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Rigid pavement - pavement working as a plate of finite dimensions on an elastic
base with a free, articulated or other way of connecting the plates.
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Rigid road pavements are:

e cement-concrete monolithic pavements ;
e asphalt concrete pavements on the base of cement concrete;
e prefabricated pavements of reinforced concrete and reinforced concrete
slabs.
The main difference of rigid road pavements is the presence of expansion
joints that suit in order to prevent the formation of chaotic cracks.

Non-rigid pavement - pavement working as a layered system of infinite dimensions
in terms of continuous coating on an elastic base.

Non-rigid include road pavements with a coating of materials with the participation
of:

Yay
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e organic binders (asphalt concrete, tar concrete),
e complex organic and hydraulic binders (bitumen emulsions and cement),
e as well as coated with granular materials (crushed stone, gravel, slag).

The structure of non-rigid pavement lacks structural layers from monolithic and
precast cement concrete, reinforced concrete and etc.

The difference between non-rigid and rigid pavements is in the calculation
methods and in the parameters of permissible deformations (deflections) under the
wheel of the calculated car.

Since the ratio between the strength and the modulus of elasticity of the coating
materials of non-rigid clothes is much higher than hard, the thickness of the coating
layer of non-rigid clothes is significantly lower (on average, the thickness of the
asphalt concrete coating is ) --16 cm, of the cement-concrete one is Y--Y# cm). This

fact, as well as the better repair ability of non-rigid pavement coatings, led to their
much wider distribution.

The load(pressure) from wheeled vehicles for the types of pavement under
consideration is different, the calculation method is correspondingly different.

The calculation of rigid pavement is performed according to the following criteria:

o the strength of the upper layers of pavement in bending;

o shear stability of the underlying soil and loosely coupled structural layers
of the base;

e accumulation of ledges and transverse seams of the coating;

e on the stability and longitudinal direction of the coating in the hot season,
on the strength of the butt and mounting joints;

e on the resistance of pavement to the effects of frost heave;
by the ability of the drainage layer of the base to remove moisture in the
spring

The calculation of non-rigid pavements is performed according to the following
criteria:

e on permissible elastic deflection of pavement;
e on the resistance of monolithic layers to fatigue fracture from tensile
bending

Yaof
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o shear stability of the underlying soil and loosely coupled structural layers
of the base;
e on the resistance of pavement to the effects of frost heave;
| by the ability of the draining base layer to remove moisture in the spring.

The semi-rigid type of pavement in its properties is located between the rigid and
non-rigid type. It is characterized by features of both types.

Semi-rigid pavement is a layered system of infinite dimensions in terms of
continuous coating on an elastic solid (monolithic) base with a compressive
strength of up to v,» MPa.

Semi-rigid include road pavements with a non-rigid coating (asphalt concrete,
tar concrete) based on:

soil reinforced with an inorganic or complex binder;

e building materials (sand, crushing screening, crushed stone, sand and
gravel, crushed stone and sand mixture, asphalt crumb and other materials)
treated with an inorganic or complex binder.

YOoh
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Semi-rigid base layers of soils and materials treated with a complex binder using
PMC Nicoflok are allowed and appropriate to use when building pavements with
both a hard (cement concrete) coating and a non-rigid (asphalt) coating.

At the same time, the semi-rigid base with PMC Nicoflok allows you to partially
compensate for the shortcomings of each type of pavement.

In particular, when Nicoflok semi-rigid base is installed on roads with asphalt
(non-rigid) pavement, the following positive effects are achieved:

e increases the overall modulus of elasticity of the pavement;

e the water-thermal regime of the subgrade and pavement improves, the
moisture content of the soil of the working layer of the subgrade decreases;

e stresses from wheeled vehicles are better distributed, which means that the
stresses acting on the ground are significantly reduced;

e there is no need to install a drainage base.

Nicoflok semi-rigid pavement Pavement with crushed stone
base

When a Nicoflok semi-rigid base is installed on roads with cement concrete
(hard) pavement, the following positive effects are achieved:

o the resistance of the cement-concrete coating to the formation of ledges in
the expansion joints is increased;

e increases the stability of the concrete coating to bending stresses from the
wheel load.

o there is no need for a drainage base device.
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On the experimental site st. Samanpoor in Tehran practically implemented the
following construction of pavement with a semi-rigid base from the materials of
the existing pavement (asphalt crushed stone and crushed stone and soil mixture),
processed by cold recycling with the addition of cement (¥/) and PMF Nicoflok

(+.¥%).

The base of pavement was restored and strengthened, and the transverse profile of
the road was fixed.

The total modulus of elasticity of the finished road pavement in the considered

section was Y¢- MPa.

To achieve a similar modulus of elasticity indicator by traditional technology, it
would be necessary to disassemble the existing pavement up to the subgrade,
followed by the installation of a base of crushed stone with a thickness of Yo cm

and a two-layer asphalt pavement with a thickness of Y cm and & cm.
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Calculation of pavement

Calculation of the elastic deflection

E=¥va.xf MPa/ Enin = Y#5.5Y MPa

Strength Factor - 1,Y0

YoA
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Required Strength Factor - 1,) -
VWOV

Strength is ensured.

Calculation by shift

Active shear stress - «,-\YYY MPa
Limiting active shear stress - -, \vaf MPa
Strength factor - 1, YA

Required strength factor - - ,a¥.

VYA > - AF

Durability ensured.

Calculation of stretching in bending

Stretching stress in the upper monolithic layer - V,yaf MPa

Strength of the material for multicircular bending extensions - ¥,fY$ MPa
Strength Factor - 1,v¥

Required Strength Factor - - ¥

VY VF > . Af

Strength is ensured

Frost check

Required pavement thickness - 6, cm
The actual thickness of the pavement is 66, cm
00 cm > 0,) cm

Frost resistance provided

Description of the pavement calculation method
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The total thickness of the pavement and the thickness of the individual
structural layers are finally determines by calculation of strength and frost
resistance.

Under the strength of the pavement understand the ability to resist the process
of development of residual deformations and damage under the influence of
tangential and normal stresses arising in the structural layers and the underlying
soil from the calculated load (short, multiple or long-term single) applied to the
surface of the coating.

The method of assessing the strength of a structure includes both an assessment
of the strength of the structure as a whole (using the empirical dependence of
the allowable elastic deflection on the number of load applications) and an
assessment of strength taking into account the stresses arising in separate
structural layers and established using the theory of elasticity.

In order to assess the strength, the pavement is calculates according to the
following criteria:
— allowable elastic deflection of the pavement;
— shear stability of the underlying soil and slightly connected structural
layers;
— resistance of monolithic (asphalt) layers to fatigue failure due to
bending stretching
— frost resistance.

Structural strength is quantifies by the value of the strength factor (Fs)

Calculation of the allowed elastic deflection of the pavement

When assessing the strength of the structure as a whole on the allowable elastic
deflection, the strength factor (Fs) in the general form is determines by the
formula:

E

_ " fact

str
req

where
Ejuei — design modulus of elasticity;
Ereq — required overall modulus of elasticity;
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The total design modulus of elasticity of the structure (E..) is determines by
layer-by-layer reduction of the multilayer structure to the equivalent single-
layer one.

The required modulus of elasticity (£,.,) depends on the design load, the total
estimated number of load applications for the life of the pavement, the type of
pavement and the category of road.

Calculation on the shear stability of the underlying soil and slightly
connected structural layers

When assessing the strength of a structure based on the shear stability of a
subgrade, the strength factor in general is determines by the formula:
T

_ lim

str Tﬁw,
where

Tim — limit value of the active shear stress, the excess of which causes a
violation of shear strength

Ty — the calculated active shear stress (part of the shear stress unpaid by
internal friction) at the design (most dangerous) point of the structure from

the current temporary load;

Calculation of the resistance of monolithic layers to fatigue failure due to
bending stretching

When assessing the strength of a structure based on the shear stability of a
subgrade, the strength factor in general is determines by the formula:

F, =X
o

str

where

R —strength of the material of the layer in tension during bending, taking into
account fatigue phenomena;

o — greatest tensile stress in the layer under consideration.

Calculation of frost resistance
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The design is consideres frost-resistant, if the condition is met:

[

where
liues — estimated (expected) swelling of the soil of the roadbed;
Liim — ground swelling allowed for this construction.

fact < lim

As the initial data when performing the calculation is used:
— kind of road;
— climatic characteristics of the construction area;
— geological conditions
— distance from the groundwater level to the bottom of the pavement;
— design pressure on the wheel cover
— calculated wheel diameter
— TEOJIOTHYECKHE YCIOBUSI;
— depth of soil freezing in the design area

Calculation of pavement

The pavement calculation performed using the OAH Y\A,- £#--\ “Design of

non-rigid pavement” in the program «Robur Road version f,Y» (“Topomatic”).

Input data
Road Category - Y.

Road climatic zone - &
Scheme of wetting the working layer of soil - \
Groundwater level - ¥,- - M

Type of pavement - capital
Axle load: V- - kKN (V- tons)

Coating pressure, P - - ,#- MIla

Estimated wheel track diameter, D - YV, - cMm
Required level of reliability - - ,4-
Coefficient of Strength - V,)-

Depth of freezing - - A+ M
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Design loads
Axle load: V- - kN (- tons)

Estimated wheel track diameter, D - ¥Y cm
Estimated number of days in a year - \fo

Total estimated number of design load applications - & -8 VY

Construction of pavement
\v: h=0,-- cM - " Asphalt hot dense type A on viscous bitumen BND and BN:

$./9-, E=rY.. MPa"

Y: h=v-.,.- cm - "Mixture of asphalt granulate with crushed stone, treated with

cement and PMK Nicoflok, compressive strength not less than ¥ MPa, E=¢- -
MPa"

v: h=v.,.. cMm - "Existing gravel base, E=f4- MPa"

f: h=-,-. cm - "Soil (sandy light)"

Calculated characteristics of the materials of the layers
Layer \:

— density: Yf-- kg/m"
— modulus of elasticity when calculating the elastic deflection: ¥y- .

MPa;
— modulus of elasticity when calculating the shear in the soil: 5+ MPa;

— modulus of elasticity in the calculation of tensile bending: fa.. MPa.
Layer v:

— density: Y- - kg/m"

— modulus of elasticity when calculating the elastic deflection: #- - MPa;
Layery:

— density: \#- - kg/m"

— modulus of elasticity when calculating the elastic deflection: f6- MPa;

Layer ¥:

Yy
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— estimated relative humidity of the soil: - £¥YY
— modulus of elasticity: 6f.£f Mlla
— soil adhesion (static): -.- Y00

— soil adhesion (taking into account the repeated application of the load):
SERR fATA

— angle of internal friction of the soil (static): v#°

— angle of internal friction of the soil (taking into account the repeated
application of the load): \v°

Calculation of the elastic deflection
Minimum required modulus of elasticity - Y#f,fY MPa

E, = 0f.$f MPa
Ery=10Y,0)
Er¢ = YOY,\Y
E,¢=YYaY¥

Total modulus of elasticity - ¥y4,vf MPa
Strength Factor - 1\,Yo
Required Strength Factor - 1,\-

Strength is ensured.

Calculation by shift
Calculation for the layer "Soil (sandy light)"
E; = 0¥.2f

Thickness of layers over settlement layer - 66 cm

The average modulus of elasticity of the upper layers - &-6,¥6 MPa
The general modulus of elasticity of the lower layers - 6f,#¥ MPa
Angle of internal friction, degrees - \Y,- -

Active shear stress - +,-\YYY MPa

Kd=»..

Average density - YA0¥,00 kg/m"

Limiting active shear stress - -, \v4a¥ MPa

Y&¥
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Required strength factor - - ,a¥-
Strength factor - \,. YA

Durability ensured

Calculation of stretching in bending
The average modulus of elasticity of the upper layers - f6-- MPa

E; = o¥2f

Ere= 10Y,0)

Ere= YOV Y

The general modulus of elasticity of the lower layers - YoY,\¥ MPa

Thickness of asphalt layers - 8,- cm

Stretching stress in the upper monolithic layer - V,y4f MPa

Strength of the material for multicircular bending extensions - Y,fY# MPa
Strength Factor - \,Y¥f

Required Strength Factor - - af

Strength is ensured

Frost check

Light sandy soil

Required pavement thickness - 6,) cm

The actual thickness of the pavement is 66,- cm

Frost resistance provided

Y8h
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