The information, links, and documents on this page are designed to help applicants and engineers complete a flexible pavement design for use on Connecticut DOT projects or those projects in which the Connecticut DOT is involved in some manner.

Guidance is provided in the Design Companion document by clicking on the corresponding hyperlink.
The first tool calculates the traffic over the design life of the pavement being design.

1.  Tool for Calculating ESALs (ESALCALC.xls)

This tool is an Excel spreadsheet that has many tabs, basically one for each functional class with default traffic classification values.  You should go to the Inputs tab (you may also read the Instructions tab) and enter the information in all the colored cells.  This information is used in each of the tabs.  Once you have entered the information, go to the appropriate tab for the functional class of the road being designed.  The only values to change within the tabs is the percentage of vehicles in each class.  You can then save the ESALCALC.xls document under Save As with a project name and then reuse the ESALCALC.xls tool for other projects.

The answer is the yellow-highlighted cell at the bottom right corner of the cells in the tab.  The answer needs to be plugged into the Flexible Pavement Design Tool.xls application, covered below.
2.  Tool for Calculating the Required Structural Number (SN) (Flexible Pavement Design Tool.xls)

The required structural number (SNf) is the key value that the AASHTO method uses to design pavement thickness.  When building a new roadway or reconstructing one, every layer in the pavement will be a new layer.  If sufficient layers are provided,  the provided SN (the SN of the pavement designed, SNeff) will equal or exceed the required SN.
In order to obtain SNf , five other inputs are needed.  They are listed below.  One of these is the W18, or ESALs during the design period.  This value should come from the ESALCALC.xls exercise above.  See below for values to use in performing a pavement design:

DESIGN INPUTS

AASHTO 1993 Pavement Design is basically an equation that has six variables, with the 6th one (SN) being the one that needs to be calculated.
They are:

1.  W18 = Equivalent Single Axle Loads over the design life of the pavement.

USE ESALCALC.xls and accompanying documentation to find this value.
Most of the information is contained within ESALCALC.xls in the Inputs tab.

2.  Reliability = Reliability level of the design.  

For most roadways this should be 90%.  Consult the 1993 AASHTO guide for deviations.  (For instance, we design Interstate and Expressway pavements with 95% reliability).

3.  Standard deviation = 0.49 is what we use.

4.  Delta PSI = Change in serviceability from initial to final.  

For HMA, initial PSI should be 4.2.  For final PSI, the value is most often 2.5, except for collectors and minor roadways this could be 2.0.  Terminal PSI can be thought of as the condition at which a fraction of users would feel the road is in poor condition (failed).

Using 2.5 for terminal serviceability yields Delta PSI of 1.7, using 2.0 yields 2.2 for Delta PSI.

5.  M(r) = Resilient modulus of the subgrade (unimproved soil).

The most likely value in CT is 10,000 psi (most glacial tills).  See the Flexible Pavement Design Tool.xls document to see values for other soil types.

The sixth variable is the Structural Number.  This is what we are solving for.  The equation does not allow for an explicit solution (the SN term can’t be isolated), so an iterative process is used (or, in the old days, a design nomograph).  This is why Solver is needed in the Flexible Pavement Design Tool.xls.

Excel comes bundled with the Solver Add-In.  It is up to each software user to activate it.  (There are other useful tools such as the Data Analysis toolpak, which has statistical functions within it).  But there is no need to have Administrative rights to activate it.  

Please see the Flexible Pavement Design Tool.xls document – there are brief instructions on how to do this (in Excel 2003 and also for Excel 2010, which is a little different).

Think of statistical tests in how the design application should be run.  The first thing that one does with a statistical test is select the level of significance so that a hard decision line is picked and not strayed from.  For engineering applications, this is commonly 0.05 for the t-test, for example.  So if the answer is 0.0501, we do not reject the null hypothesis but if the level of significance is 0.049, we can reject the null hypothesis at the level selected a priori.  Similarly, you should settle on your inputs before running the analysis, documenting why each one is chosen. (for instance, selecting an appropriate Mr , which can be selected at 8500 psi because of a sand with some silt; or it may be lower because it is known to be a silty sand that is problematic, 7500 psi; engineering judgment should be used at this juncture – in selecting the inputs.)  Only after this is done should the SN be calculated, and then the decision is simple as to what is an adequate design and what is not.  So if the SN required is 2.96 and the SN of the pavement structure is 2.95, then extra thickness should be provided, not inputs changed.

Rehabilitation Design

For rehabilitation design, you have to assign layer coefficients to pavement that will remain in place, including the granular layers above the subgrade.  The required SN is computed as with a new pavement design, and the effective SN of the pavement layers that remain are subtracted to obtain the required SN of the overlay.  For hot-mix overlays in Connecticut, this SN is divided by the layer coefficient for new HMA, namely 0.44, to obtain the required overlay thickness.

EXAMPLE

Rehabilitation project on a pavement that is 2” Bituminous Concrete Class 1 on 1.5” of various liquid surface treatments on 3” bituminous-penetrated crushed stone (macadam) on 6” gravel.  The surface is raveling and the top lift is to be milled off.  There is block cracking (10% of the area) and transverse cracking (10% of the area), alligator cracking (2% of the area), and little longitudinal cracking, and no patching/potholes.

Native soil = Silt (Mr = 7,000 psi will be used)
ADT = 5,000 vehicles
Urban minor arterial

15-year design

Truck and car growth rate = 2.0%

1. Use ESALCALC.xls with these values – 693,034 ESALs

2. For the Flexible Pavement Design Tool.xls tool,

The five inputs are:  W18 = 693,034;  Std Dev = 0.49; Mr = 7500 psi;  Terminal PSI = 2.5 (delta PSI = 1.7 because initial PSI = 4.2 for bit. conc);  reliability = 90%.
Flexible Pavement Design Tool.xls yields a required SN of 3.33.
For the provided SN, we need to evaluate the existing layers. The top two inches will be milled, so they will not be used in calculating SNeff.
1.5 inches (lower-strength material consisting of asphalt, chip-seals, etc) at 0.25

3” macadam base, at 0.25 (little or no degradation from original condition)

6” gravel, at 0.10 (little or no degradation)

SN eff = 1.5(0.25)(1) + 3 (0.25)(1) + 6(0.10)(1) = 0.375 + 0.39 + 0.60 = 1.725
SN ol = SNf – SNeff = 3.33 – 1.725 = 1.605.  For HMA, at 0.44/in, the overlay thickness is 3.65 inches.

So a 4” overlay after milling 2” would be structurally adequate. 

