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CHAPTER 1 

INTRODUCTION 

Introduction 

This report describes an update to the Jntegrated Climatic Model (ICM). The ICM is a 

one-dimensional coupled heat and moisture flow program that is intended for use in analyzing 

pavement soil systems in conjunction with climatic conditions. The Integrated Climatic Model 
. . . . -. . . . . - . 

2.0 is upgrade to the original Jnteg'ated Model that was developed in a joint effort by the 

Texas Transportation Institute, Texas A&M University and the Department of Civil Engineering, 

University of Illinois in 1989. The main improvement to the ICM is the implementation of a 

standard Microsoft@ Windows style interface. A graphical user interface has been developed to 

aid the user in the creation of input models as well as allowing flexibility in creating output files. 

This report includes a short discussion of the theories behind the Integrated Climatic Model. 

Following this discussion, are step by step instructions on the use of the ICM including example 

input and output. 

The Jntegrated Climatic Model has the capability of generating internally realistic 

patterns of rainfall, solar radiation, cloud cover, wind speed, and air temperature to simulate the 

upper boundary conditions. It also has a variety of options for specifying the moisture and 

temperature, or the flux of these at the lower boundary and at the interface between the subgrade 

and the base course. It considers the lateral and vertical drainage of the base course, which is a 

two-dimensional problem, in determining the amount of water that enters the subgrade by 

infiltration through the pavement surface and base course. 

The ICM steps forward in time with time steps ranging fiom 0.01 to 1.0 hours, with 

boundary conditions calculated for the entire analysis period which can be as long as a year. The 

program calculates the temperature, pore pressure, moisture content and resilient modulus for 

each node in the profile for the entire analysis period. The ICM also predicts fiost behavior, 

including heave and penetration depth; thermal gradient and curl seain in the pavement layer; and 

infiltration and drainage behavior of the base course. 



General Features . 

The ICM requires the following climatic data as inputs: daily minimum and maximum 

temperatures, cloud cover, wind speed and precipitation amounts. As an aid to the user, the ICM 

includes average climatic data for 20 cities representing 9 climatic regions in the United States 

(Figure 1). It is recommended though, that actual daily climatic data be used when modeling 

climatic effects on pavements. Extreme climatic conditions and their effect on pavements are 
- -  - . - -  - 

lost when using average climatic data. 

Figure 1. The nine climate regions in the U.S and representative cities 

Modeling the pavement profile is accomplished by a graphical user interface. The user 

may add and subtract layers from the model profile by using the pull down menus or keyboard 

shortcuts. Pavement and soil parameters for each layer are input using material layer dialog 

boxes. The ICM is capable of generating large amounts of output data. The user may manipulate 

this data into a more accessible form within the program. Both graphical arid tabular 

representations may be chosen to view the desired output data. The ICM is capable of using 

either metric or English units for both input and output. 
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The Integrated Climatic Model 2.0 contains many improvements over the earlier version. 
&. 

Users may edit default values for end  layer properties allowing for simple consiruction of 

input files. Climatic data file manipulation allows for the importing and exporting of climatic 

data files. Another input improvement to the ICM is that users may interpolate between input 

values for initial profile construction. Input value error checking along with context sensitive help 

reduces the number of errors made in creating input files. 

Improvements to-the ICM compu&onal engine'are also present. Actual daily climatic 

data is now input instead of average values. Though average values can still be input using the 

interpolation and generation features of the climatic conditions dialog box. The original version 

of the ICM used the Precipitation model to generate rainfall patterns and intensity according to 

long-term averages. The new version of the ICM allows the user to input actual rainfall amounts 

or use the Precipitation model fi-om the original version. Analysis periods can now start fi-om any 

day of the year and can range from one day to one year. The final improvement to the ICM is 

that it uses only 32-bit code for faster computation times. 

Major improvements in the Integrated Climatic Model 2.0 relate to output file 

manipulation. Output data is now accessible for any time within the analysis period. Display of 

the ICM output data can now be in both graphical and tabular forms with complete user control of 

the output file contents. The user can edit the appearance of the graphs generated by the IM. Up 

to six profiles can be plotted on a single graph, with user-controlled legends, axis labels, titles and 

scale. The ICM tables are tab separated, which allow them to be imported into other programs 

such as Microsoft's Excel @ or IBM's Lotus 123 @. 

Precipitation Model 

The Precipitation Model is a mathematical model that uses a deterministic algorithm that is 

applicable wherever rainfall amounts and patterns are required for pavement engineering design. 

The procedure uses average climatic data and congruential mathematical concepts to simulate 

rainfall patterns that are considered acceptable for design purposes. Using simulated rainfall data 

ensures that rainfall during the design period will be equal to or greater than the long-term 

climatic average. Actual precipitation data can cause an unconservative prediction of drainage 

behavior. This occurs when the amount of precipitation in the design period is considerably 

below the long-term average. Use of actual precipitation data though is recommended when 



modeling extreme &all events. For example if the user is modeling drainage behavior under a 

I 00-year rainfall evenf actual rainfall amounts should be input. Another time actual precipitation 

data should be used is when comparing modeled data to actual pavement performance data over a 

given period of t h e .  

This module of the ICM provides the amount of rain and the day on which rainfall occurs, 

which is in turn a required input to the Infiltration and Drainage Model. This data is used along 

with the d r h a g e  &aGsk to compute the probabilities of wet and d& days, wet and Qy base 

courses and the probability of developing base course moduli associated with different degrees of 

saturation. Included with the Integrated Climatic Model are 30 years of precipitation data from 

the National Oceanic and Atmospheric Administration (NOAA) for nine climatic zones. 

Additional cities have been included making a total of 15 specific sites. Provisions are made for 

the user to enter original data for any specific site for wbich data is available. 

Output data from the Precipitation Model is computed for each month of the design period. 

It consists of the amount of rainfall, the day on which it occurs, the number of thunderstorms and 

some statistical analysis. 

Infiltration and Drainage Model 

The Infiltration and Drainage Model (ID) perfo.rms several tasks in evaluating the effect 

of precipitation on a pavement profile. These tasks include drainage analysis, infiltration analysis 

and pavement design evaluation. 

The ID model uses a numerical technique to compute the degree of drainage (drained 

area / total area in percent) versus time of an initially saturated granular base course with lateral 

drainage overlying a permeable or impermeable subgrade. This analysis assumes that the base 

course is a free draining material. The Pavement Evaluation module of the ID Model uses an 

empirical procedure to evaluate the relative adequacy of the base course design in terms of the 

amount of time that is required to reach a critical degree of saturation. The more rapidly the base 

course can drain, the more effective it will be as a load carrying member of the pavement 

structure under wet conditions. The Infiltration module of the ID Model includes the previously 

described analyses along with the probabilistic analyses of rainfall amounts and patterns derived 

from the Precipitation Model or from actual rainfall amounts. The ID model then conducts a 



rainfall analysis to calculate the probability of wet and dry days. The ID model uses these 

analyses to model the infiltration of water through cracks in the pavement and calculates the 

probability of having a wet or dry pavement profile. The output of ID Model includes the 

following analyses, the degree of saturation of the base course, the degree of drainage over 

consecutive dry days, and the probability of a dryiwet base course. 

Climatic-Materials-Structures Model 

- - 
Temperatures throu-@out the pavement structure are dominated byatmospheric 

conditions at the surface. While it is easy to monitor air temperatures, there is not a direct 

correspondence between air temperatures and surface temperatures. The Climatic-Materials- 

Structures Model (CMS) generates the heat flux at the surface, which then establishes the 

temperature profile through the asphalt concrete and Portland cement concrete layers. The energy 

balance at the surface is 

Qi-Qr+Qa-Qcf-Qcf ~~k Q,=O 

where 

(Equation 1) 

Qi incoming short wave radiation 

Q, reflected short wave radiation 

Q, incoming long wave radiation 

Q, outgoing long wave radiation 

Q, sensible or convective heat transfer (function of air temperature and wind speed) 

Qh effects of transpiration, condensation, evaporation and sublimation 

Q, energy absorbed by the ground 

A one-dimensional, forward finite difference, heat transfer model is used to determine the 

temperature distribution in the pavement layers. The value for the temperature at the bottom of 

the pavement layer is given to the Frost Heave and Thaw Settlement Model for the soil 

temperature predictions. The model considers radiation, convection, conduction, and the effects 

of latent heat. It does not consider transpiration, condensation, evaporation, or sublimation. 

These latter effects are neglected because of the uncertainty in their calculations and because their 

omission does not create simificant errors in the heat balance at the surface of the pavement. 

Heat fluxes caused by precipitation and moisture infiltration are also neglected. 



Frost Heave and Thaw Settlement Model 

The United States Anny Cold Regions Research and Engineering Laboratory (CRREL) 

Frost Heave and Thaw Settlement Model is a mathematical model of coupled heat and moisture 

flow in soils. The phase change of water to ice is computed using the CRREL Model and 

therefore is capable of providing a measure of h s t  heave. The CRREL Model uses the 

temperature profile through the pavement layers as established by the CMS Model to compute 

changes in the soil temperatmi5 profileyand thus frost penetration and thaw settlement. The soil 

suction profile as it varies with time is also determined. The freezing zone may range in 

thickness from a few millimeters to many meters, and wherever it occurs it controls the 

movement of moisture due to ice segregating and partially blocking the pores in the soil against 

moisture movement. The nature of this blockage is handled by reducing the unsaturated 

hydraulic conductivity (permeabilrty). 

The one-dimensional zone in which the moisture and temperature changes occur is 

broken into discrete segments in which all soil properties are assumed to be constant during a 

given time increment. These properties include the porosity, volumetric water and ice content, 

unsaturated permeability, and thermal conductivity of the soil. The end points of each segment 

are nodal points where the temperature, negative pore water pressure, and overburden pressure 

are computed. A heat and water mass balance is computed within each se-ment at each time 

step. In considering the flow of water and heat, knowing the initial volumetric water content, the 

inflow of water into the segment, and the temperature and suction at each end of the segment, the 

volumetric ice content can be calculated during each increment of time. If the sum of the 

volumetric unfrozen water content and the volumetric ice content exceeds the porosity of the soil, 

that indicates that a heave has occurred as the ice formed in that segment. Similarly, as the ice in 

each segment takes on heat and melts, it reduces its volume and thaw settlement takes place in 

that segment. The sum of the ice heaves or thaw settlements in all segments gives the total frost 

heave or thaw settlement at the surface at any point in time. 

With each time step, the CRREL Model balances a budget of the net energy entering and 

leaving a freezing zone while maintaining the thermal boundary conditions. Simultaneously, it 

keeps an account of the net influx and efflux of water and the accumulation of ice in the soil 

pores while maintaining the hydraulic boundary conditions and imposing the overburden pressure 

which rcust be overcome in order for frost heave to take place. Freezing and thawing of the pore 



ice is treated as a process that occurs isothermally at the fieezing temperature. Ice forms in each 

segment when the latent heat of fusion (80 caVg) for a given quantity of water is extracted fiom a 

segment. Conversely, ice thaws when heat is added to the segment at the fieezing temperature 

sufficient to provide the latent heat of fusion for all of the fiozen pore ice in the segment. When a 

segment reaches the fieezing temperature, it is held at that temperature until it accumulates 

enough heat to thaw or loses enough heat to fieeze. Once all of the water that is going to fieeze at 

that temperature has fiozen, the segment is allowed to decrease its temperature further in 

accordance with the heat flow calcilationi. Siriiilirly, when the soil thaws, the segment is held at 

the fieezing temperature until all of the pore water is unfrozen and then the segment is allowed to 

increase its temperature further as dictated by the transient heat flow calculations. The flow of 

water in each segment obeys Darcy's law in which the permeability (also called hydraulic 

conductivity) varies with the negative pore water pressure according to the Gardner functions. 

Documentation 

This report includes definitions and a suitable range of values for all Integrated Climatic 

Model variables. Short essays are also included outlining the sensitivity of the Integrated Climatic 

Model to particular input variables. For a more complete understanding of the theory behind the 

Integrated Climatic Model and it components, see the following sources. 

"An Integrated Model of Climatic Effects on Pavements", Final Report, R. L. Lytton, D. E. 

Pufahl, C. H. Michalak, H. S. Liang and Barry J. Dempsey, Federal Highway Administration 

Report Number FHWA-RD-90-033, 1989. 

"The Climatic-Materials-Structural Analysis Program", Final Report, B.J. Dempsey, W. A. 

Herlach and A. J. Patel, Federal Highway Administration Report Number FHWA-RD-84-115 

Volume 3, February 1985. 

'Znvironmental Effects on Pavement-Drainage", Volume 4, S. J: Liu and R L. Lytton, Federal 

Highway Administration, Washington, D.C., FHWA Report, FHWA-DTFH-61-87-C-00057, 

1985. 

'Mathematical Model of Frost Heave and Thaw Settlement in Pavements", Report, G. L. 

Guymon, R. L. Berg, and T. C. Johnson, U.S. Army Cold Regions Research Laboratory 1986. 



CHAPTER 2 
- 

IhTEGRATED CLIMATIC MODEL SETUP 

Requirements 

The Integrated Climatic Model Version 2.0 is designed to operate on microcomputers 

using the Windows 95 or Windows NT 32-bit operating systems. The ICM will not run in 

Window 3.1 1 using the Win32s library. An Intel 486DX2-66 processor or its equivalent is 

recommended for efficient operation of the IM, though it will operate on slower processors. A 

minimum of 5h4B of hard drive space is needed to install the IM. The ICM requires a minimum 

of 30 h4B to operate efficiently due to the large output files that are generated. Output file size is 

dependent opon the length of the analysis period as well as the frequency that data is output. 

Installation 

The Integrated Climatic Model 2.0 may be installed from either floppy disk or fiom a 

compressed file downloaded over the Internet. The most recent version of the Integrated Climatic 

Model can be found at: 

To install the ICM from a compressed download file, place the file 'in a temporary 

directory. The file name for the compressed file will be (imXXY.zip) with the XYX being 

replaced with the version number (example - im200.zip is the Integrated Climatic Model version 

2.0.0). Extract all of the compressed files to the temporary directory. Use the Windows Explorer 

to run the executable file Setup.exe in the temporary directory. For Integrated Climatic Model 

installation fiom floppy disk insert disk one of the Integrated Climatic Model into the floppy 

drive and run the executable file Setup.exe. It is recommended that the user exit from all other 

Windows applications before installing the Integrated Climatic Model. 

Installation of the ICM is done with the assistant of Install Shield. The Install Shield 

queries the user on where and how the ICM should be setup. The Install Shield has a series of 

dialog boxes where the user must accept or enter data. An insmctional dialog box first appears 

welcoming the user to the Inteegated Climatic Model setup. The next dialog box queries the user 

for the user's name and company. Following this dialog box, the user is required to either accept 



the default installation directory (C:\Fhwa) or select an alternative. The ICM can be setup in any 

user-specified directory. Install Shield will create a new directory if the user-specified directory 

does not exist. The user may also use the Browse button to select a directory for the IM. After 

the directory for the ICM is chosen, the user must select the folder name that will appear on the 

Window's Start menu. It is recommended that the user select the default folder name (Tntegrated 

Climatic Model). Install Shield now installs the ICM on the user's hard drive and copies all 

necessary files to their proper directories. Once the Install Shield completes copying the 

necessary files, the ICMis ready for use. To run the ICM the *er may either sel&t the 

Integrated Model icon on the Window's Start menu or by running the fhw~exe file in the 

installation directory. 

The Integated Climatic Model allows the user to run an automatic uninstall to remove 

the program from the hard drive. The uninstall program removes the Integrated Climatic Model 

and all of its components from the hard drive. User input files and output data files are not 

removed by the uninstall program. When upgrading to newer versions of the IM, it is 

recommended to remove the old version before installing the new. 

Before the Integrated Climatic Model is m, the user should check the current printer 

settings. Plots generated by the ICM fail to print graph titles and axis labels properly on some 

types of printers with certain settings. This occurs when the printer is using soft fonts to print 

Windows True Type fonts. To avoid graphing problems, change printer settings to "Print True 

Type fonts as graphics" under printer properties. 

Files - 

The Integrated Climatic Model creates and uses a number of separate directories. The 

main directory for the ICM will be the one specified during installation. The executable file 

fhwaexe should not be moved from the installation directory. The ICM registers itself with the 

Windows registry upon installation and requires several other data files for proper operation. 

These files are installed along with the ICM in the proper directory. If the default values for 

Setup are used the following directories are created. 

C:\ Fhwa: Main directory. Contains the main executable file fhwaexe along with other 

files necessary for the operation of the IM. Other files in this directory include: 



im.exe - Computational engine of the IM. 

d defaultdat - Contains cu nt default material layer data. 

defaultink Contains original default material data. 

rad.dat - Solar radiation data. 

urbana.pav - Sample ICM document. 

C:WhwaU)ata: Contains climatic data supplied with the Integrated Climatic Model. It is 

recommended, though not required, for users to store input climatic data in this directory. 

The following file types are stored in the Data subdirectory: 

*.mmt - Daily maximudminimum temperature data. 

*.wnd - Daily average wind speed. 

*.rfg - Generated precipitation data. 

*.rfa - Actual precipitation data. 

*.sun - Daily percent sun shine. 

*.bnd - Daily lower boundary suction values. 

C:WhwaWiles: Contains the directories where generated output data is stored. The ICM 

creates an output file sub-directory with the same name as an associated input file. The 

ICM creates several raw data files when the ICM is run and places them in the 

appropriate sub-directory. 

*.crl - Minimum and maximum thaw, frost, and thermal gradient data. 

*.dm - Raw drainage output. 

*.thm - Thaw, frost and thermal gradient data. 

*.tern - Temperature data. 

*.mod - Resilient modulus data. 

*.por - Pore pressure data. 

*.wat - Water content data. 

*.txt - User generated output files. The default names of these files consist of the input 

file name and default file number. 



A full Windows Help file is included with the Integrated Climatic Model. A user may interact 

with the ICM help files in several different ways. A help contents file organizes all help articles 

in a logical order that allows the user to better understand the workings of the M. A help index 

displays help topics in alphabetical order that allows for the rapid search of the help topics. A 

word search that allows the user to search all of the ICM help files for particular words or 

combinations of words. Help files are-accessed in the following ways, selecting Contents on the 

Help pull down menu; pressing the F1 function key; or selecting the context sensitive help button 

from the Integrated Climatic Model tooIbar. The context sensitive help button is the button with 

a question mark and an arrow. When the context sensitive help button is selected, the cursor 

becomes a question mark with an arrow. Once the context sensitive help cursor is active, the user 

may access help on a particular topic by left clicking the mouse button while the cursor is over an 

object of interest. 

The ICM also contains value checking for input variables. As variables are input, the 

ICM checks the validity of that variable as input. If the value for that variable falls outside of the 

accepted range of values the ICM will warn the user, highlight the variable in question and 

prompt the user to change the input value. 

The help files that are included with the Integrated Climatic Model contain much of the 

information in this report. Updated help files are included with new releases of the Integrated 

Climatic Model. There may be small discrepancies between this report and these help files. The 

updated help files should take precedence over information in this report. 



CHAPTER 3 

CREATING INTEGRATED CLIMATIC MODEL FILES 

Overview 

The main thrust of this report is to show users how to create ICM files, run ICM files and 

manipulate ICM output files. This chapter specifically covers the creation of ICM input files. 

The step by step creation of -an input file fiom beginning to end iS detailed in this chapter. The 

input file shown in this report (urbanapav) is included with the Integrated Climatic Model 2.0 

installation to aid users. 

The Integrated Climatic Model uses a graphical user interface to generate input models 

called pavement documents. A pavement document is saved by the ICM with a file extension of 

(*.pav). The pavement document stores all input information for the Integrated Climatic Model. 

These inputs include pavement geometry, soil and pavement material properties, climatic 

boundary conditions and initial conditions. All ICM input data is entered through a series of 

dialog boxes. The ICM provides default values for all ICM inputs. Upon completion of an input 

file, the user selects Run from the File menu to execute the ICM and generate output data. 

Model Initialization 

To run the Integrated CIimatic Model 2.0 @vI) the user may select the Integrated Model 

icon on the Windows Start menu. The user may also run the ICM by running its executable file, 

fhw~exe,  which is found in the main ICM directory that was selected during installation. When 

the ICM is started, an empty window appears. The user then must choose whether to open an 

existing ICM input file (*.pav) or to create a new one. To open a new file the user should select 

New from the File menu. To open an existing file select Open fiom the File menu. Selecting 

New from the file menu creates a new ICM document (Figure 2) that is used to model pavement- 

soil-climate systems. 

The new pavement document is now ready to accept user inputs. The Integrated Ciimatic 

Model Initialization dialog box (Figure 2) is the first step in building an input pavement 

document. The Integrated Climatic Model Initialization dialog box sets the initial parameters for 

the execution of the ICM. All input variables in this dialog box should be entered before 



T. 

proceeding with file creation, since several other ICM dialog boxes depend upon this one for their 

- initialization. 

I 5 j Weather Station:User 
i Climatic RegimRegi 

- : Desaiption: 96-Avg. 97) lntegzd Model example. 

Fiewe 2. A new Integrated Climatic Model document and Initialization dialog box. 

Model Description: This edit box attaches a brief description of the pavement profile to the 

current pavement document. This description will be attached to all views generated by the IM. 

There is a maximum limit of 128 characters allowed in the Model Description edit box. The 

Model Description edit box may be left blank. 13 
- .. 

... , 
Climatic Region: This drop down list box selects which climatic region is to be modeled. There 

are nine climatic regions defined for the United States (Figure 1). Since a large quantity of 

climatic input data is needed for the proper operation of the Integrated Climatic Model, the user 
f" ? 
i 1 may elect to use representative data from any one of the nine climatic regions. Lfthe users are 
L;! 

supplying their own climatic data, the Climatic Region input is only required for the base course 
[? saturation calculation in the Infiltration and Drainage model. 



Weather Station: This drop down list box selects whether to use climatic data supplied with the 

ICM or user supplied climatic data. To use climatic data supplied with the ICM select either a 

city in the climatic region or select Average to use climatic data that is representative of that 

climatic region. The climatic data supplied with the Integrated Climatic Model is calculated by 

using thirty (30) years of climatic data for that weather station. To input new climatic data, select 

User Defmed in the weather station drop down list box The Integrated Climatic Model will 

query the user for User Defined climatic inputs with the Climatic/Boundary Conditions dialog 

box. If User Defmed is selected in the weather-station list box, a value for the latitude df the 

weather station is also required. 

Year: This edit box sets the year of the first daylmonth in the analysis period. A fourdigit value 

for the year must be entered for the ICM to operate properly. The ICM will accept as inputs the 

years from 1900 to 2100 inclusive. The Integrated Climatic Model automatically considers leap 

years when importing climatic data. 

Month: This list box sets the month of the first day in the analysis period. Select a month from 

the drop down list box. The ICM may start an analysis during any month of the year. 

Day: This edit box sets the day of the month of the first day in the analysis period. Care should 

be taken so as not to choose a date that does not exist (example February 30). 

Length of Analysis Period: This edit box sets the time period over which the ICM will run. Up 

to one year of data may be analyzed at one time. The maximum value for the analysis period is 

365 days (366 days if February 29 is included in the period). The analysis period can start at any 

date during the year and run for an entire year. The Integrated Climatic Model automatically will 

shorten the period from 366 days to 365 days if February 29 does not fall within the analysis 

period. 

Time Increment for Output: This edit box controls how often the ICM outputs data to file. 

Acceptable values range from 0.1 to 6.0 hours. If there are more than a few days in the analysis 

period, values shorter than 1.0 hours should not be used as this will cause very large output files 

to be generated. The larger this value the faster the Integrated Climatic Model will run. This 

value should be evenly divisible into 24 hours to ensure ICM stability. Examples of values that 



divide evenly are (6.0,4.0, 0.5, 0.1). Examples of values that do not divide evenly are (5.23,5.0, 

0.47). 

Time Increment for Calculation: This edit box controls the time increment used for running the 

IM. Allowable values for this value vary between 0.01 and 1.0 hours. There is a direct 

correlation between this value and the amount of time it takes the ICM to successfully execute an 

analysis period. Too large of time increments may not model the climates effect on the 
. - 

pavementlsoil well & ~ m a l l e ~ ~ a l u e s .  Stabili6 problems may occur if a large t h e  

increment is used with small soil elements. 

Latitude: This edit box is only active if the user has selected the User Defined weather station. 

This value is used to calculate the amount of incoming solar radiation on the pavement This 

value is also used to calculate the time of local sunrise and sunset. Values for latitude should be 

expressed in a decimal form (example 30" 15' = 30.25). 

Clirnatic/Boundary Condition Dialo~ Box 

The ClimaticBoundary Condition dialog box (Figure 3) accepts and display climatic data 

that is required for the proper operation of the Integrated Climatic Model. Five separate 

parameters are handled by ClimaticBoundary Condition dialog box. These parameters are 

maximum/minimum temperatures, rainfall, wind speed, percent sunshine, and lower boundary 

suction. This dialog box allows the user to input/manipulate climatic data. If a predefined 

weather station using default climatic data is selected in the Integrated Climatic Model 

Initialization dialog box, only the lower boundary suction data may be edited. lfthe value for the 

weather station is User Defined, the Integrated Climatic Model requires the user to input all 

climatic data. There are several ways to accomplish this by means of the menu in this dialog box. 

Clear: Clears the selected data type. 

Import: Imports climatic data fiom disk. 

Generate: Generateslinterpolates climatic data. 

Save: Save current input data to disk. 

To edit clirnatic~boundary data the user must inputledit the values in the parameter edit 

boxes above the large list box. Use the carriage return to enter the data and move the input focus 



to the next data item. Data may also be input into the parameter list box by entering a value in the 

edit box and then left clicking the mouse on another value in the parameter list box. Data items 

may be left temporarily blank-, though they will need to be inputlgenerated before the Integrated 

Climatic Model will execute. Interpolating between the given input data using the Generate 

menu command can later generate values for missing data 

Weather Station:User D 

Description:Urbana L ( S 

Figure 3. ClimaticBoundary Conditions dialog box 

Maximum and Minimum Temperature: The Integrated Climatic Model requires 

maximum/minimum temperature values to be input for each day in the analysis period. The 

Integrated Climatic Model uses these values to determine the air temperature at each time 

increment. Interpolating the current air temperature from the time1 temperature maximum and the 

timdtemperature minimum does this. The time of day for temperature maximdminirnurn is 

input using the Thermal Properties dialog box. Interpolating between existing values can 

generate values for blank entries of maximum/minhum temperature. This is accomplished by 



selecting Generate I Temperature from the Climatic/Boundary Condition dialog box menu. If 

importing data from a disk file t h d p e r a t u r e  data mud take the following form (Table 1): 

Month Day Maximum Minimum 

Temperature Temperature 

Integer Integer Floatingpoint Floatingpoint 

Table 1. A sample maximumlminimum temperature file. 

Blank spaces, tabs or commas may separate the data. Every day in the analysis period 

need not be included in the file for the Integrated Climatic Model to successful import the 

temperature data. If a date is given in the data file, both maximum and minimum temperatures 

mud be included. Data for dates that are not included will be left blank. It is recommended 

though not required, that all maximum/minirnum temperature data files end with a (*.mmt) 

extension. 

Rainfall: The Integrated Climatic Model requires precipitation data to operate properly. There 

are two types of precipitation input files that can be used with the Integrated Climatic Model. 

Actual rainfall data (*.rfa) and generated rainfall data (*.fig). Precipitation that falls duritlg a 

month when the mean temperature is less than the freezing temperature of water is assumed to 

fall as snow. The precipitation then is assumed to infiltrate the pavement during the first half 

month during which the mean temperature is above the freezing temperature of water. The 

Integrated Climatic Model uses the file extension of the rainfall data file to determine whether the 

file it is importing is an actual or generated rainfall file. 

Actual Rainfall: For actual rainfall data, the user is required to input the amount of precipitation 

that occurs at the weather station each day. Precipitation that falls during a month with a mean 



average temperature below the freezing temperature of water is assumed to fall in the form of 

snow and should be input as its rainfall equivalent. If no precipitation fell for a day in the 

analysis period, a value of zero should be input. Imported actual rainfall data must have the 

following fonn (Table 2): 

Month Day Rainfall 

Integer Integer Floatingpoint 
... 

1 1 0.00 

1 2 0.45 

1 3 1.35 

1 4 0.00 

Table 2. A sample actual rainfall data file. 

Blank spaces, tabs or commas may separate the data. Every day in the analysis period 

need not be included in the file for the Integrated Climatic Model to successful import the actual 

rainfall data file. If a date is left blank, no rainfall data will be imported for that day and a value 

will need to be input for the Integrated Climatic Model to run successfully. The ICM requires all 

actual rainfall data files to end with the extension (* .rfa). 

Generated Rainfall: Generated rainfall data is created using the Precipitation Model. 

The Precipitation Model is a deterministic algorithm that provides a simulation of rainfall events. 

The model uses congruential algebra and number theory to develop a pseudo-random number 

generator that selects the wet days of each month and distributes the total d a l l  to each wet day. 

Generated rainfall data must have the following form (Table 3). Generated rainfall files are 

required to have the extension (*.rfg). Users may also generate rainfall using this method by 

selecting Generate 1 Rainfall on the ClimaticlBoundary Condition dialog box menu. 

Wind Speed: The Integrated Climatic Model requires wind speed values to be input for each day 

in the analysis period. This value is used in calculations involving wind speed for the entire day. 

Wind speed data is used to calculate the convection at the pavement surface. Interpolating 

between previously input values can generate values for blank entries of wind speed. This is 



Number of years of monthly rainfall data 

Average amount of Average number of Average number of Mean monthly 

rainfall monthly wet days monthly thunderstorms monthly temperature 

(For each month in the consideration period) 

. . . .. 
Confidence Level 

2 

1.86 

2.20 

2.43 

5.70 

2.92 

1.64 

1.35 

2.43 

4.40 

3.73 

4.17 

5.25 

5.23 

5.47 

4.06 

7.27 

4.72 

2.6 1 

3.89 

3.36 

4.08 

6.88 

1.92 

0.95 

Table 3. Generated rainfall data file covering two years. 



accomplished by selecting Generatelwindspeed from the ClimaticlBoundary Condition dialog 

box menu. If importing data fiom a disk file the wind speed data must take the following form 

(Table 4). 

Month Day W i d  speed 

Integer Integer Floatingpoint 

1 1 10.2 

1 2 8.4 

1 3 20.1 

1 4 16.1 

.... 
Table 4. A sample wind speed data file. 

Blank spaces, tabs or commas may separate the data. Every day in the analysis period need not 

be included in the file for the Integrated Climatic Model to successful import the wind speed data. 

Data for dates that are not included will be left blank. It is recommended though not required, 

that all wind speed files end with a (*.wnd) extension. 

Percent Sunshine: The ICM requires percent sunshine values to be input for each day in the 

analysis period. This value is used in calculations involving percent sunshine for the entire day. 

Percent sunshine data is used to calculate the amount of solar radiation on pavements surface 

during day light hours and the amount of cloud cover for radiational cooling at night. Values for 

blank entries of percent sunshine can be generated by interpolating between previously input 

values. This is accomplished by selecting Generate 1 Percent Sunshine from the 

Climatic/Boundan Condition dialog box menu. Percent sunshine should be expressed in the 

following form (Table 5). If importing data fiom a disk file the percent sunshine data must take 

the following form (Table 6). 

100% Sunshine = 100.0 

50% Sunshine = 50.0 

1 % Sunshine = 1.0 

Table 5. Percent sunshine formatting. 



Month Day Percent sunshine 

Integer Integer Floatingpoint 

1 1 50 

1 2 75.4 

1 3 100 

1 4 0 

Table 6. Sample percent sunshine data file. 

Blank spaces, tabs or commas may separate the data. Every day in the analysis period need not 

be included in the file for the Integrated Climatic Model to successful import the percent sunshine 

data. Data for dates that are not included will be left blank. It is recommended though not 

required, that all percent sunshine files end with a (*.sun) extension. 

Lower Boundary Suction: The ICM requires lower boundary suction values to be input for each 

day in the analysis period. This value is used in calculations involving lower boundary suction 

for the entire day. Lower boundary suction data represent the position of the water table. If the 

water table is at the bottom of the soil profile set the value of lower boundary suction to 0. If the 

water table is higber than the bottom node of the soil profile, a positive value for suction should 

be used (calculate using the hydrostatic pressure). If the water table is beneath the bottom node 

the user should input the current suction at that node (can be calculated by using a negative 

hydrostatic pressure). Hydrostatic pressure can be calculated by taking the unit weight of water 

and multiplying by the distance from the node to the water table. Positive pore water pressure is 

input as a positive number. Suction pressure is input as a negative number. 

A constant water table would result in the lower boundary suction remaining constant for 

the entire analysis period. The lower boundary suction pressure is not affected by input 

precipitation. To model a rising water table due to precipitation the user must increase the value 

for lower boundary suction. Unlike the other parameters input using the Climatic43oundary 

Condition dialog box, values for lower boundary suction must be input even if the user has 

chosen to use default data provided with the IM. This is because lower boundary suction data is 

dependent upon both the profile geometry and the climatic region. Interpolating between 



previously input values can generate values for blank entries of lower boundary suction. This is 

accomplished by selecting Generatelhwer Boundary Suction from the Clirnatic/Boundary 

Condition dialog box menu. If importing data from a disk file the lower boundary suction data 

must take the following form (Table 7). 

Month Day h w e r  boundary suction 

Integer Integer Floatingpoint 

Table 7. A sample percent sunshine data file. 

Blank spaces, tabs or commas may separate the data. Every day in the analysis period 

need not be included in the file for the Integrated Climatic Model to successful import the lower 

boundary suction data. Data for dates that are not included will be left blank. The ICM 

recommend though does not require that all lower boundary suction files end with a (*.bnd) 

extension. 

Clear Data: Menu option of the ClimaticlBoundary Condition dialog box. Clears input data of 

the type selected. Only available for User Defined weather stations. Boundary suction files may 

be cleared even if weather station is not User Defined. 

Import Data File: Menu option of the ClimaticlBoundary Condition dialog box. Imports 

climatic data of the type selected. Only available for User Defined weather stations. Importing 

data will cause the current data in the parameter list box to be over written. Only data that is 

needed by the Integrated Climatic Model will be imported. For example, if a data file contains a 

year's worth of temperature data and the analysis period went from July 1 to July 10, only the 

data from the analysis period would be imported. Only actual rainfall (*.rfa) and generated 

rainfall (*.rfg) files are required to have their specific extension to be imported. All other data 

files can have any extension and still be imported. The drawback to not using the proper file 
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! 
extension is that the files will not show up unless All Files (*.*) is chosen in the Open File dialog 

box Boundary suction files may be imported even if the weather station is not User Defined. 

Generate: Menu option of the ClimaticlBoundary Condition dialog box Generates input data of 

the type selected by interpolating between given values. Existing data is not changed. Lf only a 

r -. single value of data has been input and Generate is chosen, that value will be input for every day 
i 

in the analysis period. If two values have been input Generate will interpolate between the two 
.. . 
values. Data values before-ind after the dates of the two values will be  set to those values 

...... .... . , ... . .. - .. 
3.' ! 

L- 
respectively. Generate ( W a l l  works differently than the other Generate menu options. 

Generate 1 Rainfall calls the Generated Rainfall dialog box. This option will overwrite current 

rainfall data. 

F ?  

! ! Save Data File: Menu option of the Climatic/Boundary Condition dialog box. This option saves 
, :  

input data of the type selected to a disk file that can later be imported. All climatic data can be 
- 

saved to disk. When saving a climatic data file it is recommended that the default file extensions 
. . 

be used. The correct file extension is appended to the end of the save file if no file extension is 

given. If saving a Generated Rainfall data file to disk, it should be saved as an Actual Rainfall 
- data file. This is necessary because the precipitation has already been generated by the Integrated 

Climatic Model and now is considered actual for archival purposes 

Generated Rainfall Dialog Box: The Generated Rainfall Dialog Box allows the user to input the 

data necessary to statistically generate a rainfall distribution using the Precipitation Model. 

The Precipitation Model requires monthly rainfall amount, number of wet days per month, 

number of thunderstorms per month and the confidence level. To generate rainfall data the user 

must input appropriate values in the parameter edit boxes above the large list box. Use the 

carriage return to enter the data and move the input focus to the next data item. Data may also be 

input into the parameter list box by entering a value in the edit box and then left clicking the 

mouse on another value in the parameter list box. Data for all months must be input to generate a 

rainfall distribution. Generating a rainfall distribution using this dialog box differs fiom 

importing a data file from disk in that it uses only one year of rainfall data for inputs to the 

Precipitation Model. Importing (*.rfg) files allows the users to include up to 99 years of monthly 

rainfall data. 



The mean temperature need not be input when using the Generated Rainfall dialog box. 

These values will be calculated f i e  daily maximum and minimum temperature input using 

the Climatic/Boundaq Conditions dialog box. Press the Generate button after data for every 

month has been input This will run the Precipitation Model and generate a pseud~random 

rainfall distribution for the analysis period. 
_.I 

Thermal Properties Dialog Box 
- - .  

The Themal Properties dialog box accepts and displays thermal parameters that are required for 

the proper operation of the Integrated Climatic Model (Figure 4). 

Modifier of Overburden Pressure During Thaw: The modifier of overburden pressure during 

thaw has a small impact on the predicted fiost heave behavior in some cases. The overburden 

pressure of a soil profile effects the pore water pressure in the frozen zone. This in turn has an 

effect on the amount of heave during periods of thaw. The default value of 0.5 should be used 

unless the user has a thorough understanding of frost heave theory. If the value for the modifier 

of overburden pressure is equal to 1.0 all of the overburden pressure will be considered to be used 

in resisting heave and calculating the effective pore water pressure in a segment. A value of 0.0 

for the modifier of overburden pressure causes the overburden pressure to be ignored when 

calculating effective pore water pressure in a freezing segment. This variable is not required for 

other analyses performed by the IM. 

Emissivity Factor: This emissivity of the pavement depends on pavement composition, color, 

texture and temperature. The emissivity factor reduces the amount of long wavelength radiation 

emitted from the pavement surface. A surface that is a perfect black body radiator would have an 

emissivity of 1 .O. A reasonable emissivity value for a PCC pavement is 0.85. 

Surface short wave absorptivity: The surface short wave absorptivity of the pavement depends 

on pavement composition, color and texture. The short wave absorptivity directly correlates with 

the amount of available solar energy that is absorb by the pavement surface. Generally the lighter 

and more reflective the surface is, the lower the short wave absorptivity will be. The absorptivity 

of a surface is equal to one minus the surface's albedo. 



Light sands 0.40-0.70 
Sandy soil 0.70-0.88 
PCC pavement 0.70-0.90 
Weathered asphalt (gray) 0.80-0.90 
Fresh asphalt (black) 0.90-0.98 

Table 8. Short wave absorptivity of various surfaces. 

Figure 4. Thermal properties dialog box. 

Cloud Base Factor: The cloud base factor takes into account the general nature of the clouds for 

calculations involving percent sunshine. Low dense clouds are much more effective reflecting 

outgoing long wave radiation than are high thin clouds. The value for the cloud base factor 

ranges from 0.0 to 1.0. A value of 0.0 indicates that the clouds are completely ineffective in 

reflecting outgoing radiation. A value of 1.0 indicates that the clouds completely reflect outgoing 

radiation. 



A cloud base factor equal to 0.85 is reasonable for most cases in the eastern and central 

United States. This value represents stratus and cumulus clouds at altitudes of about 5000 feet. 

In regions where Cirro (high) or Alto (middle) cloud types dominate a lower value for the cloud 

base factor should be used. The Integrated Climatic Model does not allow the cloud base factor 

to change with time. If the user wishes to madel specific cloud conditions, separate short model 

runs will have to be made changing this variable for each run. 

- - 
Cii-ro or high clouds 

Alto or middle clouds 
Cumulus or white and puffy 

Stratus or layered 

Cirms 
Cirrocumulus 
Cirrostratus 
Altocumulus 
Altostratus 
Stratocumulus 
Stratus 
Cumulonimbus 
Nimbostratus 

Table 9. Cloud base factors of various cloud types. 

Maximum Convection Coefficient: The maximum convection coefficient sets an upper limit on 

the amount of heat that can leave the pavement during a time increment. The constraint on the 

maximum amount of heat loss during a run of the ICM is due to stabilityconsiderations. A 

reasonable value for the maximum convection coefficient is 3.0 BTU/@r)(sq.fi)("F). If short time 

increments are used (less than 0.1 hours), higher values of the maximum convection coefficient 

should not cause stability problems. Maximum convection coefficients greater than 10.0 

BTU/(hr)(sq.ft)("F) will usually cause stability problems. 

Coefficient of Variation Unsaturated Permeabilie: The coefficient of variation for unsaturated 

penneability is used in the calculation of the minimum and maximum frost heave predictions. 

This variable represents the uncertainty in the estimation of unsaturated permeability. The 

coefficient of variation (COV) is equal to the standard deviation for unsaturated permeability 

divided by the mean value for unsaturated permeability. The recommended default value of COV 

for unsaturated penneability is 1.0 (100%). This represents a moderate to high degree of 

uncertainty in the measurement/calculation of unsaturated permeability. Predictions for the 



minimum and maximum frost heave are highly sensitive to this variable. The smaller the value of 

COV, the smaller the difference between the minimum A d  maximum frost heaves. 

Time of Day When Minimum/Maximum Air Temperatures Occur: The ICM requires as 

input the daily minimum and maximum temperatures. This is done using the Climatic Conditions 

dialog box. This data along with the time of day when the minimum and maximum air 

temperatures occur is used to interpolate air temperatures for the rest of the day. The average time 

o f  day when the-minimum i d  maxim& temperatures occur is nit-constant throughout the year. 

Even within the same season, day to day fluctuations can be large. For long model runs where 

only pavement temperature trends are importanf using constant values for the time of day for the 

minimum and maximum temperatures is adequate. If the temperature behavior for a specific 

period is desired, many single day runs should be made. 

Limits Freezing Range: The freezing range limits are an -cial construct that the Integrated 

Climatic Model uses to model the freezing of the pavement layer. As the temperature approaches 

the freezing point of water (0 OC) the Integrated Climatic Model usesthe input values for the 

unfrozen thermal properties. While the temperature of the pavement layer is between the upper 

and lower ranges of the freezing limits, the ICM uses the freezing thermal properties. If the 

temperature is below the lower limits of the freezing range, the frozen thermal properties are 

used. The ICM suggests that a value.of 0 OC (32 OF) be used for the upper freezing limit and that 

a value of -1 OC (approximately 30°F) be used for the lower freezing limit. 

TTI Infiltration and Drainage Dialog Box 

The Infiltration and Drainage dialog box accepts and display parameters that are required for the 

Infiltration and Drainase component module of the Integrated Climatic Model (Figure 5) 

Linear length cracksljoints: The linear length of cracks and joints is used in conjunction with 

the total length of pavement for which a crack survey was completed to determine how much 

water can i

nfi

ltrate the pavement. The linear len,& of cracks and joints is the length of cracks 

and joints present in a surveyed length of pavement. The Integrated Climatic Model assumes an 

infilmtion rate depending upon the total amount of cracks and joints present depending upon 

.pavement type. A rate of 0.1 cubic feet per hour per foot len-@h of crack is assumed for 

bituminous concrete pavement. A rate of 0.03 cubic feet per hour per foot length of crack is 



assumed for portland cement concrete. If modeling pavements with large open cracks and joints 

these assumptions may be unconservative. The effect of this would be that the Integrated 

Climatic Model would under predict the amount of water flowing into the base course. This may 

be corrected by using a larger value for the linear length of cracks and joints. 

Total length surveyed for cracksljoints: The total length surveyed for cracks and joints is used 

along with the linear len,gh of cracks and joints to determine the amount of water available to 

flow into the basecourse. The total length surveyed is length of pavement for which craclu'joint 

data was measured. For example: Within a 500-foot stretch of pavement the linear length of the 

cracks and joints present are 450 feet. 

Total len,gth surveyed for cracksljoints = 500 feet 

Linear length cracks and joints = 450 feet. 

Figure 5. Infiltration and Drainage dialog box. 



Composition of base course: The ICM requires the following variables as input: the type and 

percentage of fines, the percentage of gravel, and the percentage of sand. All amounts are 

represented as a percentage of the total dry unit weight of the base course. The percentage 

amounts for fines, gravels, and sand should sum to 100%. 

For example, a base course with the following composition (Table 1 O), would be input as 

(2.5,70 .O, 27.5) with each value in its appropriate edit box 
-- - - - . . - - - - . . - -. 

Fines - 2.5% 

Gravel - 70% 

Sand - 27.5% 

Table 1 0. Base course fine components. 

The type of fines in the base course must also be selected. The Integrated Climatic 

Model allows for three types of fines; clays, silts and inert fillers. A determination of a fine as a 

clays or silts can be determined from the liquid limit and plasticity index of the material. Inert 

fillers are materials such as limestone rock flour or silica fines. 
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Figure 6. Type of base course fines. 

One side width of base: The Integrated Climatic Model requires the width of the pavement to 

correctly predict the drainage behavior of the design pavement. One-half the width of the 

pavement (including paved shoulders) should be used as the value for this input. The Infiltration 

and Drainage Model assumes that water will be able to drain fieely at the shoulder. Values input 

should either be in feet @dish) or meters (SI). 



Slope ratiolbase tangent value: The slope ratiobase tangent value is equal to the slope angle of 

the pavement (Figure 7). Calculate the base tangent value by taking the difference between the 

elevation of the base course at the crown of the pavement and the elevation of the base course at 

the pavement's edge. Divide this difference by the half width of the pavement. 

Base Tangent a = A h  / L 

Figure 7. Slope ratio and base tangent value. 

Internal boundary condition: The internal boundary condition determines how moisture may 

enter the subgrade. Ln many regions west of the Mississippi River and in the southern United 

States, highway subgrades are composed of fme grained, low permeability soils that remain 

unsaturated throughout the year. Infiltration of water through the pavement during or after a 

rainstorm will often produce free water in the base course and subbase. Thus an abrupt boundary 

between positive water pressure in the subbase and negative water pressure or suction in the 

subgrade exists at the subbase-subgrade interface. The gradient at this boundary equals the sum 

of the positive pressure in the subbase plus the suction in the subgrade. This is a flux condition. 

Water can enter the subgrade fiom the saturated subbase. 

For pavements in areas with relatively high water tables, the subgrade is often nearly 

saturated. Along with a well draining base course, these subgrades receive most of their water 

fiom suction induced by the proximity of the water table. This is the suction condition. 

When the pore water pressures in the base and the subgrade are close together, the flux 

boundary condition will perform similarly to the suction boundary condition. The farther apart 

the two pore water pressures are, the more the flux boundary condition controls the flow of water 

into the subgrade. The internal boundary condition used can have a signrficant impact on the 

pore pressure and moisture content piedictions. Since &e amount of water in the soil also 



influences the thermal behavior of the soil, the internal boundary condition also influences the & 
predicted frost behavior. The am, of water available in the soil has a significant impact on the 

amount of frost heave that is predicted. 

The actual moisture conditions in the pavement profile often are bracketed by model 

predictions made with the flux and suction boundary condition. The reason for this is that these 

boundary conditions represent the extremes in moisture flow. Rarely is the moisture content of 

the soil controlled only by the proximity of the water table or by the amount of water available in 

the base course. 

Evaluation Period: The evaluation period is the number of years before a certain level of storm 

should be expected to occur. This value is used in determining the probability of a wet or dry 

base course. The probability of a wet or dry base course is determined by first calculating the 

amount of water that is necessary to completely saturated the base course. Next the amount of 

precipitation that is required to provide that amount of water, given the cracks and joints that are 

present, is calculated. The probability that this amount of precipitation will occur, which is 

dependent upon the evaluation period, is used to calculate the probability of a wet or dry base 

course. 

Using a larger value for the evaluation period increases the amount of rainfall that could be 

expected to fall in any one storm. This in turn increases the probability of a wet base course. For 

a well designed base course with a high degree of drainage, this variable has little or no effect on 

the wetldry probability. For a poorly designed base course with low drainability, this variable 

will have only a small impact. The range for the evaluation period is 1-1 00 years, with a 10-year 

return period being reasonable. 

Constant K for intensity-duration-recurrence equation: 
Power of recurrence interval: 
Power of rainfall duration: 
Shape constant for rainfall intensity-period curve: 

The analysis of continuous rainfall, usually lasting for periods of less than a day, entail the 

abstraction of rainfall amounts over specified durations. Assessment of occurrences is made by 

intensity-duration-recurrence analysis. The above variables describe the intensity-duration- 

recurrence behavior of rainfall in specific locals. Users may calculate these variables using 



intensity-duration-frequency curves that can either be developed &om precipitation frequency 

analysis using local data or derived from standard pubIications such as HYDRO-35. 

R H Frederick, K A. Meyers, and E. P. Auciello, "Five to 60-minute precipitationfrequency for 
the eastern and central United States", NOAA Tech Mem. NTKS HYDRO-35, National Weather 
Service, NOAA, U.S. Department of Commerce, Washington D.C., 1977. 

Fi,we 8. Intensity-duration-frequency curve for Chicago IL. 

The foIIowing equation represents the abstractions of the curves shown above. 

R = amount of rainfall in inches 
t~ = effective &ration in minutes. 
t, = return period in years 
n = power of rainfall duration 
X = p m r  of recurrence interval 
K = Constant 
SF = Shape conant  

Constant K and shape constant The location of the curves up and down the precipitation 
intensity axis. It is also the mlue of intensityvhere band are unity. 

Power of recurrence interval: Spacing d the return period curves. This aponent is the dope of 
the lines resulting M e n  intens'ky is plotted againstthe r a m  period loganthrrically. 

Power of rainfall duration: The negative slope of the awes. This aponent is the dope of the 
lines resuhng when irtensity is plotted against the duration logarittndcally. For Integrated Model 
purposes assume a best-fit strait line instead d a cum. 



Suggested values of n, k, x and SF are 0.75,0.25,0.30 and 1.65 respectively. These values are 

appropriate for the eastern United States. These variables affect the probability of a wet or dry 

base course, though not to a great extent 

Addinp Lavers 

The Add Layer dialog box (Figure 9) inserts material layers to the ICM pavement file. 
- - .- -- - - . - - 

To &en the Add Layer dialog box select the ~ d d  ~ & r  1 ~dicco-Ad from the main ICM 

menu. To add a material layer, highlight in the list box the current layer below which the new 

layer will added. If no layers have yet been added, select Layer 0. To add a layer above all 

existing layers, also select Layer 0. Once the relative position of the layer has been selected, 

select the type of material to add to the pavement profile. The ICM will insert a single layer with 

default values in the pavement profile. A material layer dialog box for the selected material will 

appear allowing the user to edit the material parameters for the added layer. 

Figure 9. Add Layer dialog box. 



The Integrated Climatic Model then adds the layer and all of its nodes to the pavement 

profile. The Integated Climatic Model then recalculates the nodal depths for all nodes. After a 

layer is added, the user should check the Initial temperature and pore pressure profiles dialog box 

for accuracy. If the profiles were generated using a different depth profile the temperature and 

pore pressure profiles may now be incorrect. The ICM has the following restrictions on the type, 

number, and order that material layers may have. The Integrated Climatic Model will warn the 

user that these general rules have been violated before the Integrated Climatic Model will execute 

&e pavement profile. Four additiod material laye& have been a d d a t o  the ICM document 

shown in Figure 9. The Add Layer dialog box (Figure 9) shown here is adding an additional A-3 

material layer to the ICM document. For detailed information on the variables for individual 

material layers, see the subsection entitled Material Layers later in this chapter. 

Pavements: The top layer of the profile must either be a PCC or asphalt concrete'pavement. Soil 

materials may not be used for the top layer. One asphalt concrete layer may be included in a 

pavement profile. One PCC layer may also be included in a pavement profile. A pavement 

profile may have a PCC layer with an asphalt concrete overlay. 

Soils: The base course layer must have a greater value for saturated permeability than the layer 

immediately below it. 

Number of Layers: The maximum number of layers allowed in a pavement profile is 30. 

Number of Nodes: The maximum numbers of nodes 300. 

Removinz Lavers 

The Remove Layer dialog box (Figure 10) removes material layers fiom the Integrated 

Climatic Model document. To open the Remove Layer dialog box select the Remove Layer I Edit 

command fiom the main ICM menu. To remove a material layer, highlight the layer to be 

removed in the list box and select the OK button. Layers can also be removed by double clicking 

the right mouse button on the desired layer in the Remove Layer dialog box. The ICM then 

removes the layer and all of the nodes associated with it. The ICM then recalculates the nodal 

depths for all of the remaining nodes. After a layer is removed, the user should check the Initial 



temperature and pore pressure profiles dialog box for accuracy. Ifthe profiles were generated 

using a different depth profile the temperature and pore pressure profiles may now be incorrect. 

Figure 10. Remove layer dialog box. 

Material Properties 

The Integrated Climatic Model uses three types of materials when building pavement soil 

profiles, asphalt concrete, portland cement concrete, and soils. Asphalt concrete includes both 

asphalt concrete pavements and asphalt overlays. The PCC material layer is used to model all 

pavement materials in which stiffness does not vary with varying temperature. The soil material 

layers include all materials that are not pavement surface materials, including asphalt and 

concrete stabilized base courses. 

A significant difference between PCC and asphalt concrete material layers is the 

infiltration rate. An infiltration rate of 0.1 cubic feetlhr-ft is used for bituminous concrete 



pavement and a rate of 0.03 cubic f ee t . - f t  is used for PCC. To model pavements with other 

infiltration rates, vary the linear length cracks/joints @. 27). Increasing this value.increases the 

amount of water that flows into the base course. All material layers contain the following input 

parameters. 

Layer Description: This edit box is used to input a description of the pavement or soil material. 

This description is then displayed next to the material layer in the Model document (*.pav). A 

maximum of 80 characters is allowed for the description of each material layer. - 

Thickness of layer: This edit box is used to input the thickness of each material layer. A 

maximum thickness of 1000 units is allowed using either English or metric units. If a material 

layer exceeds 1000 units of measurement the user will be required to split it into two or more 

smaller layers with identical properties. Values for layer thickness also must be greater than zero. 

Number of elements this layer: This edit box is used to input the number of elements for this 

material layer. The minimum allowable number of elements is 1. The maximum number of 

elements allowed per layer is 100. Each element within a layer will have the same thickness. 

The element at the pavement surface should not be made very thin as this can lead to stability 

problems with the IM. An advantage to using a small element size is that the coarseness of the 

output data is reduced. A disadvantage to using a small element size is that it increases the time 

that is required for a complete run of the IM. Small elements also increase the size of the output 

files that are subsequently generated. 

Asphalt Material Properties 

The Asphalt Material Properties dialog box (Figure 11) is one of three material layer 

dialog boxes. Asphalt materials include both asphalt concrete pavements and asphalt concrete 

overlays. Only one asphalt layer is allowed in each Model document (*.pav). To model an 

asphalt overlay of an asphalt concrete pavement treat both layers as one layer equal to the 

combined thickness of both layers. Asphalt layers do not include asphalt stabilized base courses. 

Asphalt stabilized base courses are input using the Materials Properties dialog box. 

The Options selection of the Asphalt Material Properties dialog box menu allows the user 

to change the model defaults or to reset the active layer to the Integrated Climatic Model's current 



default value. The Options menu command of the Asphalt Material Propemes dialog box are 

similar to the Options I Set Default command on the Integrated Climatic Model's main menu. 

Figure 11. Asphalt Material Properties dialog box. 

Coarse aggregate content in asphalt: The coarse aggregate content is the volumetric proportion 

of aggregate in the asphalt mixture. This value is expressed in percent. Allowable values for the 

coarse aggregate content range between 0% - 100%. 

Air content asphalt layer: This edit box is used to input the air content of the asphalt layer. The 

air content of the asphalt layer is the ratio of the void volume to the total volume of the asphalt 

concrete. This ratio presented in percent is used to calculate the sti&ess of the asphalt concrete 

at various temperatures. Values for the air content of the asphalt must be greater than 0%. 



Gravimetric water content of asphalt layer: This edit box is used to input the gravimetric water 

content of the asphalt layer. The d e t r i c  water content is output for moisture content profile 

plots to complete the profile. The gravimetric water content should not exceed the air content 

percentage of the asphalt layer. 

Resilient modulus versus temperature: These edit boxes are used to input the *ess of the 

bitumen component of the asphalt concrete. The ICM interpolates between the given values for 

bitumen itifiesLdeperident upon the current temperature at the node, For values below the 

minimum temperature, the stiffness at the minimum temperature will be used. For values greater 

than the maximum temperature, the stiffness at the maximum temperature will be used. Care 

should be taken to ensure that the predicted asphalt concrete temperatures fall between the 

minimum and maximum temperatures of the bitumen stiffness curve. 

Thermal conductivity of asphalt: These edit boxes are used to input the thermal conductivity of 

the asphalt layer. Thermal conductivity K is the quantity of heat that flows normally across a 

surface of unit area per unit of time and per unit of temperature gradient normal to the surface. It 

is usually expressed in calories ~ansmitted per hour through one square centimeter of material 

one centimeter thick per degree centigrade between the two surfaces, or in British thermal units 

per hour through one square foot one foot thick per degree Fahrenheit between the two surfaces. 

Moisture content has an influence upon the thermal conductivity asphalt concrete. If the 

moisture content of the asphalt concrete is small, the differences between the unfrozen, freezing 

and fiozen thermal conductivity are small. Only when the moisture content is high (>lo%) does 

the thermal conductivity vary substantially. The Integrated Climatic Model does not 

automatically vary the thermal conductivity with varying moisture content of the asphalt layer as 

it does with the soil layers. Reasonable values for the thermal conductivity of asphalt range from 

6.5 to 12.0 ~al/(cm)(hr)(~C). For comparison the thermal conductivity of liquid water is 5.0 

caY(cm)(hr)("C) and the thermal conductivity of ice is 20.0 caY(cm)(hr)("C). 

Heat capacity of asphalt: The heat or thermal capacity of a substance is the actual amount of 

heat energy Q necessary to change the temperature of a unit mass of the substance by one degree. 

Reasonable values for the heat capacity of asphalt are between 0.22 and 0.40 Btu.(lbrF) with the 

low end of the range being more common. 



Total unit weight of asphalt: These edit boxes are used to input the total unit weight of the 

asphalt concrete. The unit weight of a material is the weight of a material divided by its volume. 

The unit weight of the asphalt layer is used to calculate the overburden pressure above the 

freezing zone. This overburden pressure is used for frost heave calculations. The differences 

between freezing, frozen and udiozen unit weights are minor. For most modeling purposes all 

three values can be set equal to one another. 

- .  - 
Portland Cement Concrete Materialsl'roperties 

- 

The Portland Cement Concrete Material Properties dialog box (Figure 12) is one of three 

material layer dialog boxes. PCC material layers do not include cement stabilized base courses. 

Cement stabilized base courses are input using the Materials Properties dialog box. Only one 

PCC pavement layer is allowed in each Model document (*.pav). The Options selection of the 

PCC Material Properties dialog box menu allows the user to change the model defaults or to reset 

the active layer to the Integrated Climatic Model's current default value. The Options menu 

selection command of the PCC Material Properties dialog box is similar to the Options I Set 

Default command on the Integrated Climatic Model's main menu. 

Thermal conductivity of PCC: This edit box is used to input the thermal conductivity of the 

PCC layer. Thermal conductivity K is the quantity of heat that flows normally across a surface of 

unit area per unit of time and per unit of temperature gradient normal to the surface. It is usually 

expressed in calories transmitted per hour through one square centimeter of material one 

centimeter thick per degree centigrade between the two surfaces, or in British thermal units per 

hour through one square foot one foot thick per degree Fahrenheit between the two surfaces. 

Reasonable values for the thermal conductivity of PCC range from 7.0 to 10.0 cal/(cm)(hr)('C). 

Heat capacity of PCC: The heat or thermal capacity of a substance is the actual amount of heat 

energy Q necessary to change the temperature of a unit mass of the substance by one degree. 

Reasonable values for the heat capacity of PCC are between 0.15 and 025 Btu/(lb)('F) with the 

low end of the range being more common. 

Total unit weight of PCC: This edit box is used to input the total unit weight of the PCC 

concrete. The unit weight of a material is the weight of a material divided by its volume. The 

unit weight of the PCC layer is used to calculate the overburden pressure above the freezing zone. 



This overburden pressure is used for h s t  heave calculations. A common value for the unit 

weight of PCC is 150 pcf. 

Resilient modulus of PCC: Another common term for the resilient modulus is stifhess. Unlike 

all other materials that the Integrated Climatic Model uses, the PCC resilient modulus does not 

change over the time. Asphalt material m e s s  is dependent upon temperature. The soil 

material resilient-modiilus isaependerifwon the m o i i i e  content and the current freezing state 

of the soil. The resilient modulus of PCC is included as an input to the Integrated Climatic Model 

so that complete resilient modulus profiles can be developed. A common range of values for 

PCC is from 3,000,000 psi to 3,500,000 psi. 

Poisson's ratio of PCC: The Poisson's ratio for PCC is not used for my calculations performed 

by the Integrated Climatic Model. It is included because some programs that use the Integrated 

Weather 3ztion:User Defined 
Climatic Re~on:Reion  I-A 

Fi,we 12. Portland Cement Concrete Material Properties dialog box. 
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Climatic Model output for their input require a value for the Poisson's ratio. For PCC a range of 

0.10 to 0.25 is commonly used for the Poisson's ratio. Values of Poisson's ratio greater than or 

equal to 0.5 should not be used. The input value for the Poisson's ratio for PCC is output along 

with other material data under View ( Output files using the main Integrated Climatic Model n EA menu. 

r -  

, Coefficient of expansion of PCC: The coefficient of expansion of PCC determines the amount 
- - -of curl strain that the Integrated Climatic Model will predia- Curl m i n  is caused by a 

temperature difference between the top and bottom of a PCC layer. Curl strain will only be 

calculated if there is a PCC layer in the model document. Curl stain is calculated by subtracting 

the current temperature of the bottom node of the PCC layer from temperature of the top node 

and multiplying this difference by the coefficient of expansion. A common value for the 

coefficient of expansion of PCC is 6.0e-6 (11°F). 

Materials Properties dialog box 

Use the Material Properties dialog box (Figure 13) to input/edit the soil parameters for 

layers that are added to a Model document. The Material Properties dialog box is used to 

inputledit soil material layers, including stabilized soils. Soils classified as A-4 to A-7 require 

two additional parameters to be input, recovery period and reduction of resilient modulus due to 

thawing. The Options selection of the Material Properties dialog box menu allows the user to 

change the model defaults or to reset the active layer to the Integrated Climatic Model's current 

default value. 

The Options menu selection command of the Material Properties dialog box are similar to 

the Options ( Set Default command on the Integrated Climatic Model's main menu. Below is a 

table of the default settings of the Integrated CIimatic Model. These are the values that the 

material layers are set to if the Restore Initial menu option is chosen. 

Porosity: Porosity is the standard soil mechanic index property to quantify the denseness or 

looseness of a soil. Porosity is the ratio of the volume of voids (V,) in a soil sample with the total 

volume (V) of a soil sample. For additional porosity values see the subsection entitled Gardner's 

moisture content function. 



Unified Class 
Porosity 
Dry unit weight (lblft3) 
Sat. Permeability (ftlhr) 
Thermal K (Btulft-hr-OF) 

- .Heat capacity (Btullb-OF.)- 
Volume compressibility 
AWL 
XWL 
AKL 
XKL 
Unfrozen Modulus (psi) 
Frozen Modulus (psi) 
Poisson's Ratio 
Length recovery period 
Modulus reduction 
NA = Not applicable 

Stab. A-1 A-2 A3 A4 A5 A6 

none 
0.2 
125 
0.1 
0.5 

-0.25 - -  

0.1 
0.5 
0.3 
1 e-2 
2.0 
2e5 
4e5 
0.25 
NA 
NA 

Table 1 1. Default Material Layer Properties. 

Description 

Uniform sand, loose 

Uniform sand, dense 

Mixed-grained sand, loose 

Mixed-grained sand, dense 

Windblown silt (loess) 

Glacial till, very mixed grain 

Soft glacial clay 

Stiff glacial clay 

Porosity 

(n) 

0.46 

0.34 

0.40 

0.30 

0.50 

0.20 

0.55 

0.37 

Unit Weight 

Table 12. Porosity and Unit Weight of Typical Soils in Natural States. 



Figure 13. Material Properties dialog box. 

Saturated Permeability: Saturated permeability, k, is a measure of the amount of water that can 

flow through a material. The saturated permeability of the base course and subgrade materials is 

important in many of the analyses that the Integrated Climatic Model performs. 

Dry unit weight: The standard soil mechanic index property to quantlfy the dry weight of the soil 

per unit volume. 

Dry Thermal Conductivity: Thermal conductivity K is the quantity of heat that flows normally 

across a surface of unit area per unit of time and per unit of temperature gradient normal to the 

surface. It is usually expressed in calories transmitted per hour through one square centimeter of 

material one centimeter thick per degree centigrade between the two surfaces, or in British 



thermal units per hour through one square foot one foot thick per degree Fahrenheit between the 

two surfaces. Soil moisture content has a great influence upon the thermal conductivity of soils. 

The Integrated Climatic Model automatically adjusts the thermal conductivity according to the 

current moisture content of the soil. If thermal conductivity data is unavailable for a soil, use the 

following chart (Figure 14) to approximate a value for thermal conductivity. Use the curve w = 0 

(dry) along with the soil porosity to determine an appropriate value for dry thermal conductivity. 

-- -- - - - .  

Saturated Permeability in Typical Soils 

k Drainage Soil Type 

Clean gravels 

Clean sands 

Good Mean s a n d  and 
Good Gravel rncctures 

1P Good 
~ e 4 f i n e  sands 

Impervious soils, for example 
homogeneous days below 

10-8 the zone of weathering. 

1 o5 
1P 

Table 13. Saturated Permeability in Typical Soils. 

Description Porosity Unit Weight 

Poor 
Poor - 

(n) glcmA3 lblftA3 

Uniform sand, loose 0.46 1.43 90 

organic and inorganic 
silts, W e s  of sand silt 
and day, glacial till. 

Uniform sand, dense 0.34 1.75 109 

Mixed-gained sand, loose 0.40 1.59 99 

Mixed-grained sand, dense 0.30 1.86 116 

Windblown silt (loess) 0.50 1.36 85 

Glacial till, very mixed grain 0.20 2.12 132 

Soft glacial clay 0.55 1.22 76 

Stiff glacial clay 0.37 1.70 106 

Table 14. Porosity and Unit Weight of Tpical Soils in Natural States. 
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Dry Heat Capacity: The heat or thermal capacity. of a substance is the actual amount of heat 

energy Q necessary to change the d e r a t u r e  of a unit mass of the substance by one degree. As 

. . .. - with thermal conductivity the quantity of water in a soil mass has a large impact on the heat 

capacity. The Integrated Climatic Model automatically adjusts the heat capacity according to the 

current moisture content of the soil. 

r - 
i I 
: !  . . 
. . 

Coefficient of volume compressibility: The coefficient of volume compressibility is used in part 
. . . - - . . - . 

t o d ~ & % i n e  th=teY content 5f a soilliyei when the soil Gadner fun6ti6nYiare unable to 
. ... 
. . ., . - ..,. . .. .- . ., . . properly calculate the moisture content. A value of 1.0 for the coefficient of volume - .. - 

compressibility is reasonable. 

Porosity n, Ye 

Figure 14. Thermal Conductivity versus porosity. 



Description Heat Capacitv 

Sands 

Quartz sand 

Kaolin 

Mica 

- . Sandstone 

Limestone 

Asphalt cement 

PCC 

Table 15. Typical values for dry heat capacity. 

Gardner's functions: The unfrozen unsaturated water content is related to the negative pore 

water pressure by the Gardener function as the "soil-water characteristic" curve. 

& = unsatmted water mrtent 
& a = condants of the miLwdta characieristit a w e  
n = porosrty of then soil 
lhl =the absolute d u e  of the negative pore water pressure 

expressed in centimeters of water head. 

The unsaturated permeability of =.Is is also represented bj a Gardner function. 

k = umtu&d permeability 
k, = saturated permability 
&, b = anstants which represent the permeability 

versus s~ction relationship for a ail 
Ihl =the absolute value of the negative pore water pressure 

expres& in centimeters of water head. 
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. . The U.S. Army C W L  Report tabulates values of the variables; n, A,, Ah a, b, k. For 

summaries of these values see the tables Gardner's moisture content function (Table 16) and 

Gardner's unsaturated permeability function (Table 17a and 17b). The value of the multiplier of 

pore pressure for Gardner's unsaturated permeability function (AKL) varies, according to the list r; 
u of soils included in the CRREL User's Guide, from a low of 1 x 10e6 to a high of about 1.0. The 

T - effect of AKL on the predicted frost penetration is relatively small. The effect of AKL on 

predicted frost heave is large with no frost heave being predicted when the value of AKL is 
-- - - greater than x70e -,---- -- - - -- -- - . - -- -- 

The value of the pore pressure exponent for Gardner's unsaturated permeability (XIZ), 

according to the soil list in the C W L  User's Guide, ranges from a low of 0.0 to greater than 5.0. 

The effect of XKL is greater on the predicted frost penetration than it is on the predicted frost 

heave. The larger the value of the XIC input, the shallower the predicted frost penetration. The 

coefficients of Gardner's function for volumetric water content also have significant impact on 

predicted frost behavior. The pore pressure multiplier for Gardner's function for volumetric water 

content (AWL) has a relatively small effect on predicted frost penetration, while having large 

effects on predicted frost heave. The predicted frost heave is the greatest when the value of AWL 

is toward the middle of its range. The value of the pore pressure exponent for Gardner's function 

of volumetric water content (XWL) has the smallest effect on predicted frost behavior. Predicted 

values of frost penetration change only slightly with varying values of XWL, while the predicted 

value of frost heave does not vary at all. 

Resilient modulus frozen/unfrozen: These edit boxes are used to input the resilient modulus of 

the unfrozen and frozen material layers. Another common term for the resilient modulus is 

stiffness. The Integrated Climatic Model assigns a resilient modulus to the nodes in the model 

depending upon the nodal temperature. The resilient modulus for soils can be reduced during 

thaw using the factor of resilient modulus reduction due to thawing input variable. The Integrated 

Climatic Model requires the input of both frozen and unfrozen resilient moduli. Values for the 

frozen resilient modulus can be ten times greater than the unfrozen modulus. The Integrated 

Climatic Model does not use the resilient modulus calculations for any other analysis. 



Ks = Unsaturated Permeability 
AKL = Gardner's Unsaturated permeability Function Multiplier 
XXL = Gardner's Unsaturated Permeability Function Exponent 

No. U d e d  Ks AKL IML 
Soil 
Class (-1 

GM-GCL GM-GC 0.005 0.00281 1.344 

MLll 
ML12 
MLl 3 
ML14 
ML15 
ML16 
ML17 
ML18 

Table 16. Gardner's unsaturated permeability function constants. 



e = Void ratio . 

n = Porosity 
AWL = Gardner's moisture content function multiplier. 
XWL = Gardner's moisture content function exponent 

Unified Soil 
No. Class e n AWL XWL 

GM-GCL GM-GC 0.420 0.296 0.004 0.637 
GM1 GM 0.259 0.206 0.152 0.269 
GM2 GM 0.382 0.276 0.040 0.648 

- G M 3  --GM - 0.451 0.311 0.066- 4.251- 
GM4 GM 0.608 0.378 0.043 0.478 

SM-SC1 SM-SC 0.656 0.396 0.013 0.770 

SM1 
SM2 
SM3 
SM4 
SM5 
SM6 
SM7 
SM8 
SM9 
SMlO 
S M l l  
SM12 

SP-SM1 SP-SM 0.574 0.365 0.048 0.769 
SP-SM2 SP-SM 0.583 0.368 0.095 0.613 

SW-SP1 SW-SP 0.773 0.296 0.012 1.082 

Table 17a. Gardner's moisture content function constants. 



No. 
C L6 
CL7 
CL8 
CL9 
CLlO 
C L l l  
CL12 

ML-CL1 
M L-C L2 
ML-CL3 

Unified Soil 
Class e 
CL 0.964 
CL 0.808 
CL 0.972 
CL 0.562 
CL 0.517 
CL 0.415 
CL 0.972 

ML-OL 1.721 
.. ML-OL 0.885.. 

ML-CL 0.692 
ML-CL 0.642 
ML-CL 0.645 

AWL XWL 
0.000 1.910 
0.000 1.593 
0.028 0.344 
6.9E-06 1.551 
0.024 0.359 
0.064 0.247 
0.004 0.474 

Table 17b. Gardner's moisture content function constants 

Material Unit Weight 

@cf) 

Crushed Limestone 140 

Gravel 130 

Sand clay 125 

Compacted plastic clay 120 

Loose sand 110 

Soft plastic clay 90 

Resilient Modulus 

@si> 

200,000 

60,000 

30,000 

15,000 

8,000 

4,000 

Resilient Modulus 

@g/cmA2'2) 

14,060 

4,218 

2109 

1054 

5 62 

28 1 

Table 18. Unit weight and resilient modulus of typical soils. 

Poisson's Ratio frozenlunfrozen: The Poisson's ratio for fiozenlunfrozen soils is not used for 

any calculations performed by the Integrated Climatic Model. It is included because some 



programs that use the Integrated CIimatic Model output for their input require a value for the 

Poisson's ratio. For base course and subgrade materials, Poisson's ratios range from 0.10 for 

rock, 0.25 for sands and to 0.35 for plastic clays. Values of Poisson's ratio greater than or equal 

to 0.5 should not be used. 

Length of recovery period: The length of the recovery period controls the amount of time that 

the modulus is reduced for thawing soils. After freezing and then thawing some fine grab 

subgrade materials weaken: For-A-4 to A=7 soils the-Integrated.-Climatic Model requires the user 

to input the length of time it will take the material to regain its full strength. On the first day after 

a soil node has thawed, that node will experience the full effect of the reduction in modulus. For 

each subsequent day the materia1 will regain a percentage of its lost strength equal to to inverse of 

the recovery period. This variable affects the predicted modulus of the subgrade layers. Sixty 

days is a common length for the recovery period. 

Factor of resilient modulus reduction due to thawing: The factor of resilient modulus 

reduction due to thawing works in combination with the length of recovery period to model 

stiffness behavior. After freezing and during thaw some fine grain (A4 to A-7) subgrade 

materials weaken. Allowable values for the factor of resilient modulus reduction due to thawing 

range between 0 and 100. This variable is the percent reduction in soil modulus after a soil 

node's temperature climbs above the freezing point of water. The Integrated Climatic Model 

default value for the factor of resilient modulus reduction due to thawing is 20. 

Initial temperature and pore pressure urofile 

Use the Initial Temperature and Pore Pressure Profile dialog box (Figure 15) to inputledit the 

initial profiles of both temperature and pore pressure. This dialog box displays the depth and 

description of each node, node number, whether output is generated for the node, temperature and 

pore pressure. The user with this dialog box cannot edit the node number and depth. To change 

the number and depth of the nodes use the appropriate Layer Material dialog box. This dialog 

box can edit the following input parameters, output node, initial temperature profile, initial pore 

pressure. The menu commands allow the users to quickly editfinput the initial temperature and 

pore pressure profiles. 



Figure 15. Initial temperature and pore pressure profiles dialog box. 

To edit initial profile data the user must inputledit the values in the parameter edit boxes 

above the large list box. Use the carriage return to enter the data and move the input focus to the 

next data item. Data may also be input into the parameter list box by entering a value in the edit 

box and then left clicking the mouse on another value in the parameter list box. Data items may 

be left temporarily blank, though they will need to be inputlgenerated before the Integrated 

Climatic Model will execute. Interpolating between the given input data using the Generate 

menu command can later generate values for missing data. 

Output -Initial Profiles: Use this portion of the Initial Profiles dialog box to deternine for which 

nodes the Integrated Climatic Model will generate output. A direct correlation exists between the 

number of nodes for which data is to be output and the size of the output file. Reducing the 

number of nodes does not affect the quality of the Integrated Climatic Model computations. To 

select a node for output, select the desired node number in the large list box. The initial settings 



for that node should appear in the edit boxes across the top of the list box. To change the output 

status of the node left click on the selection box labeled output. If a 'X' appears in the box output 

data will be generated for that node. To select all nodes select Generate ( Output Nodes ( All 

Nodes from the dialog box menu. To select only nodes at layer interfaces select Generate 1 
Output Nodes I Layer Interface. To clear all nodes select Clear ( Output Nodes. A minimum of 

one node must be output for the Integrated Climatic Model to work properly. 

1 n i a  ~ ~ m ~ e = i ~ r & . l ~ U ~  &is portion of the Initial FGfiles dialog 6ox to  set 6 e  initial 

temperature profile for the Model document. An initial temperature must be given for each node. 

If the initial temperature profile is not lcnown it is recommended that the temperature at the top 

node should be set equal to the average monthly temperature for the first month of the time period 

under consideration. The temperature at the bottom node should be set equal to the constant deep 

ground temperature. To clear the initial temperature profile select Clear ( Temperature. The 

Generate I Temperature menu command will fill in missing temperature values by linearly 

interpolating between previously input values. 

Initial Pore Pressure Profde: Use this portion of the Initial Profiles dialog box to set the initial 

pore pressure profile for the Model document. An initial pore pressure must be given for each 

node. The initial pore pressure is equal to zero at the position of the water table. Ifthe water table 

is higher than the bottom node of the soil profile, a positive value for pore pressure should be 

used for the pore pressure profile at these nodes (calculate using the hydrostatic pressure). If the 

water table is beneath the node the user should input the current suction at that node which can be 

calculated by using a negative hydrostatic pressure. The pore pressure of the pavement nodes 

should also be set to zero. Only one non-pavement node should have its pore pressures set to 

zero. This represents the current water table. To clear the initial pore pressure profile select Clear 

I Pore Pressure. The Generate I Pore Pressure I Interpolate menu command will fill in missing 

pore pressure values by linearly interpolating between previously input values. 

Generate (Initial profde menu): Use this command to generate the initial profile data of the 

type selected. The Output Nodes command from the Generate menu of the Initial temperature 

and pore pressure profiles dialog box, can mark nodes for output in one of two ways. Select the 

Layer Interfaces command to mark only those nodes that lie on the interface between separate 

material layers. Select the All Nodes command to mark every node in the Integrated C b a t i c  

Model pavement file for output. 



The Temperature command, from the ~ e n e i a t e  menu, creates a initial temperature profile - 
by interpolating between input values. When interpolating an initial temperature profile with 

only one temperature value input, that temperature value will be set for the entire profile. If the 

top and bottom nodes of the profile are left blank the values for these nodes will be set equal to 

the value of the nearest node whose input value is not blank. If no values for initial temperature 

profile are input, the initial temperature profile will be set equal to 50°F or to 1 O°C. The 

interpolation routine will never overwrite a value input be the user. 
- . . . - . . - . - . . . . - . - . - . -. . . . . . . . . - .. . . . . . . . . .. . 

The Pore Pressure command, from the Generate menu, has two sub-commands. The 

Interpolate command behaves the same as the Temperature command, by interpolating between 

input values. The Pore Pressure Generate command uses the relationship between soil type, 

Thorthwaite Moisture Index distribution in the United States (Figure 17), and relative climatic 

wetness to develop an initial pore pressure distribution. Care should be taken when using this 

function as some input value combinations produce unrealistic results. It is recommended that 

the user should not vary the amplitude of Pf (default 1.5) unless they have a fm understanding 

of the theory behind this algorithm (Figure 18). 

Runnine the Integrated Climatic Model 

Use the Run I File command from the main ICM menu to run the active Model document 

(Figure 19). This command will save the active Model document under its current name. The 

Inte,grated Climatic Model then checks the input Model file (*.pav) for completeness. If any 

required parameters are missing the Integrated Climatic Model will inform the user and abort the 

run. If all required parameters are present, the Integrated Climatic Model will run the Model 

document. A dialog box with the file name, description, weather station and climatic region is 

shown. This dialog box contains a status bar showing the number of days the current run of the 

Integrated Climatic Model has before it completes calculations for the design period. 

Due to the large computational requirements of the IM, only one Model document can be 

processed at a time. While the ICM is running, the user is unable to edit other Model documents. 

User may still use other Window programs while the ICM is executing. It is suggested that 

multiple copies of the Integrated Climatic Model not be run at the same time on a single 

computer. 



Figure 16. Thorthwaite Moisture Index. 

Thonmatte Molstun Index 

Figure 17. Thorthwaite Moisture Index vs. Moisture soil suction. 



Weather Station:User Defined 
Climatic Reg ideg ion  I-A 

Fi,aure 18. Running the Integrated Climatic Model. 



INTEGRATED 

Overview 

CLlMATIC MODEL OUTPUT 

r- The usefulness of a computerprogram in pavement design and modeling is not entirely 
! .  
: ! dependent upon the accuracy of its predictions. The ability of an engineer to effectively use the 

--- -. - -- - - 
data th2  is ou@ttfi-maa ~ p i t e ~ m 6 d i l i s G l i o  &ip&%iX-Thii&tegrated Climatic Model 

... 

.. . . . - . ;:. . ... allows the user to create and manipulate output files in a myriad of ways. This allows the 

engineer to extract the information needed to answer specific design questions in useful forms. 

1; - 
The general principal behind the Viewing Output Files dialog box is that the user should 

select a choice or range of choices listed in the list boxes of the View Output Files dialog box. 
. . 

(Figure 19). By using, the list boxes in the Viewing output files dialog box the user can generate 
- 

-- 

Fi,we 19.View Output Files dialog box 



a wide variety of output files. When the Integrated Climatic Model is executed using the File I 
Run command on the main menu a number of raw data files are created. These raw data files are 

in forms that are not easily utilized by the user. These files contain pavement data for every 

output increment spanning the analysis period and lack labeling that would allow them to be 

directly used. Through use of the Viewing output files dialog box the user e w t s  subsets of the 

large raw data files. When generating output files, the ICM attaches titles and labels to the 

subsets of data emc ted  from the raw data files. The ICM also uses a format for output data that 
. -  - - - -- - .. - . - - - - -- - 

allows this data to be directly imported into spreadsheet applications such as M i c r ~ s o f ~ s  Excel@ 

or IBM's Lotus 123@. The ICM can also create plots of output data The user can easily 

manipulate the output data plots that the ICM generates. The plot titles, legends, and scaling are 

all controlled by the user. 

View Output Files 

To create and view output files generated by the Integrated Model the user must select 

Output Files command of the View menu. The Viewing Output Files dialog box allows the user 

to create and manipulate output files in a myriad of ways. The general principal behind the 

Viewing Output Files dialog box is that the user should select a choice or a choice range from 

each of the Viewing output files list boxes. For detailed instructions on the use of these list boxes 

in the generation of output files see the subsection of this chapter entitled~aramcter Selection. 

Graphing and table options are described in detail in the subsection entitled GrapMable options. 

A short description of the Viewing output files dialog box buttons is included here to aid the user 

in generating output files. 

GraphITable: Selecting this option creates a plot of the selected output data To control the plot 

appearance select Options in the View Output Files dialog box. The control parameters of the 

Graphinflabular Option dialog box are the default values that are used when generating a plot. 

The user can later change these parameters on a plot by plot basis. 

Tables Only: Selecting this option of the View Output Files dialog box generates only tables of 

the selected data. Once a table is created, the Integrated Model is unable to generate a plot from 

that output file. To generate a plot the user will need to select the desired output parameters 

again and chose the GrapMables option. For each table that is generated, a file with a default 

name will also be created. This file is stored in the same directory as the raw output data The 



default file name will be the same as the associated Model document file with the current default 

file number appended to it. The f&nsion attached to these files are (*.txt). Clicking the 

Options button of the Viewing Output Files dialog box allows the user to change the current 

default file number. 

i 4  

r-y 
Quit: Close the View Output dialog box. It is necessary to close this dialog box in order to 

interact with the plots. 

. . 
. -.. ..... . . ... . - .  
t;; 

Options: Allows the user to set the defaults that control the creation of Integrated Model output 

plots and tables. 
P 1  i 5 . . , :. 
d 

<< Add: Adds selected output parameters to the Tables to be generated list box. 
e7 
i ;  
1 :. 

Delete >>: Removes yet to be created tables from the Tables to be generated list box. 

-. . . 

View Tables: Opens a Windows Explorer box displaying the output directory of the current 
. . 

model. The user may select any of the files in the directory to view. Each table in the directory 
L has a default name created by the Integrated Model. These files are stored in the same directory 

: C 
; .. 
L ., 

as the raw output data. The default file name will be the same as the associated Model document 
I ?  if file with the current default file number appended to it. The file type will be (*.kt). Files the 

R user selects are opened with the default text viewer. 
r ::I . ... -.- 

The directory for each Model document contains the raw output data that the ICM 

- generates. The files generated are as follows: Temperature (*.tern), Resilient Modulus (*.mod), 

Pore Pressure (*.par), Water Content (*.wat), Thermal (*.thm), MinfMax Thennal (*.crl), and 

Drainage (*.dm). These files are used by the Integrated Model to create user specified output 

files containing subsets of the raw data. The user should not mod18 these files. Modifying the 
[\; 
r:-: . .. raw data files may cause errors when creating user specified output files. 
. :  

Parameter selection and ~rapWtable creation 

To generate a table or a plot, the user must select one or m&e choices from the list boxes 

that are shown. Lf the user wishes to generate more than one table/plot at a time, click the Add 

button to add desired data to the Tables to be Generated list box. After selecting values from the 



available list boxes, click on either the Compile GraphtTables button or the Compile Tables Only 

button. To delete a table fiom the Tables to be generated list box, hizhlight the table to be 

deleted and press the Delete button in the dialog box. 

To generate a single tablelplof the user can select the appropriate parameters and select 

either the Compile GrapWTables button or the Compile Tables Only button without clicking the 

Add button first. For more infomation on the definitions and use of the list boxes see the 
.- - .. - . . - 

foll6iwing subEctiCxnT,-OoitpUt Type, Par-meters, NodeDepth,DaWime. 

Output Type (sinele selection) 

The Output Type list box controls the structure of the output file that is generated. Only 

one type of output may be chosen at a time. The user is not allowed to mix output types 

(example: chose Nodal and Profile output types). The following output types are available: 

Nodal: Output data at a specific node over a period. All available nodes, s d  in Initial Profiles 

dialog box, can be output. Up to six nodes may be plotted on a single graph. Up to 300 nodes 

can be placed in a table. For nodal output, a parameter, a number of nodes and the date for which 

the data is to be output is required. If a single date is highlighted all the data for the selected 

nodes will be output for the entire day. If more than one day is highlighted, the Integrated Model 

will create a table containing data fiom the earliest date highlighted till the latest day highlighted. 

If a month is higtdighted, data for the entire month will be output. If a year is highhghted, data 

for the entire year will be output. 

Profile: Outputs data for all nodes at a specific time. The NodeDepth list box wiIl not be present 

if a Profile type is selected. For each individual DatefTime selected a profile will be generated. 

If only the day is selected and not an individual time, the time of day for output will be that 

chosen under Options button in the Viewing Output dialog box If only the month is selected and 

not an individual date, the date and time for output will be that chosen under Options button in 

the Viewing Output dialog box. 

Thermal Gradient: Outputs thermal gradient data over a period. The thermal gradient output 

varies depending upon the pavement profile. For a single pavement layer consisting of AC or 



PCC materials, the thermal gradient refers to the temperature differential between the top and 

bottom of the pavement divided by the pavement's thickness. For a PCC pavement with an 

asphalt overlay the thermal gradient is defined as the temperature differential between the top and 

bottom of the PCC layer divided by the thickness of the PCC Layer. Selecting Time period in 

the Parameters list box outputs continuous thermal gradient data Selecting 

Maximnm/Minimum in the Parameters list box outputs only the maximum and minimum 

thermal gradients for each day in the period. 
- . - . . - - - - - - - -- - - - - --  - . - - -  . 

Curl Strain: Outputs curl strain data over a period. Curl strain data is directly related to thermal 

gradient values using the Coefficient of Expansion for PCC variable. Curl strain data is only 

available for pavements containing a PCC layer. Selecting Time period in the Parameters list box 

outputs continuous curl strain data. Selecting Maximum/Minimum in the Parameters list box 

outputs only the maximum and minimum curl strain value for each day in the period. 

Frost: Outputs frost data over a period. Frost penetration data includes freeze and thaw depths 

for the pavement profile. 

Inputs: Allows the user to create output files containing all or some of the data input for a 

specific model. 

Drainage: Creates an output file containing the data generated by the Infiltration and Drainage 

module. 

Parameters (multiple selections) 

The Parameters list box controls the type of data that output file contains. Several parameters 

may be chosen at one time. The Integrated Model generates a separate graphitable for each 

parameter selected. The following parameters are available: 

Temperature: The temperature at a given node at a given time. This selection is available under 

both the profile and nodal output types. Units for the temperature are O F  (English) or "C (metric). 



Water Content: The water content at a given node at a given time. This selection is available 

under both the profile and nodal output types. Output is the percent water content in decimal 

form. 0.50 is equal to 50% water content. 

Pore Pressure: The pore pressure at a given node at a given time. This selection is available 

under both the profile and nodal output types. Units for the pore pressure are lb/in2 (English) or 

kg/cm2 (metric). 
- - - - - - - - - - . . - - - - - - 

Resilient Modulus: The resilient modulus at a given node at a given time. This selection is 

available under both the profile and nodal output types. Units for the resilient modulus are lb/in2 

(English) or kg/cm2 (metric). 

Maximum/Minimum: Create output file that contains daily maximum and minimum values over 

the selected time period as well as the time of day that they occur. Available for the thermal 

gradient and curl strain output types. Units for thermal gradient are ("Flin English) and ("C/cm 

metric). 

Time Period: Create output file that contains all of the values over the selected period. Available 

for the thermal gradient and curl strain output types. 

Heave: Create output file that contains the amount of fiost heave over the selected period. 

Available for the frost output type. This parameter includes the maximum, mean and minimum 

predicted frost heave in the output file. All ffost heave values are positive. The Integrated Model 

does not allow frost settlement. Units for fiost heave are inches (English) and centimeters 

(metric). 

Penetration: Create output file that contains the fiost and thaw depth over the selected period. 

Available for the frost output type. A thaw depth equal to the depth of the model indicates that 

the soil is completely thawed. Units for frost penetration are inches (English) and centimeters 

(metric). 

Both: Create output file that contains both heave and penetration. 

Model: Outputs model control variables. Available for input output type. 



Climatic: Temperature, wind speed, percent sunshine, and rainfall data inputs. Available for 

.- , input output type. 

FJ Infiltration: Outputs infiltration and drainage variables. Available for input output type. 

5 
r . r  
. . .  Thermal: Outputs thermal variables. Available for input output type. 

- 

.... :-. . . Layer: Outputs input variables for all material layers. Available for input output type. 
L 

Profile: Outputs initial temperature and pore pressure profiles. Available for input output type. 

rj All: Outputs all input data for the Integrated Model. Available for input output type. 
I 3  

- NodeDepth (multiple selection) 

The Node/Depth list box controls the nodes that are displayed using the Nodal output 

type. All nodes that are available, set in the Initial Profiles dialog box, can be output. Up to six 

nodes may be plotted on a single graph. Up to 300 nodes can be placed in a table. 

The user can select multiple nodes in several ways. To select continuous nodes the user 

should press the shift key while selecting the desired nodes. The highlighted range is included in 

the plot/table. The user may also press the control key and then select various nodes (continuous 

and non-continuous). Nodes in the list box will continue to be highlighted as long as the control 

key is depressed. 

Time (multiple selection) 

The DatelTime list box controls the day(s) that data is output. hput in this list box is 

required for several output types. The user can expand and contract the values in the DatelTime 

list box by clicking on the value. A value preceded by (+) can be expanded and a value preceded 

by a (-) can be contracted. The longest period that is selectable is a year. The shortest is a 

hour/minute. A dateltime value is available for every output time increment within the analysis 

period. Selecting the various datehime values have a different effect depending upon the output 



type selected. A date time preceded by a (-) can not be chosen for an input value. Contract the 

date in question, then highlight the value to include the value within a range. The user may 

change the Output time increment in the Integrated Model initialization. 

Nodal: If a single date is highlighted a11 the data for the selected nodes will be output for the 

entire day. If more than one day is highlighted, the Jntegrated Model will create a table 

containing data fiom the earliest date highlighted till the latest day highlighted. If a month is 
- -- 

highlighted, datafor theentire month will be output. If a year is K&lighted, dati for the entire 

year will be output. 

If a single datehime is chosen, data for that dateltirne will be output. If a fully expanded 

dateltirne is used for the start or end of a period, the Integrated Model will treat the input value as 

date input, ignoring the hour. If only months are highlighted the output period will extend from 

the frst  day of the first highlighted month till the last day of the last highlighted month (example: 

March - May,yields March 1 to May 3 1). If the analysis period starts midway through a month, 

and a month is selected dates h m  the start of the analysis period to the end of the month are 

output. (Example: The analysis period starts on January 15 and extends for 90 days. If (+Jan) is 

selected the days January 15 to January 3 1 is output.) 

Profile: Outputs data for all nodes at a specific time. For each individual dateltime selected a 

profile will be generated. If only the day is selected and not an individual time, the time of day 

for output will be that chosen under Options button in the Viewing Output dialog box. If only the 

month is selected and not an individual date, the date and time for output will be that chosen 

under Options button in the Viewing Output dialog box. If several datettimes are selected, 

profiles for each of them will appear in the same pph/table. A maximum of six datdtime values 

can appear on a single p p h .  

Thermal Gradient: If a single date is selected the thermal gradient for that day is output. If 

more than one day is hi~hlighted, the Integrated Model will create a table containing data from 

the earliest date highlighted until the latest day highlighted. I fa  month is highlighted, data for the 

entire month will be output. If a year is highlighted, data for the entire year will be output. 

Curl Strain: If a single date is selected the curl strain for that day is output. If more than one day 

is highlighted, the Inte-gated Model will create a table containing data fiom the earliest date 



.. - 

highlighted to the latest day highlighted. If a month is highlighted, data for the entire month will 

be output. If a year is highlighted, data for the entire year will be output. 

Frost: If a single date is selected the frost data that day is output. Lf more than one day is 

highlighted, the Integrated Model will create a table containing data from the earliest date 

highlighted to the latest day highlighted. If a month is highlighted, data for the entire month will 

be output. If a year is highlighted, data for the entire year will be output. 
... ~ 

The user can select multiple datdtimes in several ways. To select continuous nodes the 

user should press the shift key while selecting the desired date/times. The highlighted range is 

included in the plotftable. The user may also press the conpol key and then select various 

date/times (continuous and non-continuous). Date/times in the list box will continue to be 

highlighted as long as the conml key is depressed. 

Graphingmabular Options 

The Graphinflabular Options dialog box (Figure 20) controls the default structure of 

ICM tables and plots. The ICM displays only data that falls within the scaling limits. Data that 

falls outside the scaling limits still exist within the plot but is not visible. Lines are not drawn to 

points that lie outside the scaling limits. Use the scaling section of this dialog box to change the 

default scaling limits for all plots of a given type. To change the scaling limits on a plot by plot 

basis see the Scaling menu command. 

Check Box: Lfthe box in front of variable type is checked, then the listed scaling limits apply. If 

the box is unchecked, the Integated Model sets the scaling limits to ensure the display of all 

output data. The scale limits and tick marks that the Integrated Model automatically selects are 

not optimized for appearance. 

Minimum and Maximum: These edit boxes control the minimum and maximum plot scaling 

limits. The ICM only displays data that falls between the minimum and maximum scaling limits. 

Data that is outside of this range is not displayed. If all the data lies outside the range, no data is 

displayed. Note: Scaling limits can be set to positive or negative values, including depth. A 

negative depth is used when plotting frost heave. A minimum and maximum date can not be set. 

The ICM automatically sets the date scale to display the entire output range. 



&? Major Tick Marks: These edit b ' s control the spacing of grid lines and the number of value 

labels that appear on the x and y-axis. Small tick mark values increase the number of grid lines 

Fi,we 20. Graphing and Tabular Options dialog box. 

present and reduce their spacing. If the scaling range is not evenly divisible by the tick mark 

value, the maximum scaling limit will not have a value attached to it. For example, the user sets 

the minimum value at 0, the maximum value of 90, and a tick mark value of 20. The effect on the 

plot is that there will be values on the axis at 0,20,40,60 and 80. The grid line spacing between 

80 and 90 will be half that of the others and the 90-grid line will be unlabeled. 



- , :  
: 

Output at selected datehime: This check box signals the Integrated Model to use the input 

values for daily and monthly outputs instead of the default values (0800 and first of the month). 
. . 

7 Time of day for output: This value is the time of day when a profile is output if only the date is 
t 6 
9 selected in the DatelTime list box in the View Output dialog box. 

r - 
. , . . 
, . Day of month for output: This value is the day of the month for which a profile is output if only 

the month-is selectd-k-thellatmimT1isttbox-in the =ew Output-dialog box; If this date does 
. . 

. .-., ---, . . - :. -- not lie within the analysis period for a given month, no profile is generated. 

T?. 
i i Grid lines X and Y-axis: Use these check boxes to control the display of the dotted grid lines. A 
i i - 

checked box displays the grid lines. The user can display none, x-axis, y-axis or x and y-axis grid 

lines. 

- 
Graph using lines: Draw lines between data points that are within the scaling limits. 

---. 

Graph using points: Draw points for each data value that are within the scaling limits. Each 
- data series will have a different style point. The legend denotes which points represent which 

series. Note: the user may not deselect both show graph points and graph lines. The two check 

t i  boxes will toggle 

Include legend: Adds legend to the graph along right margin of the plot. Lists each data series 

- . >  
along with a description of the series. Using multiple series without the show graph point option 

-- tends to make the legend rather confusing. The Integrated Model does not use different line types 

to distinguish plots. 

Graph line thickness: Allows user to select the thickness of the line connecting data values. 
r; 
! 4 !.. i 
-a 

Current number appended to output file: This number is used along with the Model document 
.-, 

file name to create a default name for output files. This number can be any number greater than 
- 

zero. Resetting this variable to zero causes old output files to be overwritten without warning the 

!.I user. 
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Layer Number = 4 
Layer Type = A-3 
Descriprion = Sandy gavel. Silt and clay fines 20%. 
Thickness = 24.0 
Number of elements = 4 
Porosity of layer mattrial = 0.30 
Sarurated permeability = 0.01 

- w - e t _ w e i g h t  of layer matmid = 1 10.00 _ - - -  

Dry theimal conductivity = 0.34 
Dry specific heat = 0.20 
Coefficient of volume compressibility = 0.50 
Udozen  resilient modulus = 20000 
Udozcn  Poisson's ratio = 0.25 
Frozen resilient modulus = 50000 
Frozen Poisson's ratio = 0.25 
Gardnef s unsaturated permeability function multiplier = 0.000001 
Gardnefs unsaturated permeability function exponent = 4.500000 
Gardnds moisture content function multiplier = 0.020000 
Gardnef s moisture content function exponent = 0.800000 

Layer Number = 5 
Layer Type = A-7 
Description = Glacial TI11 
Thickness = 96.0 
Number of elements = 8 
Porosity of layer material = 0.30 
Satumed permeability = 0.00 
Dry unit weight of layer material = 120.00 
Dry t h m a l  conductivity = 0.34 
Dry specific heat = 0.17 
Coefficient of volume compressibility = 1.00 
Unfrozen resilient modulus = 25000 
Unfrozen Poisson's ratio = 0.25 
Frozen resilient modulus = 100000 
Frozen Poisson's ratio = 0.25 
Gardnef s unsaturated permeability function multiplier = 0.000010 
Gardnefs unsaturated permeability function exponent = 3.000000 
Gardnds moisture content function multiplier = 0.070000 
Gardner's moishlre content function exponent = 0.900000 
Recovery period = 60.000000 
Reduction in resilient modulus due to thawing = 20.000000Layer properties 

Table 25b. Material layer properties. 



Output Files 

As a demonstration of the versatility of the Integrated Climatic Model a number of output 

plots, generated from the Urbana.pav input file, are included in this section. The ICM View 

Output dialog box gives the user a flexible tool to extract useful information from the large output 

data sets that the ICM generates. Before the ICM can generate output files the user must File I 
Run the input file (Urbanapav). 

. - . . . - -. . .. - - .- - - - - - . -. . - .. . . . .. - . . . . . -. . . - . . . . - . . . . . . . - 

Figure 22. A temperature versus time plot for the month of October at depths of 0, 14 and 26 

inches. For all of the ICM plots a maximum of six nodes may be plotted at once, though only 

three are displayed on this plot Nodes in excess of six are not displayed, but appear in the table 

that is generated along with the plot The following selections from the View Output dialog list 

boxes generate this plot. Output Type: Nodal, Parameters: Temperature, NodeDepth: 0,7,11, and 

TirneDate: October. 

Table 20. A table of temperature versus time at specified output nodes. This table demonstrates 

using the ICM to generate larger data sets than the ICM can plot at one time. In this example, all 

of the nodal temperatures for an entire day are output in a single file. 

Figure 23. A temperature versus depth plot at two-month intervals over the analysis period. 

When selecting the TirneDate for profiles the user can select the contracted date (+Sept). When 

using a contracted date the ICM uses the time of day andlor day of month that is input in the 

Graphinflabular Options dialog box. The following selections from the View Output dialog list 

boxes generate this plot, Output Type: Profile, Parameters: Temperature, and TimeLDate: 

September, November, January, March, May, and July. 

Table 21. The table generated along with the plot in Fi,we 23. Temperature versus depth output 

at two-month intervals over the analysis period. 

.. . 
Figure 24. A temperature versus depth plot at 6 hour intervals on October 1, 1996. To plot - 
output data for different times throughout the day expand the date desired and select the time of 

? . , interest. To expand a date value (+01 Oct) double click the left mouse key. The following 

selections from the View Output dialog list boxes generate this plot, Output Type: Profile, 

F: Parameters: Temperature, and Timemate: -01 Oct - 0000,0600, 1200, 1800. 



Figure 25. A pore water pressure versus depth plot for May 1, 1996. The pavement model 

p ... 4 
!:.;I I.. 1 

included %6th the ICM has the internal boundary condition set to suction. The suction boundary 

condition causes the ICM to calculate the water content and pore water pressure profiles with 

respect to the pore water pressure at the lower boundary. The choice of flux or suction for the 

internal boundary condition has a large impact on the predicted pore pressure distribution. The 

following selections from the View Output dialog list boxes generate this plof Output Type: 
- - - - - -- - - . - - - -  - - - 
Profile, Parameters: Pore Pressure, and ~ i m e l ~ a t e :  101 May. 

Figure 26. A pore water pressure versus depth plot for May 1, 1996. This plot is identical to the 

previous plot (Figure 25) except that the flux internal boundary condition is used. When the flux 

internal boundary condition is selected water can enter the subgrade from the base course. The 

amount of water available to infiltrated into the subgrade is dependent upon the probability of a 

wet base course. A wet base course causes the moisture content and pore pressure profiles to 

approach a saturated condition. The follo.~ving selections from the View Output dialog list boxes 

generate this plot, Output Type: Profile, Parameters: Pore Pressure, and TirneDate: t-01 May. 

Figure 27. A thermal gradient versus time plot for October 1996. Thennal gradients are 

available for both asphalt concrete and FCC pavements. The thermal gradient in the ICM is the 

temperature differential per inch between the top and bottom node of the pavement layer. If a 

pavement is PCC with an asphalt overlay the thermal gadient is the temperature differential in 

the PCC layer only. Thermal gradients plotted for a time period includes all output thermal 

gradient data for that time period. The following selections fiom the View Output dialog list 

boxes generate this plot, Output Type: Thermal gradient, Parameters: Time period, and 

Timemate: +Oct. 

Figure 28. A maximum/minimum thermal gradient versus time plot for October 1996. A 

maximum/minirnum thermal gradient plot outputs only the daily maximum and minimum values 

of the thermal gradient over a specified time period. The following selections fiom the View 

Output dialog list boxes generate this plot, Output Type: Thermal gradienf Parameters: Time 

period, and TimeIDate: +Oct. 

Figure 29. A curl main versus time plot for October 1996. Curl strain output is available for 

PCC pavements. The curl strain value is calculated from the thermal gradient and the coefficient 



of expansion value input in the PCC Materials dialog box. The following selections fiom the 

View Output dialog list boxes generate this plot, Output Type: Curl strain, Parameters: Time 

period, and Timemate: +Oct. 

Figure 30. A fiost heave versus time plot for the period January 1, 1997 to March 3 1,1997. 

Frost heave is represented in the ICM as a negative value. The y-axis becomes increasingly 

positive with an increase in depth, therefore when fiost displacement is in the opposite direction 
- - - - - -- - - - -- - - - - - - . . - - . . - - .- - . 

of increasing depth, a negative value is used. Frost heave values are very dependent on the values 

used for the Gardner moisture and unsaturated permeability functions as well as values input for 

saturated permeability. The following selections fiom the View Output dialog list boxes generate 

this plot, Output Type: Frost, Parameters: Heave, and Timemate: +Jan, +Feb, +Mar. 

Figure 31. A fiost penetration versus time plot for the period January 1, 1997 to March 3 1,1997. 

Frost penemtion values are very dependent upon the thermal conductivity and the heat capacity 

of the soil materials. The thermal conductivity is in turn dependent upon the type of material (dry 

thermal conductivity) and its moisture content. Therefore the saturated permeability and the 

values input for the Gardner functions have a sipificant impact on the predicted fiost and thaw 

penetrations. Another important variable in determining the fiost penetration depth is the 

constant deep ground temperature. If the pavement profile does not extend deep enough, the heat 

flow from the lower boundary condition can reduce the depth of fiost penetration. A hint to 

improve the appearance of fiost penetration plots is to set the scaling limit to exclude the bottom 

boundary node. The effect of this is to keep the fully thawed condition from being plotted. The 

following selections fiom the View Output dialog list boxes generate this plot, Output Type: 

Frost, Parameters: Penetration, and TimeIDate: +Jm, +Feb, +Mar. 

Table 22. An output of the infiltration and drainage analysis performed by the ICM. The 

GraphlTable option is not available for the Drainage output type. The ICM will only create tables 

for the Drainage output type. The following selections fiom the View Output dialog list boxes 

generate this plot, Output Type: Drainage. 



Urbana IL - Integrated Model example. - Nodal Temperatures 

Node 0 Depth 0. 

Node 7 Depth 14. 

Node I I Depth 26. 

___e__ 

C;-lr- 77 A t ~ m ~ ~ r ~ + l l f ~ !  VRTSIIS time   lot for the month of October. 
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Urbana IL - Integrated Model example. - Temperature Profile 

Temperature ( O F )  

0. 0 20. 30. 40. 50. 60. 70. 80. 90. 100.11 Sep 1996 08:OO 

01 Nov 1996 08:OO 

01 Jan 1997 08:OO 

01 Mar 1997 08:OO 

I 01 May 1997 08:OO 

I 

Figure 23. A temperature versus depth plot at two-month intervals over the analysis period. 



Table 2 1. Temperature versus depth output at two-month intervals-Partial 



Urbana IL - Integrated Model example. - Temperature Profile 

&. 

Temperature ( O F )  

0. 10. 20. 30. 40. 50. 60. 70. 80. 90. 100. 

01 Oct 1996 00:OO 

01 Oct 1996 06:OO 

01 Oct 1996 12:OO 

- 

01 Oct 1996 18:OO 

Figure 24. A temperature versus depth plot at 6 hour intervals on October 1, 1996. 



- ,. - Urbana IL - Integrated Model example. -'Thermal Gradients 

Thermal Gradient 

Fiewe 27. A thermal gradient versus time plot for October 1996. 



Urbana IL - Integrated Model example. - Minimum/Maximum 'Thermal Gradients. 

~ i n i m u m  Gradient 

Maximum Gradient 

Figure 28. A maximum/minimurn thermal gradient versus time plot for October 1996. 



- 
j Curl Strain 

Urbana IL - Integrated Model example. - Curl Strain. 

Curl Strain 

Figure 29. A curl strain versus time plot for October 1996. 
- - 



Urbana IL - Integrated Model example. - Heave. 

Minimum Heave 

... - 

Mean Heave 

Maximum Heave 

Figure 30. A fiost heave versus time plot for the period January 1, 1997 to March 3 1, 1997. 



Urbana IL - Integrated Model example. - Frostrrhaw Penetration. 

Frost Depth 

Thaw Depth 

Figure 31. A h s t  penetration versus time plot for the period January 1, 1997 to March 3 1,1997. 
- 



Urbana IL - Integrated Model example. - Drainage 
DRAINAGE% TIME 
5.0 .122E+OO 
10.0 399E+00 
15.0 .881E+00 
20.0 .154E+01 
25.0 237E+01 

7 30.0 338E+01 
f i 35.0 .458E+01 
Ll 40.0 .597E+01 

4510 .755E+01 
.Y 50.0 .933E+01 

! 55.0 .113E+02 
60.0 .135E+02 

.. -- __ .-65D- . ..159E+02- . _- ... -- - . - . - - . . 

- 70.0 .185E+02 

. . .. . 
75.0 213E+02 

. . 
, , . . . 0 . 

80.0 244E+02 
85.0 277E+02 
90.0 313E+02 

F- 95.0 353E+02 
! .i. , ,. 100.0 .604E+02 
& 

******** EVALUATION OF D W G E  DESIGN ******** 
E n  

WATER DRAINED PERCENTAGE DUE TO GRAVEL = 80.00 
I I , . PERCENTAGE OF GRAVEL IN THE SAMPLE = 70.00 

5 WATER DRAINED PERCENTAGE DUE TO SAND = 65.00 
PERCENTAGE OF SAND M THE SAMPLE = 30.00 

- PERCENTAGE OF WATER WILL BE DRAINED = 75.50 

CRITlCAL DRAINAGE DEGREE (85% SATURATION) = 19.87 
DRAWING TIME FOR 85% SATURATION (HOURS) = 1.52 

. .  $S%% THIS DRAINAGE DESIGN IS SATISFACTORY S$S$ 

i JANUARY 
NUMBER OF DAYS WTTH PRECIPITATION = 11 

.=a, 
NUMBER OF DRY DAY SEQUENCES = 8 

.. .. , . NUMBER OF WET DAY SEQUENCES = 8 
PROBABILITY OF DRY DAYS = .645 
PROBABILITY OF WET DAYS = 355 

DAYS %DRAINAGE PROBABILITY DRY DAYS 
1 7938 .645 
2 98.70 ,440 
3 100.00 300 

- DRY PROBABILITY OF BASE COURSE = 301 
WET PROBABILITY OF BASE COURSE = .699 

I' ? 

FEBRUARY 
R NUMBER OF DAYS WlTH PRECIPITATION = 9 
f:$ NUMBER OF DRY DAY SEQUENCES = 6 
;. - 
G NUMBER OF WET DAY SEQUENCES = 6 

PROBABILITY OF DRY DAYS = .679 
PROBABILITY OF WET DAYS = 321 

DAYS %DRAINAGE PROBABILITY DRY DAYS 
1 7938 ,679 
2 98.70 ,491 
3 100.00 355 

? 
DRY PROBABILITY OF BASE COURSE = .655 

'i WET PROBABILITY OF BASE COURSE = 345 
e; 

Table 22a. An output of the infilmtion and drainage analysis performed by the ICM. 



probability can be high. This causes a significant wetting of the subgrade. The ICM does not 

currently take into account the total amount of water available to wet the subgrade and may cause 

the calculated soil moisture profile to become too wet 

The ICM currently allows the user to input climatic data on a daily basis. Climatic data is 

available fiom the National Weather Service on an hourly basis. The ICM performance could be 

enhanced by allowing the user to input hourly climatic data. 
--- - - -  - - - - .  -- -- -- - 

Currently the ICM does not allow the embedding of pavement and plot documents in 

other Windows application such as Word and Excel. Implementation of object embedding with 

the ICM would increase the usefulness of the program to the user. 

From time to time improvements in the Integrated Climatic Model Version 2.0 will be 

made. These improvements will deal with problems relating to usability and other bugs. The 

latest version of the Integrated Climatic Model can be downloaded over the Internet ( See Chapter 
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