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PRELIMINARY PAVEMENT DESIGN 

1 INTRODUCTION 

1.1 General 

This report covers the pavement design for the M3 Chisinau-Giurgiulesti/Romanian border road. 
This road has a total length of around 216km. Preliminary Design chainages start at Chisinau 
with km0.0 and end at Giurgiulesti with km215.8. 

Traffic counts and axle load weighing have been carried out to determine the existing traffic 
volumes and establish the base year traffic. Forecasts of future traffic have been prepared in 
terms of vehicles per day for each year over the evaluation period of the project.  

The design of pavement rehabilitation works should consider in accordance with the Terms of 
Reference a limit of 11.5 ton axle load for the determination of the bearing capacity and a 20 
year performance period. 

The road sections from the junction of the M3 with the R3(km48.1) to Cimislia (km57.3) and the 
section from Cimislia (km61.3) to Comrat (km88.4) are currently rehabilitated or will be 
rehabilitated in 2009. Therefore this report does not include these two sections for the pavement 
design. 

1.2 Pavement rehabilitation options 

Pavement rehabilitation measures are usually defined as a combination of repair and preventive 
treatments performed over a defined period of time to restore the ability of an existing pavement 
to carry expected future traffic with adequate functional performance. Pavement rehabilitation 
usually includes a combination of individual rehabilitation treatments that are required to repair 
existing deterioration and minimize future deterioration.  

Only cosmetic treatment on a deteriorated pavement should be avoided as the effort and funds 
spent on such superficial repairs are essentially wasted. If the mechanisms that cause the 
distress in the pavement are not halted as part of the rehabilitation, the distresses will continue 
to appear with increasing severity and leading to more repairs and costs.    

Minor rehabilitation measures without overlay include a series of repair and preventive 
treatments as patching, pothole repairs, and crack sealing and surface treatments. 

Major rehabilitation measures applicable to the actual project are: 

• Non-structural overlay 

• Structural overlay 

• Reconstruction with/without lane widening   

• Restoration without overlay (rigid pavements) 

Non-structural overlay 
Non-structural overlays may be placed on existing pavement to improve ride quality and /or 
surface friction. They are also placed to minimize the effects of aging of flexible pavements and 
minor surface irregularities. Non-structural overlays should not be placed where pavements 
show extensive signs of fatigue as longitudinal or alligator cracking, transverse cracking, faulting 
and pumping. Non-structural overlays are only effective if the existing pavement is structurally 
adequate with no or little signs of fatigue related distress or durability problems. 
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Structural overlay  
Structural overlays represent a wide variety of treatments to rehabilitate a pavement. They are 
used when a pavement has medium to high level distress which would make preventive 
maintenance/repair treatments too expensive or ineffective. However structural overlay should 
not be used in the following cases: 

• severe alligator cracking which will require complete removal and replacement of the 
pavement,  

• severe rutting indicates that the existing material lack sufficient stability    

• base course shows sign of serious deterioration and must be removed and replaced  

Reconstruction with/without lane widening 
Reconstruction is the most invasive rehabilitation option; however it may be the most cost-
effective if life cycle costs are considered. Reconstruction is most suitable for flexible 
pavements with high severity distress such as fatigue cracking or rutting or material durability 
problems. Reconstruction usually involves the removal and replacement of the entire pavement 
or larger parts of it, followed by the construction of new pavement layers. 

Recycled material from the existing pavement and special recycling techniques may be used in 
reconstruction of the pavement layers. Recycling of existing asphalt and other materials has 
become very common with the increase of costs for new materials and increased costs of 
disposal. The cost effectiveness of reconstruction measures could be enhanced greatly by the 
application of recycled pavement materials. 

There are two fundamental methods of asphalt recycling. 

• Hot Mix Recycling (HMR) with or without new materials 

• Cold Mix Recycling (CMR) of existing asphalt, bound and unbound material with or 
without new materials 

Mixing of the recycled and new materials can be done in-situ, on-site or off-site.  

Recovered materials should be used in such a manner that the expected performance of the 
pavement will not be compromised. Recycled materials differ vastly in there type and properties 
and certain limitations max be associated with their use.  

Restoration without overlay (rigid pavement) 
For the existing concrete pavement a non-overlay rehabilitation treatment seems the most 
adequate restoration method. This restoration includes  

• Preventive treatments (clean and reseal joints, restore drainage)  

• Repair treatments (crack sealing, slab replacement, joint/edge repair, surface repair)  

These measures are designed to restore functionality and structural capacity of the concrete 
pavement to an adequate level and limit further deterioration. 

1.3 Selection of rehabilitation measures 

At the actual stage of investigations and testing the selection and proposal of pavement 
rehabilitation measures in this report is mainly based on technical reasons. 
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It must be noted that the selection of the rehabilitation measures are highly influence by the 
amount of future traffic expected on the pavement and the effect of climate. Future traffic is a 
key consideration, because traffic direct influences rehabilitated pavement structural capacity 
and performance for the anticipated design life. Along with future traffic, climatic condition can 
also cause premature failure of rehabilitation especially if non-durable materials are used.  

The existing asphalt pavement has nearly reached the end of its design life but has due to lack 
of regular maintenance along several sections experience premature failure. The geotechnical 
investigations have shown that the asphalt is placed on a granular base consisting of crushed 
limestone over a cohesive mostly clayey subgrade. Locally deficiencies obviously related to 
improper drainage have been observed. The limestone used for the base of the road is 
relatively soft and might not withstand increased load cycles by higher future traffic loads.   

Considering the following major factors as: 

• severe deterioration of the asphalt on longer sections of the road,  

• locally improper drainage,  

• relatively soft limestone base, and  

• weak subgrade,   

• future traffic load in the range between 6.1msa and 15.9msa,  

reconstruction of the pavement is recommended.  

Overlay options are at this stage not considered a technical sound solution for the actual 
situation with severe deterioration of the existing asphalt pavement.  

The rehabilitated pavement shall withstand deterioration caused by expected future traffic and 
by using materials that are durable enough to last through the anticipated design life and shall 
include recycling techniques to make optimal use of the existing materials.  

The rehabilitation measure will be based on a pavement design which includes pavement layers 
of recycled materials and relevant recycling techniques.  

For the pavement design of the project road sections the selection of standards has been done 
during the inception phase to include established and well known design methods from different 
areas. These are the Russian/Former Soviet Union standard and European/Western standards. 
The British standard as representing a European standard, the Russian Standard used in The 
Republic of Moldova before and an American standard as general western standard has been 
reviewed and commented on. 

For the project road it is recommended to use the AASHTO Design Method as the data 
collection and compilation of required input values as traffic load and subgrade condition have 
been determined on the basis and method according AASHTO method. However, parallel to the 
AAHSTO design pavement design calculations have been done according Russian standard for 
comparison.  
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2 DESIGN PROCEDURES 

2.1 General Design Principles 

Pavement design is a process of selection of appropriate pavement and surfacing materials to 
ensure that the pavement performs adequately and requires minimal maintenance under the 
anticipated traffic loading for the design period adopted. This selection process involves 
adoption of material types, thicknesses and configurations of the pavement layers to meet the 
design and performance objectives.  

Performance objectives are to:  

• provide safe and comfortable riding conditions to all road users, being motor 
vehicles, cyclists and pedestrians, optimized for the road’s intended function and 
the level of use 

• provide low cost of ownership (i.e. minimum whole of life cost) to the State Road 
Authorities (Government) 

• comply with the Pavement Standards and other relevant State Road Authorities’ 
Guidelines and/or Standards 

2.2 Pavement Types 

The international recognised Pavement Design Standards set out procedures for the design of 
the following pavement types:  

• flexible pavements consisting of granular pavement materials with thin 
bituminous surfacing (“granular pavements”);  

• flexible pavements that include one or more lightly bound layers, either in    situ 
or in a plant (“stabilised pavements”);  

• flexible pavements consisting of predominantly asphaltic concrete layers;  

• rigid pavements (“concrete pavements”).  

Flexible pavements consisting of granular pavement materials without dust free surfacing 
(“gravel pavements”) should be considered only for remote rural roads, minor access roads or 
temporary roads. 
  
2.3 Design Parameter 

When designing or selecting a pavement, there are three fundamental external design 
parameters to consider: 

• the characteristic of the subgrade upon which the pavement is placed, 

• the applied loads and 

• the environment. 

2.4 Pavement Design Procedure 

The major influence on pavement design methods worldwide has the design method developed 
by the „American Association of State Highway and Transportation Officials“ (AASHTO).��

This design method the  
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• ASHTO Guide for Design of Pavement Structures, 1993, Volume 1, Design Procedures 
for new construction or reconstruction  

is recommended to be used for the pavement design of the project road M3 from Chisinau to 
Giurgiulesti.  

The AASHTO Guide for Design of Pavement Structures is based on precise input numbers for 
material properties, performance, reliability and Traffic.   

The main input parameters required by the design method are: 

• Traffic load 

• Reliability 

• Serviceability 

• Subgrade Strength 
  

In the following these parameters will be discussed and applied for the project road Chisinau – 
Giurgiulesti/Romanian Border. 
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3 DESIGN LIFE 

Design life is defined in terms of the cumulative traffic that can be carried before strengthening 
of the pavement is necessary. In this context, design life does not mean that at the end of the 
period the pavement will be completely worn out and in need of reconstruction; it means that 
towards the end of the period the pavement will need to be strengthened so that it can continue 
to carry traffic satisfactorily for a further period.  

For the road Chisinau – Giurgiulesti/Romanian Border, a design life of 20 years has to be 
considered according the TOR and will be applied for the pavement design.  
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4 TRAFFIC 

The traffic load is based on the forecasts of future traffic, vehicle damage factors and 
cumulative standard axles for a period of 20 years. Traffic counts have been performed which 
are used as the basic input figures for the determination of the traffic load. 

The traffic counts and axle load weighing to confirm existing traffic volumes and vehicle 
composition along the length of the project road have been conducted during July and August 
2008. As traffic flows are not constant throughout the year seasonal variation factor have been 
used to adjust the data from the month of survey to an “average” month. 

Traffic growth forecasts have been developed with regard to the existing traffic volumes on the 
project road, as revealed by the traffic surveys, and anticipated national and regional economic 
development especially the commissioning of the port at Giurgiulesti and its subsequent impact 
on the demand for highway transport, also considering the effect of improved accessibility and 
connectivity resulting from project implementation.  

The total forecasts volume of traffic during the design life is a two-way traffic. It is usually 
assumed that 50% of the total traffic goes into each direction. However the actual traffic survey 
has shown that the number of loaded trucks going south is considerable greater than in the 
opposite direction. The lane distribution factor for the design lane has therefore been taken as 
0.6 (60%) instead of the usually 0.5 (50%). 

The existing Chisinau – Giurgiulesti/Romanian Border road has with regard to traffic load been 
divided into eight sections. This includes town passages thru Comrat and Vulcanesti.   

For the pavement design the cumulative equivalent standard axles (ESAL) for each road 
section for a 20 year (2011-2031) design life are used. Detailed information regarding traffic is 
presented in the relevant chapter. 

For easier reference the summary of the cumulative standard axles for each road section is 
presented in the Table 4-1: 

Table 4-1: Cumulative ESAL for 20 year design life

Road section Cumulative ESAL          
(2011-2031) 

msa    

from (km) to (km) total in design 
lane 

Porumbrei 
34.5 

Junction with R3 
48.1 

12.64 x 106 7.58 x 106

Comrat town passage 
88.4                                        95.3 

15.92 x 106 9.55 x 106

Comrat 
95.3 

Junction with R38 
135.4 

11.12 x 106 6.67 x 106

Junction with R3 
135.4 

Ciumai                  
151.2 

7.05 x 106 4.23 x 106

Ciumai 
151.2 

Vulcanesti 
172.7 

6.13 x 106 3.68 x 106

Vulcanesti town passage 
172.7                                        176.2 

7.40 x 106 4.44 x 106

Vulcanesti Slobozia Mare 6.90 x 106 4.14 x 106
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176.2 201.9 

Slobozia Mare 
201.9 

Giurguilesti 
215.8 

12.59 x 106 7.56 x 106

Source: The Consultant 

The lane distribution factor for the design lane has been taken as 0.6 (60%) instead of the 
usually 0.5 (50%). 

The rehabilitation project for the M3 also shows a number of proposed bypasses. Traffic 
forecasts and Esal numbers for the anticipated bypasses are shown in the Table 4-2: 

Table 4-2: Cumulative ESAL in Bypass sections for 20 year design life 

Cumulative ESAL 
(2011-2031) 

msa Road / Bypass section 

total 
in design 

 lane 

M3 Extension and Cimislia bypass 
9.203 x 106 5.522 x 106

Comrat bypass 
14.593 x 106 8.756 x 106

Ciumai - Vulcanesti 
6.134 x 106 3.680 x 106

Vulcanesti bypass 
6.630 x 106 3.978 x 106

Slobozia Mare bypass + Southern Corridor realignment 
6.427 x 106 3.856 x 106

Source: The Consultant 

The lane distribution factor for the design lane has been taken as 0.6 (60%) instead of the 
usually 0.5 (50%). 

Detailed traffic data are presented in the corresponding chapter.  
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5 SUBGRADE STRENGTH 

The subgrade is forming the foundation of the road. The main purpose of the foundation is to 
distribute the applied vehicle loads to the deeper ground without causing distress in the 
foundation itself or in the overlying layers. This is required both during construction and during 
the service life of the pavement. 

During the life of a pavement, its foundation has to be able to withstand large numbers of 
repeated loads from traffic. It is also likely to experience ingress of water, particularly as the 
upper pavement materials begin to deteriorate towards the end of their design lives. 

The materials which represent the subgrade can be either natural ground or compacted fill. It is 
essential to investigate and evaluate the existing subgrade condition to determine the subgrade 
strength. The California Bearing Ratio (CBR) is traditionally used as an index test for subgrade 
strength. 

For the Chisinau – Giurgiulesti/Romanian Border road subgrade strength has been evaluated 
compiling the results of geotechnical investigations and testing. The subgrade assessment for 
this project is based on the California Bearing Ratio (CBR). The subgrade design CBR has 
been evaluated for the road and is presented in the “Geotechnical Investigations Report”. Based 
on the geotechnical determination the following subgrade CBR values will be used for the 
preliminary pavement design, shown in Table 5-1: 

Table 5-1: Preliminary Subgrade Design CBR Values 

Road section subgrade CBR design 
values 

from (km) to (km) % 

Porumbrei 
34.5 

Junction with R3 
48.1 

7 

Bypass M3 extension and bypass Cimislia 7 

Comrat 
88.4 

Junction with R38 
135.4 

7 

Bypass M3 extension and bypass Comrat 7 

Junction with R3 
135.4 

Ciumai                   
151.2 

6 

Ciumai 
151.2 

Vulcanesti 
172.7 

8 

New alignment and bypass Ciumai-Burlaceni 6 

Vulcanesti 
172.7 

Slobozia Mare 
201.9 

5 

Bypass Vulcanesti 5 

New alignment and bypasses of Slobozia Mare, Cislita-
Prut, Giurguilsti 

5 

Slobozia Mare 
201.9 

Giurguilesti 
215.8 

5 

Source: The Consultant 
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Areas of locally weak subgrade with a lower CBR value which might require additional measure 
will be determined during the second investigations phase. 
The AASHTO design method uses the Resilient Modulus as a main input factor to characterize 
the roadbed soil. Determination of the Resilient Modulus is given in AASHTO Test Method 
T274. The field investigation approach and method and testing was done for a CBR based 
Design Method of Pavement Structures. For this reason a direct determination of the resilient 
Modulus was not done and could not have been done in Azerbaijan as the equipment and 
trained personnel for the execution of the required test is not available locally. As this is not an 
unusual case, correlations and equations have been developed which can be used to estimate 
the Resilient Modulus (MR) from the standard CBR value. In addition to the correlation given by 
AASHTO there are various other relationships that are used around the world:     

AASHTO (Heukelom and Klomp)  
MR (psi) = 1,500 CBR, valid for values of CBR < 10 

Transportation and Road Research Laboratory (TRRL)   
MR (psi) = 2,555*(CBR)^0.64 

U.S. Army Corps of Engineers (Green and Hall): 
    MR (psi) = 5,409*(CBR)^0.71 

The equation suggested in the AASHTO Design Guide is considered reasonable for fine 
grained soils with a soaked CBR of 10 or less. The TRRL and AASHTO correlation provide 
results within a reasonable range where the U.S. Army Corps of Engineers equation gives 
results almost twice of the AASHTO correlation. The TRRL quotation has been proposed to be 
used in an up-dated AASHTO design and will therefore be used for the determination of the 
Resilient Modulus from CBR values for this project.

MR (psi) = 2,555*(CBR)0.64 

This equation used for the determination of Resilient Modulus suggested by the Transportation 
and Road Research Laboratory (TRRL) is considered a slightly conservative approach. For the 
project road the values in the Table 5-2 have been determined:   

Table 5-2: Preliminary Design CBR and Resilient Modulus 

Road section 
subgrade 

CBR design 
values 

Resilient 
Modulus 

from (km) to (km) % kpa 

Porumbrei 
34.5 

Junction with R3 
48.1 

7 61200 

Bypass M3 extension and bypass Cimislia 7 61200 

Comrat town passage 
88.4                                        95.3 

7 61200 

Comrat 
95.3 

Junction with R38 
135.4 

7 61200 

Bypass M3 extension and bypass Comrat 7 61200 

Junction with R3 
135.4 

Ciumai                   
151.2 

6 55450 
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Ciumai 
151.2 

Vulcanesti 
172.7 

8 66650 

New alignment and bypass Ciumai-Burlaceni 6 55450 

Vulcanesti town passage 
172.7                                        176.2 

5 49350 

Bypass Vulcanesti 5 49350 

Vulcanesti 
176.2 

Slobozia Mare 
201.9 

5 49350 

New alignment and bypasses of Slobozia Mare, Cislita-
Prut, Giurguilsti 

5 49350 

Slobozia Mare 
201.9 

Giurguilesti 
215.8 

5 49350 

Source: The Consultant 

In addition to the subgrade strength and traffic load the AASHTO Pavement Design procedure 
requires a number of input parameters which are determined in the following. 
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6 PAVEMENT DESIGN PARAMETER 

6.1 Reliability 

The reliability design factor accounts for chance variation in both traffic prediction and the 
performance prediction, and therefore provides a predetermined level of assurance that 
pavement sections will survive the period for which they are designed. 

For a given Reliability level (R), the reliability factor is a function of the overall standard 
deviation (So) that accounts for both chance variation in the traffic prediction and normal 
variation in pavement performance prediction for a given W18 traffic load. 

Values of So developed at the AASHO Road Test corresponds to a total standard deviation for 
traffic of 
  

Total standard deviation:   0.45 for flexible pavements 

Suggested Levels of Reliability for various functional classifications are given in the AASHTO 
Guide. For the project road which can be classified as a Principal Arterial passing through rural 
and urban areas, a level of Reliability of 95% is recommended. 

Standard Normal Deviate:  -1.645 equivalents to 95% Reliability level 

6.2 Serviceability 

The serviceability of a pavement is defined as its ability to serve the type of traffic which use the 
facility. The primary measure of serviceability is the Present Serviceability Index (PSI), which 
ranges from 0 (impossible road) to 5 (perfect road). Selection of the lowest allowable PSI or 
terminal serviceability index (pt) is based on the lowest index that will be tolerated before 
rehabilitation, resurfacing, or reconstruction becomes necessary. An index of 2.5 or higher is 
suggested for design of major highways and 2.0 for highways with lesser traffic volumes.   

The original or initial serviceability value po has been observed at the AASHTO Road Test at 4.2 
for flexible pavements.  

The total change in the serviceability index is defined as: 

� PSI = po - pt  

As the project road is considered a major highway a terminal serviceability index pt=2.5 and an 
initial serviceability value po=4.2 is suggested. With the above values for the project road the 
total change in the serviceability index is: 

� PSI = 4.2 – 2.5 = 1.7 

6.3 Structural Number  

According the ASHTO Guide for Design of Pavement Structures the design is based on 
identifying a flexible pavement structural number (SN) to withstand the projected level of axle 
load traffic.  

The structural number is an abstract number expressing the structural strength of a pavement 
required for given combinations of soil support, total traffic expressed in equivalent standard 
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axle loads (18kip), terminal serviceability and environment. The required structural number will 
be converted to actual thickness of pavement layers.  

For the Chisinau – Giurgiulesti/Romanian Border road the structural number has been 
calculated using the AASHTO software DARWin 3.1 which solves the formula given in the 
AASHTO Design Guide. The software program DARWin 3.1 has been used with the above 
determined input values applying the metric system. Detailed calculation results are presented 
in the Annex to this report. 

The Structural number can also be obtained from the Design Chart, Figure 3.1 provided in the 
AASHTO Design Guide using the above determined input values. 

For the road sections with different traffic loads and a 20 years design life the total required 
structural numbers (metric) have been determined as shown in the Table 6.3-1:

Table 6.3-1: Required Structural Number (SN)

Road section 

from (km)                            to (km) 

Cumulative 
ESAL         

(2011-2031) in 
design lane 

Required 
Structural 
Number 

SN (metric)   

Porumbrei 
34.5 

Junction with R3 
48.1 

7.58 x 106 121 

Comrat town passage 
88.4                                        95.3 

9.55 x 106 125 

Comrat 
95.3 

Junction with R38 
135.4 

6.67 x 106 118 

Junction with R3 
135.4 

Ciumai                 
151.2 

4.23 x 106 114 

Ciumai 
151.2 

Vulcanesti 
172.7 

3.68 x 106 105 

Vulcanesti town passage 
172.7                                        176.2 

4.44 x 106 120 

Vulcanesti 
176.2 

Slobozia Mare 
201.9 

4.14 x 106 119 

Slobozia Mare 
201.9 

Giurguilesti 
215.8 

7.56 x 106 129 

Source: The Consultant 

Road / Bypass section 

Cumulative 
ESAL         

(2011-2031) 
in design 

lane  

Required 
Structural 
Number 

SN (metric)

M3 Extension and Cimislia bypass 5.522 x 106 115 

Comrat bypass 8.756 x 106 123 

New alignment and bypass Ciumai-Burlaceni  3.680 x 106 112 

Vulcanesti bypass 3.978 x 106 118 
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Slobozia Mare bypass + Southern Corridor realignment 3.856 x 106 117 

Source: The Consultant 

Based on the above input parameter and calculations a pavement structure will be determined.  
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7 FLEXIBLE PAVEMENT DESIGN (AASHTO METHOD) 

7.1 Determination of pavement structure 

The design procedure is based on the analysis of all available data obtained from the 
geotechnical evaluations and other design parameter together with traffic data. Based on the 
evaluation of the geotechnical investigations, test results and traffic data an initial pavement 
design has been based on a preliminary subgrade design CBR values ranging from 5 to 8%. 
These CBR values have been determined based on preliminary investigations. Shorter sections 
of locally weak subgrade material which might require additional soil replacement/capping layer 
may exist but extend and limits have still to be verified with additional investigations. 

The general approach to determine the pavement structure with varying traffic loads over 
changing subgrade conditions is to provide a sufficient strong foundation and varying pavement 
layer thicknesses according traffic loads.  

The pavement design is done according AASHTO “Guide for the Design of Pavement 
Structures” for a 20year design life with the relevant traffic loads for all road sections. 

With the above determined structural numbers it is necessary to identify a set of pavement layer 
thicknesses which when combined, will provide the load carrying capacity corresponding to the 
required design structural number (SN).  

Determination of pavement layer thickness is done using the AASHTO design software 
DARWin 3.1 which uses the method and parameter according the AASHTO “Guide for the 
Design of Pavement Structures”. 

To convert structural numbers into layer thicknesses a layer coefficient is assigned to each layer 
material in the pavement structure. This layer coefficient expresses the empirical relationship 
between Structural Number (SN) and thickness and is a measure of the relative ability of the 
proposed material to function as a structural component of the pavement.   

The following general equation for structural numbers reflects the relative impact of layer 
coefficients (ai) and thickness (Di): 
      

      SN =  Σ ai Di

i=1 

      
Layer coefficients (ai) have been determined using graphs and tables presented in the AASHTO 
Guide for Design of Pavement Structures. Detailed layer coefficients are shown on the design 
calculation sheets which are attached in the Annex.

Considering the limited natural resources, the required import of bitumen and required recycling 
of existing asphalt pavement two different pavement structures have been calculated and will be 
compared.    

The first option of pavement structure is a more conservative full depth asphalt pavement with 
three asphalt layers and a subbase containing cold recycled asphalt material. This option will 
require new high quality aggregates for all three pavement layers and the usual amount of 
bitumen. 

The second option of pavement structure has two asphalt layers and a base course containing 
cold recycled asphalt underlain by a cement stabilised subbase layer. Part of the existing 



Road M3 Chisinau — Giurgiulesti/ Romanian Border Extension and Rehabilitation Project 
Pavement Design (January 2009) 

Joint Venture Kocks Consult GmbH, Koblenz – Universinj SRL, Chisinau                  18 

crushed limestone base material is utilised as capping layer. This pavement structure requires 
less new high quality aggregates as the cement stabilised subbase can be constructed with soil 
material of lower quality which is available. In addition the existing limestone layer is utilised.   

Determination of pavement layer thickness is done using AASHTO Ware Software program 
DARWin 3.1. Based on the above input parameter and calculations for this two pavement 
structure the layer thickness will be determined: 

Option 1: Full depth asphalt pavement  

• Asphalt surface course 

• Binder course 

• Bituminous base course 

• Subbase containing recycled asphalt, stabilised with bitumen emulsion 
and cement  

Option 2: Asphalt pavement with cold recycled base 

• Asphalt surface course 

• Binder course 

• Base containing recycled asphalt, stabilised with bitumen emulsion and 
cement  

• Subbase, cement stabilised  

• Capping layer, existing base limestone base 

For both pavement options the pavement layer thicknesses have been determined separate for 
all road sections based on the relevant parameters for each section.  In addition similar 
pavement structures have been chosen for the bypass section. As along the bypass sections no 
old pavement exists, the use of recycled material has not been taken into consideration. 

7.2 Recommended thickness of pavement layers  

The proposed pavement structure has been designed according to AASHTO, Guide for Design 
of Pavement Structures. The principal input parameters are defined above in the relevant 
chapter. Traffic load and other design parameter have been evaluated for a 20 year design life. 

The layer thicknesses have been designed taking into consideration the requirements of 
AASHTO for minimum thicknesses, the maximum aggregate size of the different material 
mixtures and construction considerations as practicality and maximum single layer thickness in 
terms of compaction. 

The pavement design and determination of layer thicknesses has resulted in a constant surface 
and binder course, except for the bypass sections. Base layer thickness is adopted to varying 
traffic loads. The variations in subgrade CBR are reflected by thickness of base and subbase 
layer. This has the advantage that the relatively thick base and subbase layer serve as a strong 
road foundation and the top pavement layers may be adapted to changing traffic loads.  

For both pavement options the reuse of existing suitable pavement materials is essential.  
The cement stabilised, hydraulic bound subbase course in pavement option 1 shall contain 
reclaimed asphalt pavement (RAP) material of the existing asphalt as well as the existing 
limestone layer. To improve the strength of the mix of cold recycled material it is recommended 
to add cement in the range of 3 to 5%. The subbase material shall have an unconfined 
compressive strength of >3.0 Mpa after 7days. Exact mix proportions and cement content have 
to be determined based o laboratory testing. 
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The pavement option 2 is considering more the availability of materials within the country and 
has therefore a reduced asphalt thickness. The base course shall be constructed of recycled 
asphalt and granular material with the addition of bitumen emulsions (2.5-5%) and cement 
(about 1 to 1.5%). Exact mix proportions and bitumen emulsion and cement content have to be 
determined based on laboratory testing. The cement stabilised subbase layer is considered to 
be constructed from lower quality material and shall have an unconfined compressive strength 
of >1.5 to 3.0 Mpa after 7days. Exact mix proportions and cement content have to be 
determined based o laboratory testing. 

The recycling and reuse of the old asphalt pavement material is considered a basic requirement 
and will also add to reduced need of new material.   

For both pavement options the cold mix recycling method should be used for the whole road 
length. The “direct in-place” cold recycling method is considered feasible for the pavement 
option 1 constructing the cement stabilised subbase with reclaimed asphalt pavement (RAP) 
material  

Cold recycling “indirect in-place” method which requires the removal and storage of material for 
reuse on-site may be used all along the road and should be used for pavement option 2.  

A summary of the recommended pavement structures for the existing alignment and bypass 
sections for both options is shown in Tables 7.2-1 and 7.2-4. 

For the bypass sections it has been assumed that ground conditions and subgrade strength will 
not differ significantly from the existing alignment and traffic volume will be less.  

Taking into consideration the type of materials available in the Republic of Moldova it is 
recommended to use the pavement option 2. Less asphalt thickness will require less high 
quality aggregates which are rare and have to be transported over greater distance form Soroca 
or imported. Less asphalt thickness also requires less bitumen which has to be imported. 
Limestone and cement is available locally and can be utilised in the pavement rehabilitation at 
lower rates than imported materials.    

Comparison of Russian and AASHTO pavement structure
In the Republic of Moldova for pavement design the Russian based Design Standard is 
commonly used. For the proposed pavement structure option 2 a calculation has been done 
according the Russian Standard using the software “RADON-2 CREDO/DIALOGUE Pavement 
Design and Analysis System”. At this stage of the project only the results of the calculation in 
form of the pavement structure with layer thicknesses is shown in Table 7.2-5 in comparison 
with the AASHTO Design method. The differences in layer thickness result from a number of 
difference in input parameter which are summarised below. 

One of the major differences is the way in which the traffic data is evaluated and the required 
input data determined. As the AASHTO design is mainly based on the number of standard axles 
the Russian method relies on the number of heavy (trucks) vehicles split into certain categories. 

The second major difference relates to the determination of subgrade strength. The Russian 
design method mainly relies on predetermined soil parameter for a certain region; the 
adaptation of actual values is limited, whereas the American method makes full use of the 
actual values determined by field and laboratory tests.  

Another difference relates to the material parameter of the different pavement layer according 
the relevant standards and requirements. This is the case to a lesser extend regarding the 
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parameter of the standard asphalt layers but leads to greater differences with regard to 
pavement layers which require the relatively new recycling and stabilising technology. 

At this preliminary design stage it is recommended to use the American pavement structure also 
it shows thicker base and subbase layers and has mostly a greater total pavement thickness. 
During the detailed design phase the American pavement design will be reviewed and adjusted 
according detailed investigation results. A change of the Russian pavement design is expected 
only in relation to adjusted material parameter for the recycled and stabilised pavement layers. 
A more detailed comparison of the parameter and calculations will be done during the detailed 
design phase. 
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Table 7. 2-1 : Flexible Pavement Design according AASHTO Guide for Design of Pavement Structures  1993

Calculation by software: DARWin Pavement Design and Analysis System

Option 1: Full depth asphalt pavement

Proposed preliminary pavement layer thickness along existing alignment

Design life 20 years

ESAL ESAL Design Resilient Total Asphalt Asphalt Bituminous Bituminous Subbase Total

Carriageway Design Lane CBR Modulus Thickness Concrete Binder Base Cold recycled Pavement

msa msa % kpa mm mm mm mm mm mm

Porumbrei - R3 Junction       

km 34.5 to km 48.1
12,637 7,582 7 61200 260 40 70 150 200 460

Comrat town passage         

km 88.4 to km 95.3
15,924 9,554 7 61200 270 40 70 160 200 470

Comrat - R38 Junction        

km 95.3 to km 135.4
11,122 6,673 7 61200 250 40 70 140 200 450

R38 Junction - Ciumai         

km 135.4 to km 151.2
7,051 4,231 6 55450 230 40 70 120 200 430

Ciumai - Vulcanesti           

km 151.2 to km 172.7
6,134 3,680 8 66650 210 40 70 100 180 390

Vulcanesti town passage      

km 172.7 to km 176.2
7,397 4,438 5 49350 290 40 70 180 200 490

Vulcanesti - Slobozia Mare     

km 176.2 to km 201.9
6,895 4,137 5 49350 250 40 70 140 200 450

Slobozia Mare - Giurgiulesti    

km 201.9 to km 215.8
12,591 7,555 5 49350 290 40 70 180 200 490

Recommendations:

Wearing Course: Asphalt concrete 0/16mm (0/11mm) Bitumen: Penetration Grade Bitumen 50/70 (EN 12591)

Binder Course: Bituminous binder course 0/22mm (0/16mm)

Base Course: Bitumninous treated base course 0/32mm (0/22mm)

Subbase: Cold recycled asphalt with new aggregates and stabilised with bit. emulsion 

The existing asphalt pavement (thickness 60mm to 280mm) has to be removed or milled and processed for reuse/ recycling.

M3 Chisinau - 

Giurgiulesti/Romanian 

Border

Following the removal of the existing pavement layers as required by the design in sections without in-place 

recycling the existing subgrade (road bed) has to be shaped to line and level and compacted to at least 95% 

MDD (AASHTO T180).
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Table 7.2-2 : Flexible Pavement Design according AASHTO Guide for Design of Pavement Structures  1993

Calculation by software: DARWin Pavement Design and Analysis System

Option 1: Full depth asphalt pavement with cement stabilised subbase

Proposed preliminary pavement layer thickness BYPASS SECTIONS

Design life 20 years

ESAL ESAL Design Resilient Total Asphalt Asphalt Bituminous Bituminous Cement stabilised Total

Carriageway Design Lane CBR Modulus Thickness Concrete Binder Base Subbase /base Pavement

msa msa % kpa mm mm mm mm mm mm

M3 Extension and Cimislia 

bypass
9,203 5,522 7 61200 110 40 70 160 200 470

Comrat bypass 14,593 8,756 7 61200 110 40 70 180 220 510

New alignment and bypass 

Ciumai-Burlaceni             
6,134 3,680 6 55450 110 40 70 150 200 460

Vulcanesti bypass 6,630 3,978 5 49350 110 40 70 170 200 480

Slobozia Mare bypass + 

Southern Corridor realignment
6,427 3,856 5 49350 110 40 70 170 200 480

Recommendations:

Wearing Course: Asphalt concrete 0/16mm (0/11mm) Bitumen: Penetration Grade Bitumen 50/70 (EN 12591)

Binder Course: Bituminous binder course 0/22mm (0/16mm)

Base Course: Bitumninous treated base course 0/32mm (0/22mm)

Subbase: Cement stabilised crushed limestone base with recycled asphalt , unconfined compessive strength 3.0 Mpa 

M3 Chisinau - 

Giurgiulesti/Romanian 

Border

Following the shaping of the road formation, the subgrade has to be compacted to at least 150mm below 

formation level to not less than 95% MDD  (AASHTO T180 or similar)
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Table 7. 2-3 : Flexible Pavement Design according AASHTO Guide for Design of Pavement Structures  1993

Calculation by software: DARWin Pavement Design and Analysis System

Option 2:  Asphalt pavement with cold recycled base

Proposed preliminary pavement layer thickness along existing alignment

Design life 20 years

ESAL ESAL Design Resilient Total Asphalt Asphalt Bituminous Base Subbase Capping Total

Carriageway Design Lane CBR Modulus Thickness Concrete Binder Cold recycled cement stabilised existing Pavement

msa msa % kpa mm mm mm mm mm mm mm *)

Porumbrei - R3 Junction       

km 34.5 to km 48.1
12,637 7,582 7 61200 310 40 70 200 200 120 630

Comrat town passage         

km 88.4 to km 95.3
15,924 9,554 7 61200 310 40 70 200 200 170 680

Comrat - R38 Junction        

km 95.3 to km 135.4
11,122 6,673 7 61200 310 40 70 200 200 100 610

R38 Junction - Ciumai         

km 135.4 to km 151.2
7,051 4,231 6 55450 310 40 70 200 200 100 610

Ciumai - Vulcanesti           

km 151.2 to km 172.7
6,134 3,680 8 66650 290 40 70 180 180 0 470

Vulcanesti town passage      

km 172.7 to km 176.2
7,397 4,438 5 49350 310 40 70 200 200 100 610

Vulcanesti - Slobozia Mare     

km 176.2 to km 201.9
6,895 4,137 5 49350 310 40 70 200 200 100 610

Slobozia Mare - Giurgiulesti    

km 201.9 to km 215.8
12,591 7,555 5 49350 330 40 70 220 200 170 700

Recommendations:

Wearing Course: Asphalt concrete 0/16mm (0/11mm) Bitumen: Penetration Grade Bitumen 50/70 (EN 12591)

Binder Course: Bituminous binder course 0/22mm (0/16mm)

Base Course: Cold recycled asphalt with new aggregates and stabilised with bit. emulsion 

Subbase: Cement stabilised, unconfined compessive strength 1.5 to 3.0 Mpa 

Capping layer; Existing crushed limestone material, CBR > 15%

The existing asphalt pavement (thickness 60mm to 280mm) has to be removed or milled and processed for reuse/ recycling.

M3 Chisinau - 

Giurgiulesti/Romanian 

Border

Following the removal of the existing pavement layers as required by the design in sections without in-place 

recycling the existing subgrade (road bed) has to be shaped to line and level and compacted to at least 95% 

MDD (AASHTO T180).

*) including existing 

capping layer 
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Table 7.2-4 : Flexible Pavement Design according AASHTO Guide for Design of Pavement Structures  1993

Calculation by software: DARWin Pavement Design and Analysis System

Option 2: Asphalt pavement with cement stabilised base

Proposed preliminary pavement layer thickness BYPASS SECTIONS

Design life 20 years

ESAL ESAL Design Resilient Total Asphalt Asphalt Bituminous Cement stabilised Capping Total

Carriageway Design Lane CBR Modulus Thickness Concrete Binder Base limestone Pavement

msa msa % kpa mm mm mm mm mm mm

M3 Extension and Cimislia 

bypass
9,203 5,522 7 61200 170 40 130 200 200 570

Comrat bypass 14,593 8,756 7 61200 180 40 140 200 240 620

New alignment and bypass 

Ciumai-Burlaceni             
6,134 3,680 6 55450 160 40 120 200 200 560

Vulcanesti bypass 6,630 3,978 5 49350 180 40 140 200 200 580

Slobozia Mare bypass + 

Southern Corridor realignment
6,427 3,856 5 49350 180 40 140 200 200 580

Recommendations:

Wearing Course: Asphalt concrete 0/16mm (0/11mm) Bitumen: Penetration Grade Bitumen 50/70 (EN 12591)

Binder Course: Bituminous binder course 0/22mm (0/16mm)

Base Course: Cement stabilised, unconfined compessive strength  > 3.0 Mpa 

Subbase: crushed limestone, CBR > 15%  

M3 Chisinau - 

Giurgiulesti/Romanian 

Border

Following the shaping of the road formation, the subgrade/ capping has to be compacted to not less than 
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Table 7.2-5: Comparison of pavement structures determined by Russian and Amercan design procedures 

Option 2:  Asphalt pavement with cold recycled base

Proposed preliminary pavement layer thickness along existing alignment

Design life 20 years

 Flexible Pavement Design according ODN 218.046-01 2001

Calculation by software: DARWin Pavement Design and Analysis System

Asphalt Bituminous Capping Total Asphalt Bituminous Capping Total

Concrete Binder existing Pavement Concrete Binder existing Pavement

mm mm mm mm *) mm mm mm mm *)

Porumbrei - R3 Junction     

km 34.5 to km 48.1
210 40 70 100 200 150 560 310 40 70 200 200 120 630

Comrat town passage       

km 88.4 to km 95.3
250 40 70 140 200 170 620 310 40 70 200 200 170 680

Comrat - R38 Junction       

km 95.3 to km 135.4
230 40 70 120 160 240 630 310 40 70 200 200 100 610

R38 Junction - Ciumai       

km 135.4 to km 151.2
230 40 70 120 200 150 580 310 40 70 200 200 100 610

Ciumai - Vulcanesti         

km 151.2 to km 172.7
230 40 70 120 180 150 560 290 40 70 180 180 0 470

Vulcanesti town passage     

km 172.7 to km 176.2
250 40 70 140 200 150 600 310 40 70 200 200 100 610

Vulcanesti - Slobozia Mare    

km 176.2 to km 201.9
210 40 70 100 200 150 560 310 40 70 200 200 100 610

Slobozia Mare - Giurgiulesti   

km 201.9 to km 215.8
250 40 70 140 200 150 600 330 40 70 220 200 170 700

Bitumen: Penetration Grade Bitumen 60/90 (GOST 22245) Bitumen: Penetration Grade Bitumen 50/70 (EN 12591)

Base Course : Cold recycled existing asphalt stabilsed with bitumen emulsion and cement, new aggregates added as required based on laboratory tests

*) including existing 

capping layer 

M3 Chisinau - 

Giurgiulesti/Romanian 

Border

*) including existing 

capping layer 

Subbase 

cement 

stabilised    

mm

Subbase 

cement 

stabilised   

mm

Base cold 

recycled 

mm

Base cold 

recycled   

mm

Total 

Asphalt 

thickness 

mm

Total 

Asphalt 

thickness 

mm

Flexible Pavement Design according AASHTO Guide for Design of 

Pavement Structures  1993Calculation by software: RADON-2 CREDO/DIALOGUE Pavement Design and 

Analysis System
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7.3 Frost protection 
Considering the cohesive subgrade and embankment fill along the project road attention has to 
be paid to the influence of freezing temperatures to the pavement layers and subgrade.  

Based on long-term meteorological data the maximum depth of frost penetration has been 
recorded in the range from 600mm in the Cahul and Vulcanesti area to 700mm in the region 
around Cimislia and Comrat.  The total thickness of the pavement structure which is considered 
non frost-susceptible has a thickness from 390 to more than 600mm. The subgrade is 
considered frost-susceptible. 

Taking full consideration of the frost penetration depth requires pavement thickness to be 
increased by adding granular material to reach the frost penetration depth. Granular material 
which qualifies as non frost-susceptible is very rare in Moldova. For this reason a limited 
subgrade frost penetration approach is adapted at this stage of the design for this road. This 
approach allows some frost penetration into the subgrade but enough to allow unacceptable 
surface roughness to develop. 

7.4 Pavement Materials 

All materials to be used shall comply with the requirements listed below, in the geotechnical 
report and in the relevant standards. For the construction of the proposed pavement the main 
properties of the bituminous mixes and materials which shall be used for the designed layers 
are as follows: 

Bitumen 
For the bituminous mixes of the new pavement layers for the Chisinau – Giurgiulesti/Romanian 
Border road the use of penetration grade bitumen 50/70 according European standard 
EN12591 is recommended. The interaction of the bitumen with the aggregates to be used shall 
be tested especially with regard to adhesion. Depending on the test results it might become 
necessary to use additives to modify the properties of the bitumen and meet the requirements.  

Bitumen is not produced in Moldova and it is assumed that all required bitumen und bituminous 
products will have to be imported 

Modified Bitumen 
Bitumen is so useful in the road making and road maintenance industries because of its basic 
thermoplastic nature, i.e. it is stiff/solid when cold and liquid when hot. 

These basic properties of bitumen can be modified by the addition of flux oils or volatile oils to 
produce bitumen of various grades. These grades are specified by their viscosity, (penetration), 
and their softening point, this information, along with other physical characteristics is specified in
EN 12591 (Bitumen and bituminous binders).  

Polymer additives do not chemically combine or change the chemical nature of the bitumen 
being modified. Polymers change the physical nature of bitumen; they are able to modify such 
physical properties as the softening point and the brittleness of the bitumen.  
Elastic recovery/ductility can also be improved. This in turn will alter the properties of the 
aggregate/bitumen mixture in which the modified bitumen is used. These criteria are important 
in a mix in relation to wheel track rutting at high temperatures and fatigue cracking at low 
temperatures due to the brittleness of the mix. 
These are the advantages of modified bitumen that it performs better in higher or lower 
temperatures than the standard bitumen.  
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The possible problems with modified bitumen are mainly in the storage of the bitumen, mixing 
temperatures, and the length of time the material is held at elevated temperatures before laying. 
The blending of bitumen and polymer is not an easy process, so modified bitumen is usually 
purchased in a ready blended form from the bitumen supplier. 

Bituminous materials containing modified bitumen binders are very expensive, especially the 
proprietary materials. In some cases the extra cost will be justified, but there are very good 
"conventional'' materials available capable of satisfying most highway requirements.

For the actual project it is recommended to consider the use of modified bitumen only if the 
required properties of the bitumen and asphalt mixes cannot be satisfied with normal bitumen. If 
modified bitumen for this road will be used it should aim to provide an extended elasticity range 
to ensure good performance at high temperatures and improve adhesion of the bitumen and 
aggregates. Any modified bitumen utilised in the asphalt should comply with European Standard 
EN 14023-Bitumen und bituminous Binders, modified bitumen.      

Asphalt surface course 
A continuously graded asphalt concrete based on Marshall Test criteria is recommended for the 
construction of the structural surfacing. Aggregates for asphalt concrete shall be entirely 
crushed material and provided from approved sources and shall be free from elongated, soft or 
decomposed pieces, excess dust and any dirt, acids or other deleterious substances. 

Asphalt concrete (0/16mm) ,  
Binder: Bitumen 50/70,  
recommended range of binder content 5.4 to 6.5%  

    Degree of compaction to > 97% 
    Air voids in mix 3 to 5% 
  
The grading of the mixture of coarse and fine aggregates shall be within and approximately 
parallel to the grading envelope given in the Table 7.4-1:  

Table 7.4-1:  Recommended Grading for Asphalt Concrete 

Percentage by mass of total aggregate passing 
Sieve size 

Asphalt concrete 0/11mm Asphalt concrete 0/16mm 

mm Min % Max % Min % Max % 

16.0 100 100 90 100 

11.2 90 100 70 85 

8.0 70 85 59 72 

2.0 45 55 35 45 

0.063 6 12 5 9 
Source: The Consultant 

As an alternative the grading for asphalt concrete 0/11mm is provided in the above table. The 
recommended bitumen content for the finer asphalt concrete 0/11 is 6.2 to 7.0%. 

A nominal mix proportion of 6.0% bitumen can be considered for cost calculation purposes for 
Asphalt concrete 0/16mm.   

Asphalt binder course 
A continuously graded bituminous binder course based on Marshall Test criteria is 
recommended. Crushed material from approved borrow areas with natural river gravel will meet 
the main requirements for aggregate production. Aggregates for asphalt binder shall be entirely 
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crushed material and shall be free from elongated, soft or decomposed pieces, excess dust and 
any dirt, acids or other deleterious substances. 

Asphalt binder (0/22mm) 
Binder: Bitumen 50/70,  
recommended range of binder content 4.2 to 5.0%  

    Degree of compaction to > 97% 
Air voids in mix 4 to 7% 

The grading of the mixture of coarse and fine aggregates shall be within and approximately 
parallel to the grading envelope given in the Table 7.4-2: 

Table 7.4-2:  Recommended Grading for Asphalt binder course 

Percentage by mass of total aggregate passing 
Sieve size 

Binder course  0/16mm Binder course 0/22mm 

mm Min % Max % Min % Max % 

22.0 100 100 90 100 

16.0 90 100 65 80 

11.2 65 80 53 63 

2.0 25 40 25 33 

0.063 3 8 3 7 
Source: The Consultant 

As an alternative the grading for asphalt binder course 0/16mm is provided in the above table. 
The recommended bitumen content for the finer asphalt binder course 0/16 is 4.4 to 5.5%. 

A nominal mix proportion of 4.6% bitumen can be considered for cost calculation purposes for 
binder course 0/22mm. 

Bituminous base course 
The material for base course shall consist of crushed stone, roughly cubical in shape, free from 
elongated, soft or decomposed pieces, excess dust and any dirt, acids or other deleterious 
substances. Crushed river gravel will be suitable material for the production of the coarse 
aggregates. For the fine aggregate material like crushed stone or sand or a blend of these may 
be used. 

Asphalt base (0/32mm) 
Binder: Bitumen 50/70,  
binder content  >4.0% 
Marshall stability >8kN at 60°C 
Degree of compaction to > 97% 
Air voids in mix 4 to 10% 

The grading of the mixture of coarse and fine aggregates shall be within and approximately 
parallel to the grading envelope given in the Table 7.4-3: 

Table 7.4-3:  Recommended Grading for Bituminous Base Course 

Percentage by mass of total aggregate passing 
Sieve size 

Bit. base course  0/22mm Bit. base course 0/32mm 

Mm Min % Max % Min % Max % 

31.5 100 100 90 100 

22.0 90 100 75 90 
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16.0 75 90 66 81 

11.2 62 79 57 73 

2.0 25 40 25 40 

0.063 3 9 3 9 
Source: The Consultant 

As an alternative the grading for bituminous base course 0/22mm is provided in the above table. 
The recommended bitumen content for the finer bituminous base course 0/22 is >4.0% 

A nominal mix proportion of 4.0% bitumen can be considered for cost calculation purposes. 

Prime Coat 
All non–bituminous road bases shall be primed. The most appropriate binders for priming are 
medium curing fluid cut-backs MC 30 and MC 70. MC 30 is suitable for practically all types of 
materials. MC 70 is suitable only for open textured materials, such as crushed stone. The rate 
of application of 1.0 litre/m² is proposed for cost calculation purposes 

The use of emulsions for priming is not recommended. If the use of emulsion is proposed by the 
contractor the suitability of the material has to be demonstrated on a test section.  

Tack Coat 
A tack coat has to be applied on all bituminous surfaces, e.g. bituminous base course, existing 
bituminous surface for overlaying, widening of existing bituminous pavement layers. Tack coats 
shall be bitumen emulsions complying with the relevant standards. For cost calculation 
purposes a rate of spray of 0.6litres/m² is proposed.�

Cement stabilised base course (containing recycled asphalt and natural material) 
For the provision of material and construction of the cement stabilised base it can be possible to 
use the existing asphalt construction as recycled construction material from the whole road 
section. In this case the existing asphalt construction is to be milled and to be transported to 
special collecting stations. Than this asphalt material is to be mixed with natural crushed 
limestone material. This process can also occur direct in place. The recommended proportion of 
milled asphalt material and crushed limestone material is 1:1. The crushed limestone should 
have a grading as a sand-gravel material. 

Possible surplus of asphalt material can be used for the construction of the unbound pavement 
shoulders. 

For raising the strength of the material mix it is proposed to stabilize the mixture of milled 
asphalt material and crushed limestone material by cement as binder. This activity should be 
carried out direct in place and were possible the milled asphalt material and gravel-sand 
material can be mixed in place also. 

Milled asphalt material and crushed limestone (gravel-sand grading) material are to be 
transported to the construction site separately. Both materials will be laid upon each other in the 
needed layer thickness and in accordance to the profile. Both layers are to be compacted 
together, as it will be possible to drive on the surface by a milling machine or stabilizer. 
Homogeneous blending of both materials occurs using a high-capacity milling machine – 
stabilizer.  
Approximately 24 hours after laying a vibrating roller is to drive on the surface of the by cement 
stabilized layer for getting micro cracks in the layer. These micro cracks in the layer stabilized 
by cement are necessary in order that uncontrolled shrinkage cracks will not appear in the base 
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course stabilized by cement. These micro cracks in the base course can be achieved as a rule 
usually after three passes of the vibrating roller.  

Requirements for a base course stabilized by cement are the following:  

Cement 
Recommended type: CEM II 32,5 or CEM III 32,5 

Cement rate approximately:  � 80 kg/m³ per m³ of the mixture stabilized by cement 

Table 7.4-4:  Recommended Grading for Cement Stabilized Material from Recycled  
  Asphalt and Natural Material

Sieve size Percentage by mass of total aggregate passing 

Mm min % max % 

50 100 

31.5 75 100 

16.0 50 90 

8.0 40 70 

4.0 30 50 

1.0 10 35 

0.063 0 15 

Source: The Consultant 

Table 7.4-5: Requirements to the Mixture Stabilized by Cement 

Characteristic Unit Requirement 

(1) 
Proctor density 

(Standard Proctor value) 
kg/m³ � 2100 

(2) 

Compressive strength after 7 days 

(Proctor specimen d: 1500 mm) 

Standard Proctor compaction 

MPa > 5.0 

Source: The Consultant 

Cement stabilised subbase (containing recycled asphalt and natural material) 
For the provision of material and construction of the proposed cement stabilised subbase it is 
recommended to use the existing asphalt construction as recycled construction material from 
the whole road section. In this case the existing asphalt construction is to be milled and to be 
transported to special collecting stations. Than this asphalt material is to be mixed with natural 
crushed limestone material. This process can also occur direct in place. The recommended 
proportion of milled asphalt material and crushed limestone material is 1:1. Such a material mix 
can be applied in unbound form as alternative for granular sub base. 
After approx. 24 hours of laying time a vibrating roller is to drive on the surface of the by cement 
stabilized layer for getting micro cracks in the layer. These micro cracks in the layer stabilized 
by cement are necessary in order that uncontrolled shrinkage cracks will not appear in the base 
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course stabilized by cement. These micro cracks in the base course can be achieved in the rule 
after three passes of the vibrating roller.  

Homogeneous blending of both materials occurs using a high-capacity milling machine – 
stabilizer. In case of manufacturing granular sub base for an optimal compaction the needed 
amount of water will be dosed via the milling machine. 

Requirements for a subbase course stabilized by cement are the following:  

Cement 
Recommended type: CEM II 32,5 or CEM III 32,5 

Cement rate approximately:  � 80 kg/m³ per m³ of the mixture stabilized by cement 

Table 7.4-6:  Recommended Grading for Cement Stabilized Material from Recycled  
  Asphalt and Natural Material

Sieve size Percentage by mass of total aggregate passing 

Mm min % max % 

50 100 

31.5 75 100 

16.0 50 90 

8.0 40 70 

4.0 30 50 

1.0 10 35 

0.063 0 15 

Source: The Consultant 

Table 7.4-7: Recommended Requirements to the Mixture Stabilized by Cement 

Characteristic Unit Requirement 

(1) 
Proctor density  

(Standard Proctor value) 
Kg/m³ � 2100 

(2) 

Compressive strength after 7 days 

(Proctor specimen d: 1500 mm) 

Standard Proctor compaction 

MPa � 3.0 - � 5.0 

(3) 
Indirect tensile strength after 7 days 

(Proctor specimen d: 1500 mm) 
MPa � 0.25 - � 0.55 

Source: The Consultant 

Granular subbase  
Granular sub-base material can be selected from road excavation and/or from borrow areas. 
Selection within the material sources will be required in some cases. The material may consist 
of natural sands, gravels, crushed rock, crushed slag, and crushed concrete and recycled 
aggregates. The material shall not contain more than 50% asphalt arising.  
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If the use of mixtures with an asphalt arising content greater than 50% is intended the material 
mix shall be assessed using a trafficking trial  

For all sub-base of natural granular material a minimum CBR value of 30 % is required. 

Table 7.4-8:  Recommended Grading for Granular Subbase

Sieve size Percentage by mass of total aggregate passing 

mm Min % Max % 

50 100 

31.5 75 100 

16.0 50 90 

8.0 30 75 

4.0 15 60 

1.0 0 35 

0.063 0 9 
Source: The Consultant 

The size fraction of the subbase material passing the 0.425 mm size test sieve shall have a 
plasticity index of less than 6. 

Capping Layer 
Soils for capping layer or soil replacement can be obtained from areas of cut, or from borrow 
pits. Road way excavation will virtually also yield material suitable for the construction of the 
capping layer.  

Recommended grading or plasticity criteria are not given for these materials, the content of fine 
material passing the 0.063mm sieve shall be less than 10% . It is also desirable to select 
reasonably homogeneous materials since overall pavement behaviour often enhanced by this. 
The selection of materials which show the least change in bearing capacity from dry to wet is 
also beneficial. 

Material to be used as capping layer shall have a minimum CBR of 15 % at 95% MDD under 
soaked conditions.  
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