is "Frost-susceptible,” with a rigidity of 40 MPa, as
well as that "kerbstones, culverted drains and paved verges or pavements™ are used.

Step 1: The pavement is analytically designed for each of the two traffic types.

Input parametre Input parametre
My beregning Tykkelse = E-verdi 1454 My beregning Tokkelse = E-vaerdi 4180

Materiale Myt lag l— l— Gem M ateriale Nyt lag Gem

A0 Semifleksibel | G5ABEModi  GABIA0AD  [ao1 [4g08 40 Semifleksibel 55 ABB Modil.  GABI140/60 152 [4793

SG I [tf7a | Jam Slut SGl |- | Slut

Bundsikring Il <=3 - W Analytisk Bundsikring Il U<=3 - W Analytisk

Frasttvivlzam ’40— Frosttvivizom ,40—

Navn |Busser - Trin 1 Navn |Tunge karetejer - Trin 1

Standard E ) Standard E

A L & Analisk il L & Ansbisk

Artal pr. & [zrim ™ Simulation Antal pr. A 2EEI72 ™ Simulation

Waskst, % ’D— Waskat, % ID—

Min hastighed ,2_ Max hastighed ,3_ tin hastighed ,f Max hastighed ,ﬁ
Ar i dimensionering ’F Data-sk Ari dimensionering [40 D ata-sls
Lag Lag
I .
i 8 = | B EE ! = | 3 e
E ved aktuel hastighed 1454 E wed aktuel hastighed 4180
Lag E-vaerdi | Kritisk | Tiladelin | Lewvetid, & Lag E-veerdi | Kritisk | Tiladelig | Levetid, &

1 1454 246 245 406 1 4180 147 159 g1.0
2 300 0.133 0.164 4.0 2 300 0.092 0.093 40.3
3 100 0.050 0.051 451 3 100 0.0za 0.023 449
4 40 0.013 0.m3a 41.7 4 40 0.011 0.011 40,6

L

Figure 45 Step 1: Bus stop - separate calculations.

It is seen that the required asphalt thicknesses in the two cases are almost the same,
but for different reasons:

»  For the buses, the thickness of the asphalt layer is required in order to ensure
the lifespan of the asphalt.

»  For the heavy vehicles, the thickness of the asphalt layer is required in order to
protect the SG layer.

Since the two designs have fairly similar asphalt thicknesses, it is chosen to start
with a pavement with the largest asphalt thickness, the thickest base course of gravel
layer and the thickest subbase gravel layer.
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Step 2: The pavement chosen is now checked for "Lifespan" in the two load in-

Input parametre

stances.
Input parametre
My beregning Tykkeke = E-verdi 1454
Materiale Myt lag [ Gem
ig §§Ti-f|eksibe| S5 ABB Modif.  GAR Il 40/60 W W
Gl EE T Slut
Bundsikring Il Ll<=3 B o0 Ainalptisk
Frosttvivlzom ,40—
Nan g s Lewvetid, &r
: Standard E
Al I + Analytisk.
Antal pr. & W " Simulation
Waskst, % .
Min hastighed ,2_ Max hastighed ,3_
A i dimensionering ’F Data-xls
Lag
=} = | = X
E wed aktuel hastighed 1454
Lag E-vaerdi | Kritisk | Tiladelip | Lewvetid, &
1 1454 221 246 V07
2 300 0145 0164 BE.3
3 100 0037 0.051 1436
4 40 0033 0.013 199.4

My beregning Tykkelse E-wzerdi 4188
I ateriale Myt lag l— l— Gem
ig §§nﬁ1i-f|eksibe| B5ABE Modif.  GAB Il 40460 W W
SG - 300 Slut
Bundsikring Il L<=3 - 100 Analptizk
Frosttvivizom ’40—
Hawn |Tunge keretajer - Trin 2
: Standard E
hiicl P % Analptisk
Antal pr. & m ™ Simulation
Vaskat, % ’D—
Min hastighed 'f Max hastighed 'ﬁ
Ar i dimensionering ’F Data-xls
Lag
= = | = 2
E wed aktuel hastighed 4188
Lag E-vaerdi | Kritisk | Tiladelin | Levetid, &
1 4188 140 159 iy
2 300 0.086 0.033 h4.2
3 100 o2y 0023 56.0
4 40 0.omao 0.011 47.3

Figure 46 Step 2: Bus stop - separate calculations for a common pavement.

The lifespan usage for each of the two types of traffic over a 40-year period can now
be calculated by percentage and it is checked that the total lifespan usage of each

layer does not exceed 100%:

* Asphalt
«  Base course of gravel
»  Subbase

*  Subgrade

(40170.7) + (40/77.7) =

(40/143.6) + (40/56.0) =
(40/199.4) + (40/47.3) =

57% + 51% = 108%

(40/66.3) + (40/54.2) = 60% + 74% = 134%
28% + 71% = 99%

20% + 85% = 105%

The calculations show that the overall load-carrying capacity of the chosen pave-
ment is not sufficient to achieve 40 years of lifespan, with a total lifespan usage ex-
ceeding 100% in one or more layers. This is adjusted in ""Step 3" by increasing the
thickness of the asphalt base layer.

Step 3: In this step, layer thicknesses are optimised so that the SG layer does not ex-
ceed 250 mm and the asphalt layer thickness is adjusted until the total lifespan usage
is less than or equal to 100% in all layers.
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L

Input parametre Input parametre
My beregring Tykkelse = E-vaerd 1453 Ny bereaning Tykkelse  E-vaerdi 4203
Materiale Myt lag Gem Materiale Myt lag | | Gem
ig §§Ti-fleksibel F5 ABE Modif.  GAB Il 40460 220 4324 59 §§Ti-fleksibel B5ABE Modif.  GAB Il 40460 220 4324
SGlll 250 300 Slut BB | [ET Slut
Bundsikring Il U<=3 B 0 Analytisk, Bundsikring Il <=3 B 0 Analytizk
Frosttvivlzom ,40— Frosttvivizom ,40—
Navn |Busser - Trin 3 Navn  [Tunge keretaier - Trin 3 gLevetid, i
Standard E . Standard E
il L & Analiisk i : & Anslisk
Antal pr. & 27101 " Simulation Artal pr. & 266972 ¢ Simulation
Waskst, % ’D— Waekst, % .
Min hastighed ,2_ Max hastighed ,3_ tin hastighed ,f Max hastighed ,ﬁ
Ari dimensionering ’F Datawls Ar i dimensionering ’F Data-sls
Lag Lag
f B = | = XS ] ! = | [E= Ny
E wed aktuel hastighed 1459 E ved aktuel hastighed 4203
Lag E-vaerdi  |Kitisk  |Tiladelig | Levetid, & Lag Ewveerdi  |Kitisk | Tiladelig | Levetid, &
1 1459 209 245 939 1 4203 130 1583 1165
2 300 0124 1164 1224 2 300 0072 0.093 108.9
3 100 0.037 0.051 147.2 3 100 0.025 0.023 EE.3
4 40 0.m3 0.013 1331 4 40 0.mn 0.0 52.3

A

Figure 47 Step 3: Bus stop - optimisation of a common pavement.

It is checked again for each layer as to whether the lifespan usage of the two traffic
volumes doesn’t exceed 100% over a 40-year period:

«  Asphalt (40/93.9) + (40/116.5) = 43% + 34% = 77%
«  Base course of gravel (40/122.4) + (40/108.9) = 33% + 37% = 69%
*  Subbase (40/147.2) + (40/66.9) = 27% + 60% = 87%
e Subgrade (40/199.1) + (40/52.3) = 20% + 76% = 97%

It can be seen from the above calculation that total lifespan usage is less than 100%
for all layers. A quick check of the total pavement thickness (220 mm + 250 mm +
395 mm =), 865 mm, indicates that it is greater than the required pavement thick-

ness, based on the traffic load and rigidity of the subgrade, cf. Table 10 in [ref. 11].

Therefore, a construction consisting of 40 mm of SFB 70/100, 55 mm of modified
ABB, 125 mm of GAB I1 40/60, 250 mm of SG Il and 395 mm of BL Il could be
used at a bus stop with the current traffic load and subgrade rigidity.

4.3.6 Analytical reinforcement design

MMOPP can perform analytical reinforcement calculations based on data of the ex-
isting pavement.

For a reinforcement calculation, an existing pavement which has been used for a
number of years is located. The pavement is now in a degraded state as a result of
traffic or another load (for example, the weather) and there is a need for reinforce-
ment of the pavement so that it can have a lifespan of a new road again. The inputs
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for the reinforcement design are the corresponding layer thicknesses and E values of
the individual layers in the road pavement.

Information about layer thicknesses exists either from "as performed" data or can be
obtained, for example, from drillings, diggings or ground-penetrating radar meas-
urements.

Information about E values of the individual layers can be obtained from, for exam-
ple, measuring with a falling weight.

Both layer thicknesses and E values from an existing pavement can be expected to
vary and in order to take this variation into account, it is recommended to use the
following statistical procedure:

«  Layer thicknesses: Divide into uniform sub-sections if the thickness of the indi-
vidual layers varies greatly => use the average thickness for each individual
layer within each individual uniform sub-section

«  Evalues: Divide into uniform sub-sections if the E values of the individual lay-
ers vary greatly => use the lower 25% fractile of the E value for each individual
layer within each individual uniform sub-section

By using the lower 25% fractile of the E values for each individual layer it, in a
purely statistical sense, means that the E values for the given layer of the range are
below the design value 25%, while 75% are above (this requires that the measure-
ments are evenly distributed throughout the area).

In the example below, an existing pavement has the following construction:

Layer Average layer E value (MPa)
Ll e Average | Dispersion | Lower 25%
[mm] fractile?
Asphalt 140 3,390 652 2,950
Base course of gravel 220 345 40 318
Subbase 390 130 18 118
Subgrade - 43 9 37

1 For a normal distribution with the average value "0" and the dispersion "1", the
lower 25% fractile has a value of "-0.674". The lower 25% fractile is then calcu-
lated as "Average" + "Dispersion” x -0.674.

Table 15 Information from the existing pavement for a uniform sub-section.

The above pavement is desired to be reinforced such that it can carry a traffic load
of 200,000 E10/year in a 15-year design period and the general speed is above 60
km/h. Due to the traffic volume (traffic class T6, in accordance with Table 1 in [ref.
11]), a wearing course type with either a bitumen hardness of 40/60 or modified bi-
tumen is selected, cf. Table 14 in [ref. 11]. For a wearing course with this type of bi-
tumen, the E value is generally 3,000 MPa, cf. Table 8 of [ref. 11].

With regard to the selection of the construction of the pavement in MMOPP, it is
less important which options are used, seeing as you will type in the thicknesses and
E values for a specific pavement afterwards yourself. Rules regarding appropriate
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asphalt types and minimum pavement thicknesses based on user selection are thus
set aside (all that the user needs to keep in mind is that if the subgrade is chosen as
"frost-proof”, the subbase layer is omitted).

In MMOPP, the following steps are performed in the analytical reinforcement de-
sign:

»  Select the construction of the pavement (in this case, asphalt layer, base course
of gravel and subbase)

»  Click the "Default E" button and select "Use default E values for bound layers"

«  Enter the thickness and E value of the existing pavement manually

»  Enter the design traffic, speed, and design period

»  Enter the value for thickness (e.g. 10mm), as well as the E value of the rein-
forcement layer in the input fields next to the line with "New layer"

»  Click the "Analytical" button.

By entering a thickness and an E value of the reinforcement layer, the general calcu-
lation method of MMOPP is disabled and only the layer thickness of the reinforce-
ment layer is changed until the design criteria for all layers are met. The entered
thickness of the reinforcement layer is only used as a point of departure for the ana-
Iytical design.

The following figure shows the completed reinforcement design after having clicked
the "Analytical" button:

&

Input parametre

My beregning Tykkelze E-vaerdi
h ateriale Myt lag |27 3000 Gem
30 AB Modif. B0 ABE Modf.  GAB 11 40/60 140 | 2950
SG 220 318 Slut
Bundsikring I <=3 B = a5
Frosttvivlzom A
M avn |Fu:.rstaerkn., analytisk gLevetid, &

Standard E

i 1 & Analytisk
Antal pr. &r IM ™ Simulation
Yakst, % o

Min hastighed ﬁ M ax hastighed W
Ar i dimensionering IF [ ata-wlz

Lag

Figure 48 Analytical reinforcement design - required reinforcement.
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As can be seen from the above figure, the required thickness of the reinforcement is
27 mm. This thickness is suitable for laying a new wearing course in one layer. In
order to achieve a good result, however, it is assumed that the existing pavement is
in good condition (any potholes and cracks are to be repaired appropriately) and
also sufficiently even.

If the existing pavement is uneven, milling can be done, which is done in MMOPP
by reducing the thickness of the existing asphalt and then clicking the "Analytical
button again. For example, if 50 mm of existing asphalt is milled off, the reinforce-
ment thickness increases to 77 mm (this is not surprising, as the existing asphalt and
reinforcement layer have approximately the same E value).

Such a thick reinforcement layer can be advantageously divided into, for example,
an asphalt binder course and an asphalt wearing course, which provides good condi-
tions for a smooth surface.

4.3.7 Designing a concrete surfacing

Concrete surfacings can advantageously be used on heavily loaded areas, while less
easily managed areas are rarely economically cost-effective.

Below is an example of a design of a pavement for a freight terminal with 20 years
of desired lifespan. The traffic load is made up of ordinary heavy vehicles which
also travel on the other road network (it should be emphasised that MMOPP cannot
be used to design pavements for vehicles for, for example, the handling of contain-
ers, as these vehicles have axle loads which are significantly higher than ordinary
heavy vehicles).

The freight terminal area consists of the following two sub-areas:

«  The port area, where all heavy vehicles have to pass, in order to get in/out of
the freight terminal

»  Driving routes between rows of stacked containers, where port cranes handle
the containers to/from the heavy vehicles carrying their cargo to/from the
freight terminal

The total traffic load is 150,000 E10/year in and out of the freight terminal. It is as-
sumed that this traffic volume is evenly distributed, such that half drives in and half
drives out. The port area has a separate entry and exit, and thus the design traffic is
75,000 E10/year for this sub-area (this corresponds to traffic class T5).

At the freight terminal, traffic is distributed into the area's roadways. Some road-
ways are more "popular” and receive more traffic than others, and these most loaded
roadways have a design traffic of 30,000 E10/year (this corresponds to traffic class
T4).

In Table 1 the recommended base layer material under concrete is specified. For
traffic class T5, HBB-B is specified, while HBB-A is specified for traffic class T4.

The subgrade has a rigidity of 10 MPa (which means that the subgrade is to be
deemed "splitting frost-susceptible™). Kerbstones and culverted drains are used,
which means that there is no risk that surface water would penetrate the pavement.
Options for the port area by analytical design in MMOPP are shown below:
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»  Select "New calculation”
»  Select traffic class "T5"
»  Select "Concrete" as a wearing course

+  Select "150 Concrete E = 35000" (150 mm of concrete, which has an E value of
35,000 MPa by default)

»  Select "None" as the asphalt binder course

+  Select "None" as the bound base layer

»  Select "HBB-B under concrete" as the unbound base layer

«  Select "Splitting frost-susceptible™ as the type of subgrade

»  Select "Yes", as this example uses kerbstones, culverted drains and paved
verges, so there is no risk that water can penetrate the pavement

These selections are illustrated in the following figure:

{"Ny beregning || Tidigere beregning

T1: mindte end 1 lastbi pa veren pr dagn 0.5 10/dag
T2: 11 65 lastbiler p3 vejen pr degn 20 £10/dag
73:6

1388 W Vielg befaestelsestype
15 561 ‘

Veelg trafiklast |

150 [ Nybegres || Tekgme e
T7: mere|
08
SMA
SMA SR
Semiflek| Vg befaestelse l

AB
AB SRS Ny beregning | Tidigere beregning
Beton

KBL

150 Beton_E= 35000

PA
SMA B+
TBk

40 ABB Modif, £ = 3000
45 ABB Modif. E= 3000
S04 e et i |

Veelg bindelag
Ny beregning | Tidigere beregning ‘

60 ABB

65 ABB

£aA80 Nyberegning || Tidigere beregning
gg ﬁgg GAB | 40/60
el GAB 1l 40/80

10 Asfat HEE 8 f Vaelg ubundet baerelag l

HBBB C
Hamag Nyberegning | Tidigere beregning

Frostsikker
Frosttvivisom

Frostiarlg Rabatforhold L]

Underbund
Ny beregning Tidligere beregning ‘

Anvendes kantsten, rrlagt aflob og befaestet rabat?

& ——— Yes No

Figure 49 Designing a concrete surfacing - data input sequence.
Hereafter, MMOPP performs an analytical design in accordance with the design cri-

teria in section 2.2 and the use of a 5-tonne twin-wheel + 20% shock allowance as
the design load, based on the following default inputs:
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Design traffic: 180,000 E10/year (default for traffic class T5)
Annual traffic growth: 0%

Speed: 70 km/h (average of minimum and maximum speed)
Design period: 10 years

Type of subgrade: Splitting frost-susceptible (i.e. the pavement thickness is at
least 800 mm for the current traffic class (T5), in accordance with the handbook
for the Design of Pavements and Reinforcement Surfacings (see Table 10 in
[ref. 11]) as there is no risk that water can penetrate the pavement)

Rigidity of the subgrade: 20 MPa (default for splitting frost-susceptible sub-
grade)

Subbase: BL II, U < 3 (default material for subbase)

The rigidity of the subgrade in the example does not correspond to the default E
value of splitting frost-susceptible subgrades, therefore, click the "Default E" button
and select "Use default E values for bound layers".

By changing the design traffic to 75,000 E10/year, the design period to 20 years, as
well as the subgrade’s rigidity to 10 MPa, the following pavement is obtained after
clicking the "Analytical™ button, with reference to the following figure:
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-

Input parametre
My beregning Tykkelze E-vaerdi
b ateriale Myt lag | | Gem
Beton 1185 | 35000
HEE-B under beton |-|5|:| |2|:||:||:| Shut
Bundsikring Il U<=3 B 1o A 115
Frostiarlig 10
Levetid, &r
Mavn |Betu:-n, T5 - portomréde g
Standard E
Ak 1 & Analisk
Antal pr. & 7R000 " Sirnulation
Waekst, & 0
Min hastished [gn = Max hastiohed {50
A1 i dimenzionering 20 D ata-ulz
Lag
5 e

Lag E-veerdi | Kitisk [ Tiladelig | Levetid, &

1 35000 3E 3E 206

2 2000 0.048 11300 B90423E.6

J 100 0.003 0047 133024

4 10 0.003 0.004: 1126

Figure 50 Designing a concrete surfacing - port area with HBB-B as the base layer

material under the concrete.

This completes the design of the pavement for the port area.

For the roadways, one can use HBB-A as a base layer material under the concrete,
and, in the following figure, analytical designing for the roadways is displayed:

76

September 2017



CONSTRUCTION AND PLANNING DESIGN OF PAVEMENTS AND REINFORCEMENT SURFACINGS

-
Input parametre

My beregning Tykkelze E-vaerdi
M ateriale Myt lag | | Gem
Beton 1178 | 35000
HEE -4 under beton |1 50 |1 /00 Shut
Bundsikring Il U<=3 g oo &alytizk,
Frostiarlig 10
Mavn IBeton, T4 - HBE-A i kareveje
Standard E
b 1 & Analytisk
Antal pr. & 30000 " Sirnulation
Waekst, & 0
Min hastished [gn = Max hastiohed {50
A1 i dimenzionering 20 D ata-ulz
Lag
5 [ = [ E s3]

Lag E-veerdi | Kitisk [ Tiladelig | Levetid, &

1 35000 40 40 209

2 1500 0.044 1.048 E180145E6

J 100 0.010 0.053) 213040

4 10 0.003 0.005: 20E.4

Figure 51 Designing a concrete surfacing - roadways with HBB-A as the base layer

material under the concrete.

The above can be summarised in the table below:

Layer Layer thickness [mm]
Port area with HBB-B un- [Roadways with HBB-A un-
der the concrete der the concrete
Concrete 185 178
HBB-B 150 -
HBB-A - 150
Subbase 465 472

Table 16 Designing a concrete surfacing - Port area and roadways with HBB-B

and HBB-A, respectively, as the base layer material under the concrete.

As can be seen from the table above, the pavement thickness of both pavements is

800 mm, which corresponds to the current traffic classes (T4 and T5) and to the
splitting frost-susceptible subgrade, when using kerbstones, culverted drains and
paved verges, cf. Table 10 in [ref. 11].
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As expected, a thinner layer of concrete can be used in the roadways, as the traffic
load here is less.

It complicates the construction work to use both HBB-A and HBB-B. Thus, from a
construction point of view, it is desirable to only use one HBB material, and there-
fore HBB-B can, of course, be used for both the port area and roadways. If a
stronger/more rigid subgrade for the concrete (HBB-B instead of HBB-A) is used
for the roadways, the required thickness of the concrete layer can be slightly re-
duced, but the required pavement thickness must still be met (less concrete => more
subbase). It will require a comprehensive consideration of the financial aspects to be
able to determine which of the two pavements is the cheapest to construct.
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4.4 Design by simulation

Simulation of degradation processes is performed on pavements loaded a given
number of times with a default load, after which the simulated degradation is com-
pared with default acceptance limits for degradation, with reference to Figure 21 for
the default load and Figure 22 for default acceptance limits.

Simulation can only be performed for pavements consisting of flexible layers. This
is due to the fact that the road standards group is of the opinion that the introduction
of correct HBB degradation models requires a reprogramming that is best done in
conjunction with a more extensive upgrade of the program, which will make it pos-
sible to model pavements with significantly more than five layers. Finally, the expe-
rience base for concrete pavements has been found to be too weak to be able to
serve as the basis for the development of degradation models.

Based on the road standard group's experience and data from, among other things,
the vejman.dk system, the degradation models are adapted to the following condi-
tions:

»  Over the course of 15 years, the pavements reach an average IRI of 2.8 m/km,
corresponding to the roadman.dk degradation model.

»  The asphalt layers are degraded, so that 75% of the pavements have an average
E value after 15 years that is higher than 2/3 of the initial value.

It should be pointed out that the simulation part in MMOPP has been calibrated to
Danish conditions. As a result, the simulation calculations must be carried out with
the database default parameters to comply with the Road Standard.

The mmopp2017a.mdb database contains default values for all of these parameters.

As stated in section 2.1, designing by simulation cannot be considered more accu-
rate than analytical design. However, designing by simulation can advantageously
be used to compare different alternatives or with optimisation, where the most eco-
nomical pavement that will meet the required lifespan requirements of the structure
is ascertained.

The simulation calculations determine four different theoretical lifespans, all of
which are stated by year. These lifespans are based on the following criteria for the
permissible state of the pavement, cf. section 4.2 of [ref. 11]:

« IRL The evenness of the surface of the pavement
* Rutting: The average lane depth
+ Eave: The relation between the average E value of the asphalt

layer and an intact asphalt layer with the default E values of
the current materials.

e  Emin: The relation between the lowest E value of the asphalt layer
and an intact asphalt layer with the default E values of the
current materials.

Below are a few examples of design by simulation in MMOPP.
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4.4.1 Default design by simulation

Simulation calculation is a stochastic process where the estimate of the "true" values
of average and dispersion of the various lifespan targets becomes more accurate the
more simulations which are made. Assessment of an outcome or a comparison of
two alternative road pavements should, however, always be based on a high number
of simulations.

In purely statistical terms, a design value can be specified with a given reliability in
accordance with the following expression for normally distributed values:

Design value,ormagistrivutea = Average" + "Dispersion” X q (XX1)

In this regard, "g" is the given fractile for a normal distribution with the average
value "0" and the dispersion "1".

In the example below, two alternative road pavements are desired, compared with
the help of a simulation. Both pavements contain the same three asphalt layers, as
well as an unbound base layer and subbase. The one pavement is based on a tradi-
tional analytical design (alternative 1), while the other has been designed in a man-
ual analytical manner, where the thickness of the unbound base layer and subbase
has been reduced and the total asphalt thickness has been increased in order to
achieve a limited pavement thickness (alternative 2).

The design prerequisites are as follows:

«  Traffic load class T6

»  Frost-susceptible subgrade

* No kerbstones, culverted drains and paved verges have been used
*  Adesign period of 20 years

* Anassessed theoretical lifespan at 85% reliability

Based on traffic class, type of subgrade and drainage conditions, the pavement
thickness is, thus, at least 700 mm, cf. Table 10 in [ref. 11].

The figure below lists the two alternative pavements, both of which meet the above
design prerequisites on the basis of analytical design:
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Alternative 2 - Reduced layer of BL:

Input parametre Input parametre
My beregring Tykkelse = E-vaerdi My beregring Tukkelse = E-veerd
Materiale Myt lag l— l— Gem Materiale Myt lag [ [
30 5MA Madif. B0 ABB Modif.  GaB |l 40460 179 W 30 5MA Maodif. B0 ABE Modif.  GaB |l 40460 ’T A054
SGI - W Slut SG I - W Slut
Burdsikring Il U<=3 Bl o Analytisk Bundsikring Il Ll<=3 EE o0 Analytisk
Frasttvivizam ,40— Frasttvivisam ,40—
Nawn [gim,, tykt lag BL LBV A Navn [gim , reduceret lag BL M
Standard E Standard E
] I % Analytisk Hil I o Analytisk
Antal pr. & 300000 ™ Simulation Antal pr. & 300000 " Simulation
Waekst, % ID— Waskst, % ID—
Min hastighed ,ﬁ Max hastighed ,ﬁ Min hastighed ,ﬁ Max hastighed ,ﬁ
Ar i dimensionering ’T Data-sls Ar i dimensionering ’T Data-sls
Lag Lag
7 < 7 <
5 b= B et | [ e
Lag E-vaerdi | Kritisk | Tiladelin | Levetid, & Lag E-vaerdi | Kritizk | Tiladelin | Levetid, &
1 3793 167 178 27.8 1 4054 128 178 111.6
2 300 0107 0.107 20.0 2 300 0.065 0.107 1425
3 1a0 0.033 0.033 3 100 0.022
4 a0 003 0.013: 4 a0 0013

Figure 52 Design by simulation - a specification of two alternatives which have been analytically designed.

As can be seen from the above figure, the base course of gravel layer is the critical
layer with a theoretically expected lifespan of 20.0 years as per the traditional ana-
Iytical design (top screen with Alternative 1), while the subgrade is critical with a
theoretically expected lifespan of 20.2 years as per the manual analytical design
(bottom screen with Alternative 2). Both pavements can thus be expected to have
the same theoretical lifespan, even though different layers are critical.

By selecting "Simulation™ on the option buttons on the right of the screen, a number
of buttons and input fields are presented. Purely for computational reasons, it is nec-
essary to have a longer simulation period than the desired design period - generally,
the simulation period should be twice as long as the design period, which, in this
case, means that 40 years are used in the simulation (this is changed manually). 100
simulations are selected in the same manner. Then click the "Start" button, which
opens a new screen that displays the number of the current simulation. Calculations
can be interrupted by clicking "Stop".

Once the simulation has ended, you will automatically return to the "Input parame-
ters" screen and, by clicking the "Show results" button, a table of theoretical
lifespans is displayed by year for each of the four criteria (evenness (IRI), rutting, as
well as the average and minimum E value of the asphalt layers) for each individual
simulation. At the bottom of this table, the average and spread of these calculated
theoretical lifespans by simulation are shown, with reference to the figure below for
the result of the simulation of the two alternative pavements:
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Alternative 1 - Thick layer of BL:

A
Resultater

IRI | Spor | Esnit

g1 35.39 2039 40.00

g2 3339 16.42 40,00

93 2467 1242 40,00

94 38.00 1887 40,00

95 22.87 11.42 40,00

96 3339 16.42 40,00

97 2542 1339 40,00

98 3987 17.42 40,00

99 333 19.42 40,00

100 3439 15.39 40,00

Shit 290 154 396

stdev £.48 23 213

logSit 282 153 195

sdf 1.26 1.16 1.07

Alternative 2 - Reduced layer of BL:

-
Resultater
IRl | Spar | Esnit | Emin
] 2742 .42 40.00 40,00
92 .87 21.00 40.00 40,00
33 18.33 16.39 40,00 40,00
34 40.00 3039 40,00 40,00
95 16.00 17.00 40,00 40,00
96 34.87 2767 40,00
97 3042 21.39 40,00 40000
95 27.39 2239 40,00 40000
99 3767 2739 40,00 40.00
100 2239 17.39 40,00 40,00
Shit 27 236 400 400
stdey 702 434 0.00 0.00
logSit 18 232 400 400
sdf 1.27 1.20 1.00 1.00

Figure 53 Design by simulation - the "Show results™ button displays a table with re-
sults after the simulation of two alternative pavements.

The column at the far left of the above figure shows the simulation number first (in
the above section only the last 10 simulations are shown), followed by four columns
with the corresponding calculated theoretical lifespans for the four criteria. The bot-
tom four lines indicate the following:
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*  Average: The average of the calculated theoretical lifespan for all the
simulations

+ stdev: The spread of the calculated theoretical lifespan for all the
simulations

« logAverage: The average of the logarithmic value of calculated theoreti-

cal lifespan for all the simulations

« odf: The spread of the logarithmic value of calculated theoretical
lifespan for all the simulations

The following table shows the result of the simulation for the two alternative pave-
ments:

Calculated theoretical lifespan [year]

IRI Rutting Eave Emin
Alternative 1 - Thick layer of BL:
Section 29.0 15.4 39.6 37.2
stdev 6.48 2.34 2.13 571
Design value?) 22.3 13.0 37.4 31.3
Alternative 2 - Reduced layer of BL:
Section 32.7 23.6 40.0 40.0
stdev 7.02 4.34 0.00 0.00
Design value?) 254 19.1 40.0 40.0
Y For a normal distribution with the average value "0" and the dispersion "1", the
lower 15% fractile has a value of "-1,036". The lower 15% fractile is then calcu-
!ated as "Average" + "Dispersion™ x -1.036, which corresponds to an 85% reliabil-
ity.

Table 17 Design by simulation - determination of the design value for the theoreti-
cal lifespan of two alternative pavements.

As can be seen from the above table, the pavement with the thick layer of subbase
(alternative 1) has a calculated theoretical lifespan which is shorter than the desired
20 years for rutting on average. An calculated average theoretical lifespan of 15.4
years means that, after this number of years, one can expect half of the road section
to be rutted to a critical level, but for the worst parts of the road, this critical rutting
may have occurred earlier.

As the design value indicates in the table above, both alternatives will have critical
rutting of approximately 15% of the section after, respectively, 13.0 and 19.1 years
(purely computationally).

It should be remembered that this is a mathematical simulation of the degradation,
and with the general uncertainty regarding the design of pavements (the projection
of traffic, variations of the rigidity of the subgrade and variations of materials), the
calculated theoretical lifespan by simulation should not be taken to be the "truth”.

As can be seen from Figure 52, both alternatives have a calculated theoretical
lifespan by analytical design which corresponds to that desired. As mentioned
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initially in section 2.1, designing by simulation cannot be considered more accurate
than analytical design. So in this example, the simulation should only serve to make
it possible that alternative 2, with a reduced BL and, thus, thick asphalt layer, has a

theoretically longer lifespan than Alternative 1 with a thick layer of BL.

4.4.2 Optimisation by simulation

A pavement is desired optimised from a financial point of view, based on require-
ments for the theoretically expected lifespan, with the following unit prices being

used:
Materials Unit price [DKK/m?]
Asphalt 3,667.00
Base course of gravel, SG Il 370.00
Subbase, BLII, U <3 140.00

Table 18 Optimisation by simulation - unit prices for the individual materials.

The design prerequisites are as follows:

Traffic load class T4

Frost-susceptible subgrade

No kerbstones, culverted drains and paved verges have been used

The theoretical lifespan with an 85% reliability must be at least 15 years for
evenness and rutting and at least 20 years for other criteria

Based on traffic class, type of subgrade and drainage conditions, the pavement
thickness is, thus, at least 700 mm, cf. Table 10 in [ref. 11].

In the example, the requirement for lifespan for evenness and rutting is lower than
for the two E value criteria. This is because it is expected that a new layer of wear-
ing course will be introduced within these years, whereby the evenness and rutting
will be "reset".

For analytical design and 20 years of design, the following setup is found, with ref-
erence to the figure below:
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-

Input parametre
My beregning Tykkelze E-vaerdi
M ateriale Myt lag | | Gem
30 5Ma 40460 50 GAB 040/60 GaAB | 40/60 1142 |3522
SG |22|:| |3|:||:| Shut
Bundsikring Il U<=3 B oo TSR
Frosttyvivlzarm a0
Levetid, &r
Mavn |Sim., analytizk, dimenzionering g
Standard E
Ak 1 & Analisk
Antal pr. & 73000 " Sirnulation
Waekst, & 0
Min hastished [gn = Max hastiohed {50
A1 i dimenzionering 20 D ata-ulz
Lag

Lag E-veerdi | Kitisk [ Tiladelig | Levetid, &

1 522 21 233 263

2 300 0151 0152 206

J 100 0.047 L] 205

4 40 0.8 0.018: 21.99

Figure 54 Optimisation by simulation - construction of a pavement by analytical de-
sign.

As can be seen from the above figure, by analytical design, this pavement has an ex-
pected lifespan of more than 20 years for all layers. Now the "Simulation™ option
button is selected and 10 simulations are performed over 40 years. By clicking the
"Start™ button, the calculations start and when these are finished, a table can be seen
with the calculated expected lifespan by clicking the "Show results™” button - this ta-
ble is shown in the following figure:
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-
Resultater
IR | Spor | Esnit | Emin

1 27.39 14.83 40.00

2 18.29 12.29 40.00

3 26.29 19.29 40.00

4 20.42 15.39 40.00

5 19.67 12.79 40.00

B 27.29 18.42 40.00

7 22.42 13.42 40.00

B 24.83 16.29 40.00

E] 23.29 14,29 40.00

10 28.39 17.67 40.00

Snit 247 156 40.0
stle 360 2.6 0.00
lagSnit 24.4 15.4 40.0

sdlf 1.17 1.16 1.00

Figure 55 Optimisation by simulation - the "Show results" button displays a table

with results after the simulation of the pavement in Figure 54.

As can be seen from the figure above, it can be expected that, on average, rutting
will become critical after 15.6 years (it must, thus, be expected that half of the sec-
tion has critical rutting after this number of years).

This does not meet the requirement of a minimum of 15 years theoretical lifespan
for rutting with an 85% reliability (average dispersion x q = 15.6 years + 2.36 years
x (-1.036) = 13.16 years < 15 years). Thus, the pavement is manually adjusted until
the simulation yields the desired result, which gives the following construction, with
reference to the figure below:

86

September 2017



CONSTRUCTION AND PLANNING DESIGN OF PAVEMENTS AND REINFORCEMENT SURFACINGS

-
Input parametre

My beregning | Tykkelze E-vaerdi
b ateriale Myt lag | | Gem
30 5Ma 40460 50 GAB 040/60 GaAB | 40/60 |1 55 |3533 Start I
SG |22|:| |3|:||:| Shut |
Bundsikring Il <=3 - |1 oo
Frosttyvivlzarm |4|:| ml
Navn Is5im., 85 % palidelighed Lengde |30
Standard E |
Hiul 1 :
Antal pr. & I;-'3|:||:||:| :
Veekst, & In— Total-sls |
Min haztighed IED i ax hastighed Ign Start arztid |5 Girafik-lz I
A i sirulering |4|:| Antal simuleringer |1 0 D ata-ulz |
Lag
iz resultater |
b
F
Resultater
IR | Spar | Esnit | Erin
1 2867 17.83 40.00
2 18.35 14.39 40.00
B 23.87 2239 40.00
4 3235 18.39 40.00
3 2267 1467 40.00
B 32.87 21.42 40.00
7 24.42 16.39 40.00
g 3087 18.42 40.00
g 25.42 15.42 40.00
10 3339 2087 40.00
Shit 281 180 4n.0
shdew 4.9 2.85 0.00
leg St 277 17.8 4n.0
sf 1.20 1.17 1.00

FLigure 56 Optimisation by simulation - a pavement which meets the desired mini-
mum of 15 years theoretical lifespan for rutting with an 85% reliability
("Average" - "stdev"” > 15.0 years).

The total asphalt thickness is 155 mm, while the thickness of the base course of
gravel layer is 220 mm, and the subbase is adapted so that the total pavement thick-
ness is 700 mm.

However, the base course of gravel layer can be laid in thicknesses from 100 mm up
to 250 mm, cf. Table 9 of [ref. 11], in order for it to be possible to save on the as-
phalt or that more asphalt can further reduce the thickness of the base course of
gravel layer. Therefore, an optimisation is run where the asphalt layer is varied from
145 mm to 155 mm in 1 mm increments (i.e. 10 steps), while the base course of
gravel layer is varied from 100 mm to 250 mm in 10 mm increments (i.e. 15 steps).
The thickness of the subbase layer is not varied, as this will automatically be
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adjusted in order to achieve the required pavement thickness of at least 700 mm. By
clicking the "Optimise" button, the following screen opens, where the interval of
thicknesses, the number of steps for an interval procedure, as well as the unit price
for each material can be entered:

OCptimer

Fra Til Trin Priz/m3
30 SMA 40/60 1145 1155 10 3667
G I 1100 1250 15 370
Bundsikring |1 <=3 200 1300 o 140

IRl Sporkering  Gennemsnits  Mindste

Evzerdi Evzerdi

Lewvetid, &r 115 115 20 20
Palidelighed? |:35 |85 ia] &5
binimums tykkelze 700 Start Slut

FLigure 57 Optimisation by simulation - the inputs for optimisation after having
clicked the "Optimise™ button.

By clicking the "Start" button the optimisation process begins, simulating the differ-
ent combinations of layer thicknesses with the number of simulations specified in
the "Input parameters” screen. The more the simulations and the more the steps for
each layer, the longer the optimisation (optimisation in this example is expected to
take 30-60 minutes, but it depends very much on the processor speed - and during
that time, one cannot use MMOPP in order not to interrupt simulations).

When the optimisation has been completed, the "Optimise" screen automatically
closes and the "Input parameters™ screen displays the financially optimal pavement
which meets the lifespan requirement with the given reliability. In this example, the
following results are obtained, with reference to the figure below:
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-

Input parametre
My beregning Tykkelze E-vaerdi
M ateriale Myt lag | | Gem
30 Ska 40460 50 GAB 040/50 GAB | 40/80 1150 | 3592
SG |25|:| |3|:||:| Shut
Bundsikring |l U<=3 |3|:||:| |1|:||:| Analytizk,
Frozttvivlzom a0
Mavn |Sim., optirmeret befaestelse
Standard E
A ! (* fnalytizk
Antal pr. & 73000 " Sirnulation
Waekat, 0
Min hastished [gn = Max hastiohed {50
A1 i dimenzionering 20 Data-slz
Lag
Optimer
Fra Til Trin Priz/m3
30 5MA 40760 1145 155 10 3667
SG I 1100 1250 15 370
Bundsikring Il <=3 |3|:||:| |3|:||:| ] 140
IRl S pork.aring Gennemsnitz  Mindzte
Evaerdi Evaerdi
Lewetid, & 115 115 20 20
Palidelighed? 11000 965 100.0 100.0
kdirirnums tokkelze 700 Reszet | ‘SLaI;,I Slut

FLigure 58 Optimisation by simulation - a financially optimal pavement which meets
the desired minimum of 15 years theoretical lifespan for rutting with at
least 85% reliability.

The financially optimal pavement is thus 150 mm of asphalt (30 mm SMA 40/60,
50 mm GAB 0 40/60, 70 mm GAB 1 40/60), 250 mm SG II and 300 mm BL II, U <
3 - this pavement has 15 years of theoretical lifespan with an 86.5% reliability, cf.
the above figure.

If it had not been possible to meet the requirement for the lifespan with the given re-
liability, then a window would have been presented with the text: "No solution™.
After having closed this window, in the "Optimise™ screen one can see the degree of
reliability you can achieve for the desired theoretical lifespan.
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4.4.3 Designing a reinforcement layer by simulation

MMOPP can perform the design of a reinforcement layer by simulation, based on
data about the existing pavement.

For a reinforcement calculation, an existing pavement which has been used for a
number of years is located. The pavement is now in a degraded state as a result of
traffic or another load (for example, the weather) and there is a need for reinforce-
ment of the pavement so that it can have a lifespan of a new road again. The inputs
for the design of a reinforcement layer by simulation are corresponding layer thick-
nesses and E values of the individual layers in the road pavement, as well as the val-
ues for evenness (IR1) and rutting.

Information about layer thicknesses exists either from "as performed" data (includ-
ing information about previous willing works and reinforcement layers) or can be
obtained, for example, from drillings, diggings or ground-penetrating radar meas-
urements.

Information about E values of the individual layers of the degraded pavement can be
obtained, for example, from measuring with a falling weight, while evenness and
rutting can be measured using appropriate laser equipment.

In preparation for the design of a reinforcement layer by simulation, the road section
is divided into sub-sections, which can be classified as homogeneous in terms of
materials, layer thicknesses, E values, as well as degradation states.

Layer thicknesses, as well as E values, evenness and rutting from an existing pave-
ment can be expected to vary, and in order to be able to take this variation into ac-

count, a degraded pavement, which represents the condition which corresponds to

the measured properties on the road, is computationally modelled in MMOPP.

In the example below an existing pavement has the following construction for a ho-
mogeneous sub-section:

Layer Average thick- E value (MPa)
ness Average Dispersion Lower 25%
[mm] fractileV
Asphalt 140 3,390 652 2,950
Base course of 220 345 40 318
gravel
Subbase 390 130 18 118
Subgrade - 43 9 37
) For a normal distribution with the average value "0" and the dispersion "1", the
lower 25% fractile has a value of "-0.674". The lower 25% fractile is then calcu-
lated as "Average" + "Dispersion” x (-0.674).

Table 19 Information from the existing pavement for a homogeneous sub-section.

For the same homogeneous sub-section, an evenness (IRI value) of 4.9 m/km, as
well as a 22.5 mm of rutting has been measured on average.
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The above pavement is desired to be reinforced such that it can carry a traffic load
of 200,000 E10/year in a 15-year design period with an 85% reliability and the over-
all general is above 60 km/h. Due to the traffic volume (traffic class T6, in accord-
ance with Table 1 in [ref. 11]), a wearing course type with either a bitumen hardness
of 40/60 or modified bitumen is selected, cf. Table 14 in [ref. 11]. For a wearing
course with this type of bitumen, the E value is generally 3,000 MPa, cf. Table 8 of
[ref. 11].

The first step in the design of a reinforcement layer by simulation is to model a
computationally degraded pavement in MMOPP. To achieve this, one starts with a
whole new pavement, where one simulates degradation over time until you achieve
the desired degradation.

With regard to the selection of the construction of the pavement in MMOPP, it is
less important which options are made, seeing as you will type in thicknesses and E
values for a specific pavement afterwards yourself. Rules regarding appropriate as-
phalt types and minimum pavement thicknesses based on user selection are thus set
aside (all that the user needs to keep in mind is that if the subgrade is chosen as
"frost-proof”, the subbase layer is omitted).

In MMOPP, the following steps are included in the design of a reinforcement layer
by simulation:

»  Select the construction of the pavement (in this example, an asphalt layer, base
course of gravel and subbase - the traffic load in the example indicates that the
bitumen hardness in the original pavement has been at the high (rigid) end, that
is to say, 40/60 or modified, which is why these have been chosen)

»  Click the "Default E" button and select "Use default E values for bound layers"

«  Manually enter the average thickness for all layers and a 25% fractile for the E
value of unbound layers in the existing pavement, but use the default asphalt
layer E value

*  When a pavement has been degraded, the asphalt’s E value is gradually reduced
as the layer cracks. At present, a new pavement will be used, which will be
used as a basis for simulating the degradation over time with MMOPP, and
therefore the default E value for new asphalt is used.

»  Due to the traffic load, unbound layers will become rutted and uneven over
time, but the E value will not change. That is why the 25% fractile of the meas-
ured E values of the unbound layers, as well as of the subgrade is used, as it is
assumed that the unbound layers as well as the subgrade of the original pave-
ment had these rigidities when newly constructed.

»  Enter the design traffic and speed

»  Select the "Simulation" option button, as well as an appropriate number of sim-
ulations over a long period of time - 10 simulations and 40 years have been
used in this example.

The "Input parameters™ screen, in accordance with the above selection, is displayed
in the following figure:
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Figure 59 Design of a reinforcement layer by simulation - a new pavement modelled
in MMOPP prior to the simulation.

The "Start" button should then be clicked and then, once the simulations have been
completed, click the "Graph xIs" button, after which data is transferred to an Excel
spreadsheet (it takes 20-30 seconds, in which time it is important not to use the com-
puter in order not to interrupt the data transfer). Transferring the data to this Excel
spreadsheet also automatically includes the generating of a number of graphs for
evenness (IRI), rutting, as well as the average and minimum E value of the asphalt
layers.

When laying a reinforcement layer, evenness and rutting is to be "reset", so the main
parameter in the design of a reinforcement layer by simulation is the average E
value of the asphalt layers in the degraded pavement, which MMOPP has created
and which is called "Eave" in the spreadsheet.

On the "Eave" tab, the average E value of the asphalt layers is given for each indi-
vidual simulation and for each individual season in the 40-year long simulation pe-
riod (with reference to the length of the seasons in Table 4). Using the calculation
functions in Excel, calculate the following for all the simulations for each individual
season throughout the simulation period:

«  The average of the average E value

»  The lower 25% fractile (for a normal distribution with the average value "0"
and the dispersion "1" the lower 25% fractile has a value of "-0.674" - the lower
25% fractile is then calculated as "Average" + "Dispersion™ x (-0.674))

This average and this lower 25% fractile are listed in the figure below, respectively,
as the terms "Average" and "25% fractile™:
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Figure 60 Designing a reinforcement layer by simulation - the average of "Eave" is
shown in the colour red and the lower 25% fractile of "Eave™ is shown in
the colour black (the x axis represents the simulation period by "year",
while the y axis represents the average E value of the asphalt layers in
MPa).

As can be seen from the figure above, the asphalt layer’s average E value decreases
as the pavement gets older and has been exposed to more and more traffic. How-
ever, neither the point of departure nor the degradation process are exactly the same,
seeing as MMOPP, based on the user’s input, automatically generates a number of
pavements which vary slightly with respect to both the layer thicknesses as well as
the E value of the individual layers, cf. section 2.3.3.

This automatic variation in MMOPP follows a set "random generator", such that all
users will get the same "random™ varied range of pavements by using the same point
of departure (material types, layer thicknesses, E values and number of simulations).

An average E value of the asphalt has been measured at 3,390 MPa on the degraded
pavement, cf. Table 19, and, as can be seen from the above figure, the asphalt layers
are degraded to this value after about 25 years on average (with reference to the line
for "Average" in Figure 60). In theory, a pavement with the given construction and
traffic load can thus be expected to be in a degraded state, similar to that measured,
after about 25 years. The 25 years are therefore used as a simulation period in the
calculation which follows.

At the same time, as the required simulation period is determined as described
above, one should also record the lower 25% fractile of the asphalt layers’ E value
when starting the simulations (with reference to the "25% fractile” line in Figure
60), as this will be used later. In this example this value is 3.503 MPa.

The values read on Figure 60 which need to be used in the further design of a rein-
forcement layer by simulation have been summarised in the following table:
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Parameter Value

Number of years of simulation in order 25
to achieve the registered, degraded state

[years]

The lower 25% fractile of the asphalt 3,503
layer’s E value at the start of the simu-
lations [MPa]

Table 20 Inputs in the further design of a reinforcement layer by simulation (read
from Figure 60).

In MMOPP, the number "1" is to be entered in the "Number of simulations” field, as
well as a simulation period of 25 years, with reference to the figure below:
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Figure 61 Designing a reinforcement layer by simulation - the establishment of a
computationally degraded pavement.

By clicking the "Start" button, a new window opens where the measured values for
the degraded pavement must be entered - i.e. the average values for evenness and
rutting, as well as the 25% fractile of E values, cf. Table 19 as well as the text under
this table. It cannot be expected that exactly the same values will be found by simu-
lation and, therefore, you must enter an acceptance interval as a percentage, with
reference to the figure below:
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Figure 62 Designing a reinforcement layer by simulation - the desired degradation
values (the average values for evenness and rutting, as well as the 25%
fractile of E values), as well as the acceptance interval.

The "Continue" button should then be clicked and MMOPP will perform up to 20
individual simulations, where MMOPP will automatically change input values a lit-
tle while attempting to hit the specified state after 25 years (if it does not succeed
within the first 20 individual simulations, one will be asked if you’d like to try
again).

Once the terminal state has been hit within the desired acceptance intervals for all
parameters, the loop of individual simulations is stopped and the results are dis-
played in a new window, with reference to the following figure:

Medbrydning
Simulering Nr 1 Tykkelze  E-weerdi  Sdf 2 Fraktil
i fra start | 25.00 |'I 3|7 |3382 |'| 19 |3DDB
IR | 4.91 2132|335 11.14 307
Sparkaring (2213 [mzz [134 114 23
Gennemsnits Evaardi | g ag |44 |'I 27 |3?
Mindste Evaerdi 0.30 Indlazs

Lk

Figure 63 Designing a reinforcement layer by simulation - the result of an individ-
ual simulation which satisfies the desired values for a degraded pavement
within the acceptance interval of after 25 years (corresponding simula-
tions can be expected to give a different result).

If you are not satisfied with the values, click the "Close™ button, then click the
"Start" button again in the "Input parameters™ screen in order to let MMOPP try
again.

If you are satisfied with the degraded pavement (a 25% fractile of the individual lay-
ers' E value roughly corresponds to the measured 25% fractiles, cf. Table 19), click
the "Load" button and return to the "Input parameters" screen, where the values for
layer thicknesses and E values from the degraded pavement are loaded and the
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number of simulations is automatically changed to 10.
Manually enter the following:

«  The required number of simulations, as well as the number of years in the simu-
lation (as a minimum, double the number of years of the desired design period -
in this example, thus, a minimum of 30 years)

»  The E value of the reinforcement layer, as well as "0" mm of reinforcement

The "Start" button should then be clicked. This initial simulation "without reinforce-
ment" is important, as MMOPP does not automatically take into account the degra-
dation of the original pavement in the first simulation round.

In the subsequent simulation rounds, a guesstimate should be entered for the re-
quired reinforcement needs, after which one can display a window for entering "In-
tact asphalt E module” by clicking on the "Start" button (this is if the asphalt layers’
E value from the simulation where a degraded pavement is generated is lower than
the default value of the materials in MMOPP). Here you must enter the lower 25%
fractile of the asphalt layers’ E value in the original pavement (this value will use
MMOPP as a point of departure for the degradation of the original pavement at the
time of reinforcement). In this example, this value was 3.503 MPa, cf. Table 20.

The following figure shows the "Input parameters" screen for the example where a
simulation with a 30 mm reinforcement layer is desired:
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Figure 64 Designing a reinforcement layer by simulation - guesstimates of the re-
quired thickness of the reinforcement layer of the degraded pavement
(thicknesses for layers, as well as E values for unbound layers in the ex-
isting reinforcement have been fed in from Figure 63).

By clicking the "Start" button, MMOPP simulates the degradation of the already
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partially degraded pavement after a reinforcement layer has been laid. The result of
these simulations is best seen by clicking the "Show results" button when MMOPP
has finished simulating, with reference to the following figure for results after a sim-
ulation with a 30 mm reinforcement layer:

- ~
Resultater
IR | Spor | Esnit | Emin

1 28.39 11.39 30.00

2 2267 14.29 30.00

E] 26.42 13.00 30.00

4 27.00 13.39 30.00

5 22.29 11.29 30.00

B 30.00 14.00 30.00

7 30.00 15.67 30.00

] 29.29 12.67 30.00

] 18.29 10.29 30.00

10 2567 11.42 30.00

Snit 261 12.9 0.0
stde age 1.69 0.00
lagSnit 5.8 127 30.0
sdlf 1.17 1.14 1.00

Figure 65 Designing a reinforcement layer by simulation - results after simulation
with a 30 mm reinforcement layer on a degraded pavement.

After repeated simulation rounds (where you, after each round, change the thickness
of the reinforcement layer, enter the value for "Intact asphalt E module™, as well as
check the results from the simulations) the required thickness of the reinforcement
layer can be determined.

In the table below, the results are displayed for a number of simulations with differ-
ent thicknesses of the reinforcement layer:

Calculated theoretical lifespan [year]
IRI Rutting Eave Emin

30 mm reinforcement layer:

Section 26.1 12.8 30.0 29.6
stdev 3.82 1.68 0.00 1.26
Design value? 22.1 11.1 30.0 28.3
50 mm reinforcement layer:

Section 28.5 14.7 30.0 30.0
stdev 2.62 1.71 0.00 0.00
Design value? 25.8 12.9 30.0 30.0
70 mm reinforcement layer:

Section 29.9 16.8 30.0 30.0
stdev 0.19 1.99 0.00 0.00
Design value? 29.7 14.7 30.0 30.0
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Calculated theoretical lifespan [year]
IRI Rutting Eave Emin

72 mm reinforcement layer:

Section 29.9 17.0 30.0 30.0
stdev 0.19 2.02 0.00 0.00
Design value? 29.7 14.9 30.0 30.0
73 mm reinforcement layer:

Section 29.9 17.2 30.0 30.0
stdev 0.19 1.96 0.00 0.00
Design value? 29.7 15.2 30.0 30.0

Y For a normal distribution with the average value "0" and the dispersion "1", the
lower 15% fractile has a value of *-1,036". The lower 15% fractile is then calcu-
lated as "Average" + "Dispersion™ x -1.036, which corresponds to an 85% reliabil-

ity.

Table 21 Designing a reinforcement layer by simulation - results from simulating
with a variety of thicknesses of the reinforcement layer (cells with a grey
background indicate that the theoretical lifespan has not complied with
the desired 85% of reliability).

As can be seen from the table above, rutting is the critical parameter and the re-
quired thickness of the reinforcement layer is 95 mm.

Such a thick reinforcement layer can be advantageously divided into, for example,
an asphalt binder course and an asphalt wearing course, which provides good condi-
tions for a smooth surface.

It is not possible to make a simulation calculation of reinforcement needs after hav-

ing milled off a portion of the existing asphalt, as this is calculated on the basis of a
specific pavement and its predetermined variation of thicknesses and E values.
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5 Documentation
MMOPP prints different types of documentation of inputs and outcomes of the com-
pleted calculations.

5.1 Documentation - analytical design

Below is the printout of the user-defined analytical design in Figure 28, transferred
to Excel by clicking the "Data xIs™ button:

Project: User defined dim., changed speed Date: 15/04/2016
C:\Program Files (x86)\Work tools\MMOPP2015\mmopp20160405.mdb
Load: Type: Standard Number: 800000
Pavement
Layer Thickness, mm E value, MPa Material
1 195 1283 25 PA 250/330 + 50 GAB.0 70/100 + GAB.I 70/100
2 170 300 Base course of gravel Il
3 335 100 Subbase Il U<=3
4 40 Frost-susce ptible

Critical and permissable load

Layer Type Critical Permissable Lifespan
lel 260.8 260.9 microstrair 20
21z 0.1472 0.1771 MPa 41.9
3zz 0.054 0.0553 MPa 22
47z 0.0195 0.0209 MPa 26.7

Figure 66 Documentation transcript, analytical design.
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5.2 Documentation - design by simulation

Below is the printout of the user-defined design by simulation in Figure 54, trans-
ferred to Excel by clicking the "Data xIs" button:

Project: Sim., analytical dimensioning Date: 15/04/2016
C:\Program Files (x86)\Work tools\MMOPP2015\mmopp20160405.mdb
Climate: Standard
Load: Standard
Limits: Standard
Wheel Number Growth, %
1 73000 0
Length, m: 30
Minimum speed, km/h: 60
Maximum speed, km/h: 80
Start season: 5
Years in simulation/ dim. 40
No. of simulations 10
Pavement
Layer Thickness, mm  Evalue, MPa Material
1 142 3522 30 SMA 40/60 + 50 GAB 040/60 + GAB 1 40/60
2 220 300 Base course of gravel Il
3 338 100 Subbase Il U<=3
4 40 Frost-susceptible

Lifespan (years)

Number IRI Rutting Eave Emin
1 27.4 14.8 40 40
2 18.4 13.4 40 33.7
3 26.4 19.4 40 40
= 28.4 15.4 40 40
5 19.7 12.4 40 40
6 27.4 18.4 40 40
7 224 13.4 40 40
8 24.8 16.4 40 40
9 234 14.4 40 40
10 284 17.9 40 40

Figure 67 Documentation transcript, design by simulation.
The Excel printout can optionally be combined with the plots of the degradation

processes for IRI, Rutting, Average and Minimum E value of the asphalt layer, with
reference to the following figure:
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Project: Sim., analytical dimensioning Date: 15/04/2016
C:\Program Files (x86)\Work tools\MMOPP 2015\mm opp20160405.mdb
Climate: Standard
Load: Standard
Limits: Standard
Wheel Number Growth, %
1 73000 0
Length, m: 30
Minimum speed, km/h: 60
Maximum speed, km/h: 30
Start season: 5
Years in simulation/ dim. 40
No. of simulations 10
Pavement
Layer Thickness, mm Evalue, MPa Material
1 142 3522 30 SMA 40/60 + 50 GAB 0 40/60 + GAB 1 40/60
2 220 300 Base course of gravel Il
3 338 100 Subbase Il U<=3
4 40 Frost-susceptible

Lifespan (years)

Number IRI Rutting Eave Emin

1 27.4 14.8 40 40
2 18.4 13.4 40 33.7
3 26.4 19.4 40 40
= 28.4 15.4 40 40
5 19.7 12.4 40 40
6 27.4 18.4 40 40
7 224 13.4 40 40
8 24.8 16.4 40 40
9 234 14.4 40 40

40 40

10 28.4 17.9

» 5 « - o s 0 1-, » » 0 » ©

Figure 68 Documentation for design by simulation, including graphs of degradation
processes - IR, rutting (Spor), Eave (Esnit) and Emin.
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Finally, it should be mentioned that all inputs and outputs are stored in the Access 7
database, which is defined in the MMOPP.INI file (see section 3.2). The "Section
results” table, in particular, is of interest, as it contains the four lifespans (IRI, Rut-
ting, Eave and Emin), as well as the final formation of the layers 1-4 in the columns

d1 to d4.
e mmopp07c : Database (Access 2000 file format) E]@
[:H0pen B Design  Thew | X | 2o T
Objects lzl_=J Create table in Design view = Max_eps
] Tables | IEI_J Create table by using wizard ] Paste Errors
fﬂ s E‘_:J Create table by entering data =] snit
= = Detaljer = standard_lag
= Foms = Greenser =] Strzekring
i Reports = Hiul =] zeknings lag
%3 Pages 3 mr 7} [trasknings resiater]
2 e || T rotdn S
= Kima =] Temperatur granser
@2 Modues & Kimafaktorer E Trafik
Groups = Lag = Underbund
& Favorites E Materialer
_1 Straknings resultater : Table E]@
Strakning [ Mummer [ IR [ Sporksring | Esnit [ Emin [ d1 [ d2 [ 48 | d4 [a
| |Simulation 1 41.874 27.419 50.000 50.000 0.845 S.050 7.806 6.415
Simulation 2| 50.000 29.392 50.000 50.000 0.B17 B.543 B.094 3155
| Simulation 3 50.000 32392 50000 s50.000 0.680 7.528 4.994 3567
:Simulatiun 4 42392 26.392 50000 48.574 0.667 8.130) B.981 3.643
Sirnulation 4 32671 24.419 50000 50.000 0.763 8.858 7.466 7.493
" |Simulation 6 36.000 30.874 50000 50.000 0.709 B.737 5.919 6.362
Simulation 734392 27419 50,000 50.000 0685 B.207 4.120 B.139
:Simulation 0 35674 25.674 50.000 50.000 0625 6.872 6.320 7.152
Simulation 9 44392 23874 50000 44833 0725 B8.346 7.165 4.192
:Simulation 10 36392 21.419 39671 37.000 0.861 7.734) 7206 5734 (]
Record: [E] l—l E]@ of 40 0

Figure 69 Section results from the Access database.
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