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CHAPTER1
INTRODUCTION

Introduction

Thisreport describesan update to the Integrated Climatic Model ACM). ThelCM isa
one-dimensional coupled heat and moisture flow program that isintended for usein analyzing
pavement soil systemsin conjunctionwith climatic conditions. The Integrated Climatic Model
2.0 isan upgradeto the original Integrated Model that was developed in ajoint effort by the
Texas TransportationInstitute, TexasA&M University and the Department of Civil Engineering,
University of 1llinoisin 1989. The main improvement to the |ICM isthe implementationof a
standard Microsoft® Windowsstyle interface. A graphical user interfacehas been developed to
aid the user in the creation of input models as well as allowingflexibility in creating output files.
Thisreport includesashort discussion of the theories behind the I ntegrated Climatic Model.
Followingthis discussion, are step by step instructions on the use of the|ICM including example
input and outpuit.

The Jntegrated Climatic Model hasthe capability of generatinginternaly realistic
patternsof rainfal, solar radiation, cloud cover, wind speed, and air temperatureto simulatethe
upper boundary conditions. It also has avariety of optionsfor specifying the moistureand
temperature, or the flux of these at the lower boundary and at the interface between the subgrade
and the base course. It considersthe lateral and vertical drainage of the base course, whichisa
two-dimensional problem, in determiningthe amount of water that entersthe subgrade by
infiltrationthrough the pavement surface and base course.

ThelCM stepsforward in timewith time steps ranging from 0.01 to 1.0 hours, with
boundary conditions cal culatedfor the entireanalysis period which can beaslongasayear. The
program cal culatesthe temperature, pore pressure, moisture content and resilient modulusfor
each nodein the profilefor theentireanalysis period. The [CM also predictsfrost behavior,
including heaveand penetration depth; thermal gradient and curl strain in the pavement layer; ad
infiltrationand drainage behavior of the base course.



General Features

ThelCM requiresthefollowing climatic dataas inputs: daily minimum and maximum
temperatures, cloud cover, wind speed and precipitationamounts. Asan aid to the user, the ICM
includesaverageclimatic datafor 20 cities representing 9 climatic regions in the United States
(Figure 1). It isrecommended though, that actual daily climatic data be used when modeling
climaticeffectson pavements. Extreme climatic conditionsand their effect on pavementsare

lost when using averageclimatic data. -

Figure 1. Thenine climateregionsin the U.S and representativecities

Modelingthe pavement profileis accomplished by agraphical user interface. The user
may add and subtract layers from the model profileby usingthe pull down menus or keyboard
shortcuts. Pavement and soil parametersfor each layer areinput using material layer dialog
boxes. ThelCM is capable of generatinglarge amounts of output data. The user may manipulate
this datainto a more accessibleform within the program. Both graphical arid tabular
representationsmay be chosen to view the desired output data. ThelCM is capableof using
either metric or English unts for both input and output.
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Thelntegrated Climatic Model 2.0 contains many improvementsover the earlier version.
Usersmay edit default valuesf ormﬁg-lal layer properties allowing for s mpleconstruction of
input files. Climaticdatafile manipulation alowsfor the importing and exporting of climatic
datafiles. Another input improvement to the ICM isthat users may interpolate between input
valuesfor initia profile construction. Input value error checking along with context sensitive help
reducesthe number of errorsmadein creating input files.

Improvements to-thel CM computational engine are also present. Actua daily climatic
dataisnow input instead of averagevalues. Though average valuescan dill beinput using the
interpolation and generation features of the climatic conditionsdialog box. Theorigina version
of thelCM usad the Precipitation mode to generate rainfall patterns and intensity accordingto
long-term averages. The new version of the ICM allowsthe user to input actua rainfall amounts
or usethe Precipitation model fi-omthe original version. Analysis periodscan now gart fi-om any
day of theyear and can range from one day to oneyear. Thefinal improvementtotheICM is
that it uses only 32-bit codefor faster computation times.

Major improvementsin thelntegrated ClimaticMode 2.0 relateto output file
manipulation. Output datais now accessiblefor any time within the analysisperiod. Display of
the ICM output data can now bein both graphical and tabular forms vith complete user control of
the output file contents.  The user can edit the appearanceof the graphs generated by the M. Up
to six profilescan be plotted on asingle graph, with user-controlled legends, axislabels, titlesand
scae ThelCM tablesareteh separated, which alow them to be imported into other programs
such as Microsoft's Excel ® or IBM’s Lotus 123 ®.

Precipitation M oddl

The Precipitation Modd isa mathematical moddl that uses a deterministicagorithm that is
applicable wherever rainfall amountsand patternsare required for pavement engineering design.
The procedure uses average climatic dataand congruential mathematical conceptsto smulate
rainfall patternsthat are considered acceptablefor design purposes.  Using simulated rainfall data
ensuresthat rainfall during the design period will be equa to or greater than the long-term
climaticaverage. Actua precipitation datacan cause an unconservative predictionof drainage
behavior. This occurswhen the amount of precipitationin the design period is considerably
below the long-term average. Use of actual precipitation datathough is recommended when



modeling extreme rainfall events. For exampleif the user is modeling drainage behavior under a
100-year rainfall event, actua rainfall amountsshould beinput. Anothertime actua precipitation
datashould be used iswhen comparing modeled datato actual pavement performancedataover a
given period of time.

Thismodule of the [CM providesthe amount of rain and the day on which rainfall occurs,
whichisin turn arequired input to the Infiltrationand DrainageModel. This detais used along
with the drainage analysis to compute the probabilitiesof wet and dry days, wet and dry base
coursesand the probability of developing base course moduli associated with different degrees of
saturation. Included with the Integrated ClimaticModel are 30 years of precipitation datafrom
theNational Oceanic and AtmosphericAdministration(NOAA) for nine climatic zones.
Additional cities have been included making a total of 15 specificsites. Provisionsare madefor
the user to enter original detafor any specific sitefor which datais available.

Output datafrom the Precipitation Model is computed for each month of thedesign period.

It consistsof the amount of rainfall, the day on which it occurs, the number of thunderstormsand
somestatistical analysis.

Infiltration and Drainage Model

TheInfiltrationand Drainage Model (ID) performs several tasksin evaluating the effect
of precipitationon a pavement profile. Thesetasks include drainageanalysis, infiltration analysis
and pavement design evaluation.

The ID model usesa numerical techniqueto compute the degree of drainage(drained
area/ total areain percent) versustime of an initiatly saturated granular base course with lateral
drainage overlying a permeableor impermeablesubgrade. Thisanaysisassumesthat the base
courseisafree drainingmaterial. The Pavement Evaluation module of thelD Model usesan
empirical procedureto evaluatethe relative adequacy of the base course design in termsof the
amount of timethat isrequired to reach acritical degree of saturation. The morerapidly the base
course can dral n, the more effective it will be asaload carrying member of the pavement
structure under wet conditions. The Infiltration modul e of the ID Model includesthe previously
described analysesalong with the probabilisticanalyses of rainfall amountsand patterns derived
from the PrecipitationModel or from actual rainfall amounts. The ID mode then conductsa
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rainfall analysisto calculatethe probability of wet and dry days. TheID moded usesthese
analyses to model theinfiltration of water through cracks in the pavement and calculates the
probability of having awet or dry pavement profile. The output of ID Mode includesthe
following analyses, the degree of saturation of the base course, the degree of drainage over
consecutive dry days, and the probability of a dry/wet base course.

Climatic-M aterials-Structur esM odel

Temperatures throughout the pavement structure are dominated by atmospheric
conditionsat the surface. Whileit iseasy to monitor air temperatures, thereisnot adirect
correspondencebetween air temperaturesand surface temperatures. The Climatic-Materials-
StructuresModel (CMS) generatesthe heat flux at the surface, which then establishesthe

temperature profilethrough the asphalt concrete and Portland cement concrete layers. The energy
balance at the surfaceis

Q~-Q+Q-Qx Qe Qbng=0 (Equation 1)
where
Q incoming short wave radiation
Q reflected short wave radiation
Q. incoming long wave radiation

Q. outgoing long wave radiation

Q sensible or convective heet transfer (function of air temperatureand wind speed)
Qu effectsof transpiration, condensation, evaporation and sublimation

Q energy absorbed by the ground

A one-dimensiond, forward finite difference, heat transfer mode! is used to determinethe
temperaturedistribution in the pavement layers. Thevauefor thetemperatureat the bottom of
the pavement layer is given to the Frost Heaveand Thaw Settlement Model for the soil
temperaturepredictions. Themodd considersradiation, convection, conduction, and the effects
of latent hest. 1t does not consider transpiration, condensation, evaporation, or sublimation.
Theselatter effects are neglected because of the uncertainty in their calculationsand because their
omission does not create significant errorsin the heat balanced the surfaceof the pavement.

Hest fluxescaused by precipitation and moistureinfiltration are also neglected.



Frogt Heave and Thaw Settlement M ode

The United States Army Cold RegionsResearch and Engineering Laboratory (CRREL)
Frost Heave and Thaw Settlement Model is a mathematical mode of coupled heat and moisture
flow in soils. The phase change of water to ice is computed usingthe CRREL Model and
thereforeis capable of providinga measure of frost heave. The CRREL Modd usesthe
temperature profile through the pavement layers as established by the CMS Mode to compute
changesin the soil temperatiwre profile, and thus frost penetration and thaw settlement. Thesoil
suction profile asit varieswith time isalso determined. The freezingzone may rangein
thicknessfrom a few millimetersto many meters, and wherever it occursit controlsthe
movement of moisture dueto ice segregatingand partialy blocking the poresin the soil against
moisture movement. Thenature of this blockageis handled by reducingthe unsaturated
hydraulic conductivity (permeability).

The one-dimensiona zone in which the moisture and temperaturechanges occur is
broken into discrete segmentsin which all soil propertiesare assumed to be constant duringa
given timeincrement. These propertiesincludethe porosity, volumetric water and ice content,
unsaturated permeability, and thermal conductivity of the soil. Theend pointsof each segment
arenodal pointswhere the temperature, negative pore water pressure, and overburden pressure
are computed. A heat and water mass balance is computed within each segment at each time
gep. In consideringtheflow of water and heat, knowing theinitial volumetricwater content, the
inflow of water into the segment, and the temperatureand suction at each end of the segment, the
volumetric ice content can be calculated during each increment of time. 1f the sum of the
volumetric unfrozen water content and the volumetric ice content exceedsthe porosity of the sail,
that indicatesthat a heave has occurred asthe ice formed in that segment. Similarly, astheicein
each segment takes on heat and mdlts, it reducesits volume and thaw settlement takes place in
that segment. The sum of theice heaves or thaw settlementsin dl segmentsgivesthetotal frost
heave or thaw settlement a the surface at any point intime.

With each time step, the CRREL Mode bal ances a budget of the net energy entering and
leaving a freezing zone while maintaining the thermal boundary conditions. Smultaneoudly, it
keeps an account of the net i nfl ux and efflux of water and the accumulation of icein the soil
poreswhile maintainingthe hydraulic boundary conditionsand imposing the overburden pressure
which must be overcomein order for frost heaveto take place. Freezing and thawing of the pore
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iceistreated as a processthat occursisothermally at the fieezing temperature. 1ce formsin each
segment when the latent heat of fusion (80 cal/g) for a given quantity of water isextractedfiom a
segment. Conversaly, icethawswhen heat is added to the segment at thefieezing temperature
sufficient to providethelatent heat of fusionfor all of the frozen poreicein the ssgment. When a
segment reachesthe freezing temperature, it isheld at that temperatureuntil it accumul ates
enough heat to thaw or loses enough heat to freeze. Onceall of the water that isgoingto freeze at
that temperature has frozen, the segment is allowed to decrease itstemperaturefurther in
accordancewith the heat flow calculations. Similarly, when the soil thaws, the segment isheld at
thefieezing temperature until all of the pore water is unfrozen and then the segment isalowed to
increaseitstemperature further as dictated by thetransient heat flow calculations. Theflow of
water in each segment obeysDarcy’s law in which the permeability (also caled hydraulic
conductivity) varieswith the negative pore water pressureaccordingto the Gardner functions.

Documentation

This report includes definitionsand a suitable range of valuesfor al Integrated Climatic
Modd variables. Short essays are a so included outlining the sensitivity of the Integrated Climatic
Modd to particular input variables. For a more complete understanding of the theory behindthe
Integrated ClimaticModd and it components, see the following sources.

" An Integrated Modd of Climatic Effectson 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-StructuralAnalysis Program™, Final Report, B.J. Dempsey, W. A.
Herlach and A. J. Patel, Federal Highway Administration Report Number FHWA-RD-84-115
Volume3, February 1985.

“Environmental Effects on Pavement-Drainage”, Volume4, S. J. Liuand R. L. Lytton, Federd
Highway Administration, Washington, D.C., FHWA Report, FHWA-DTFH-61-87-C-00057,
1985.

'Mathematical Modd 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 L aboratory 1986.



CHAPTER 2
INTEGRATED CLIMATIC MODEL SETUP
Requirements

Thelntegrated ClimaticMode Version 2.0 is designed to operate on microcomputers
using the Windows 95 or WindowsNT 32-bit operating systems. ThelCM will notrun in
Window 3.11 using the Win32s library. AnIntel 486DX2-66 processor or itsequivalentis
recommended for efficient operation of the IM, though it will operate on slower processors. A
minimum of SMB of hard drivespaceis needed to install thelM. ThelCM requiresa minimum
of 30 MB to operate efficiently dueto the large output files that are generated. Output file sizeis
dependent opon the length of the analysis period as well asthefrequency that datais output.

Installation

The Integrated ClimaticModel 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 befound at:

http://uiairpave.ce.uiuc.edu/ATREL/RESEARCH/integrated.htm]

To ingtall theICM from a compressed download file, place the file'in atemporary
directory. Thefile namefor the compressed file will be (imXXX.zip) with the XXX being
replaced with the version number (example— im200.zip isthe Integrated ClimaticModel version
2.0.0). Extract dl of the compressed filesto thetemporary directory. Usethe Windows Explorer
to run the executablefile Setup.exe in the temporary directory. For Integrated Climatic Model
installationfiom floppy disk insert disk one of the Integrated Climatic Model into the floppy
drive and run the executablefile Setup.exe. It is recommended that the user exit from all other
Windows applications before installing the Integrated Climatic Model.

Installation of theICM is done with the assistant of Install Shield. Thelnstall Shield
queriesthe user on where and how the |CM should be setup. The Install Shield has a series of
dialog boxes where the user must accept or enter data. An instructional dialog box first appears
welcoming the user to the Integrated Climatic Model setup. The next dialog box queries the user

for the user's name and company. Followingthis dialog box, the user is required to either accept
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the default installationdirectory (C:\Fhwa) or select an dternative. The ICM can be setup in any
user-specifieddirectory. Install Shieldwill createa new directory if the user-specified directory
doesnot exist. The user may a so usethe Browse button to select adirectory for theIM. After
the directory for theICM is chosen, the user mugt select the folder name that will appear on the
Window's Start menu. It isrecommended that the user select the default folder name (Integrated
ClimaticModd). Install Shield now installsthe ICM on the user's hard driveand copiesall
necessary filesto their proper directories. Oncethelnstall Shield completes copyingthe
necessary files, theICM is ready for use. Torun the|CM theuser may either select the
Integrated Model icon on the Window’s Start menu or by running the fhwa.exe file in the
installation directory.

The Integrated Climatic Modd allowsthe user to run an automatic uninstall to remove
the program from the hard drive. The uninstall program removesthe Integrated Climatic Model
and all of its componentsfrom the hard drive. User input filesand output datafilesare not
removed by the uninstall program. When upgrading to newer versionsof the IM, it is
recommended to removethe old version beforeinstallingthe new.

Beforethe Integrated ClimaticModd is run, the user should check the current printer
settings. Plots generated by the ICM fail to print graph titles and axis |abel s properly on some
typesof printerswith certain settings. This occurs when the printer is using soft fontsto print
Windows True Typefonts. To avoid graphing problems, change printer settingsto " Print True
Typefonts asgraphics” under printer properties.

Files

Thelntegrated Climatic Model createsand uses a number of separatedirectories. The
main directory for theICM will bethe one specified during installation. Theexecutablefile
fhwa.exe should not be moved from the installation directory. TheCM registersitsalf with the
Windowsregistry upon installation and requires severa other datafilesfor proper operation.

Thesefilesareingtalled dong with the ICM in the proper directory. If the default valuesfor
Setup are used thefollowing directoriesare created.

C:\ Fhwa: Main directory. Containsthe main executablefile fhwa.exe dongwith other
files necessary for the operation of theIM. Other filesin this directory include:



im.exe — Computational engine of the M.

default.dat — Contains cui‘énl{ default material layer data.
defanlt.ini- Contains original default material data.
rad.dat — Solar radiation dat a

urbana.pav — Sample|CM document.

C:\Fhwa\Data: Contains climatic data supplied with the Integrated ClimaticModel. It is
recommended, though not required, for usersto storeinput climatic datain this directory.
Thefollowingfile types are stored in the Data subdirectory:

*.mmt — Daily maximum/minimum temperaturedata.

*.wnd — Daily averagewind speed.

* rfg — Generated precipitation data.

*.rfa — Actua precipitation data.

* .sun- Daily percent sun shine.

*.bnd — Daily lower boundary suction values.

C:\Fhwa\Files: Containsthe directorieswhere generated output datais stored. The |ICM
creates an output file sub-directory with the same name as an associated input file. The
ICM creates severa raw datafileswhen the ICM isrun and placesthem in the
appropriatesub-directory.

*.crl = M ni numand maximum thaw, frost, and thermal gradient data.

* drn — Raw drainage output.

* thm — Thaw, frost and thermal gradient data.

*tem — Temperature data.

*.mod - Resilient modulusdata.

*.por — Pore pressure data.

*.wat — Water content data.

*.txt — User generated output files. The default names of thesefilesconsist of the input
file nameand default file number.
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Help File

A full WindowsHepfileisincluded with the Integrated ClimaticModel. A user may interact
withthe ICM helpfilesinsevera differentways. A help contentsfile organizesall help articles
in alogica order that allowsthe user to better understand the workingsof theIM. A help index
displayshelp topicsin dphabetica order that allowsfor therapid search of the helptopics. A
word search that alowsthe user to search al of the ICM help filesfor particular wordsor
combinationsof words. Helpfilesare-accessed in thefollowing ways, selecting Contentson the
Help pull down menu; pressingthe F1 function key; or selectingthe context sensitive hel p button
fromthe Integrated Climatic Model toolbar, The context sensitivehel p button isthe button with
aquestion nar k and an arrow. When the context sensitivehelp button is selected, the cursor
becomesa question mark with an arrow. Oncethe context sensitive help cursor is active, the user

may accesshelp on a particulartopic by left clicking the mouse button while the cursor is over an
object of interest.

The ICM aso containsvalue checking for input variables. Asvariablesare input, the
ICM checksthevdidity of that variableasinput. If thevauefor that variablefals outside of the
accepted range of valuesthe ICM will warn the user, highlight the variable in question and
prompt the user to changethe input value.

The help filesthat are included with the Integrated ClimaticModel contain much of the
information in thisreport. Updated helpfilesare included with new releases of the Integrated
ClimaticModd. There may be small discrepancies between thisreport and thesehelpfiles. The
updated help files should take precedence over informationin thisreport.



CHAPTER 3
CREATING | NTEGRATEDCLIMATIC MODEL FILES

Overview

The main thrust of this report isto show usershow to create |CM files, runICM filesand
manipulatel CM output files. Thischapter specifically coversthe creation of ICM input files.
Thestep by step creation of an input file fiom beginning to end is detailed in thischapter. The
input file shown in this report (urbana.pav) isincluded with the Integrated Climatic Model 2.0
installation to aid users.

TheIntegrated Climatic Model usesa graphical user interface to generate input models
called pavement documents. A pavement documentis saved by the ICM with afile extension of
(*.pav). The pavement document storesdl input information for the Integrated Climatic Model.
Theseinputsinclude pavement geometry, soil and pavement material properties, climatic
boundary conditions and initial conditions. All ICM input datais entered through a series of
dialog boxes. TheCM providesdefault valuesfor al ICM inputs. Upon completion of an input
file, the user selects Run from the File menu to executethe ICM and generate output data.

Model | nitialization

To run the Integrated Climatic Model 2.0 (IM) the user may select the Integrated Model
icon on the Windows Start menu. The user may also run the ICM by running its executablefile,
fhwa.exe, whichisfound inthe main ICM directory that was selected during installation. When
theICM is started, an empty window appears. The user then must choose whether to open an
existing ICM input file (*.pav) or to crestea new one. To open a new filethe user should select
New from the File menu. To open an existingfile select Open fiom the File menu. Selecting
New from the file menu createsa 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. TheIntegrated Ciimatic
Mode Initializationdialog box (Figure 2) isthefirst step in building an input pavement
document. The Integrated Climatic Model Initialization dialog box setstheinitial parametersfor
the execution of the ICM. All input variablesin thisdialog box should be entered before



proceeding with file creation, since several other ICM dial og boxes depend upon thisonefor their
— initialization.

]

- Description:
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Figure 2. A new Integrated Climatic Model document and Initialization dialog box.

Model Description: Thisedit box attachesa brief description of the pavement profileto the
current pavement document. This descriptionwill be attached to dl views generated by the IM.
Thereisamaximum limit of 128 charactersalowed in the Modd Descriptionedit box. The
Mode Description edit box may beleft blank.
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Climatic Region: Thisdrop down list box selectswhich climatic region isto be modeled. There
are nine climatic regions defined for the United States (Figure 1). Since alarge quantity of
climatic input data is needed for the proper operation of the Integrated Climatic Model, the user
may elect to use representativedata from any one of the nineclimatic regions. Lftheusers are
supplyingtheir own climatic deta, the Climatic Region input is only required for the base course
saturation calculationin the Infiltration and Drainagemodel .



Weather Station: This drop down list box selectswhether to use climatic data supplied with the
ICM or user supplied climatic data. To use climatic data supplied with theICM select either a
city in theclimatic region or select Averageto use climatic datathat is representativeof that
climaticregion. The climatic data supplied with the Integrated Climatic Model is calculated by
using thirty (30) years of climaticdatafor that weather station. To input new climatic data, select
User Defined in the weather station drop down lig box. The Integrated Climatic Model will
query the user for User Defined climaticinputs with the Climatic/Boundary Conditionsdialog
box. If User Defmed is selectedin the weather station list box, avalue for the latitude of the
weather station isalso required.

Y ear: Thisedit box setstheyear of thefirst day/month inthe analysisperiod. A fourdigit value
for theyear must be entered for the ICM to operate properly. ThelCM will accept asinputsthe

yearsfrom 1900 to 2100 inclusive. Thelntegrated ClimaticModel automatically considersleap
years when importing climatic data

Month: Thislist box setsthe month of the first day inthe analysis period. Select amonth from
the drop down list box. The|CM may gart an analysisduring any month of the year.

Day: Thisedit box setsthe day of the month of thefirst day in the analysisperiod. Careshould
betaken so as not to choose adatethat does not exist (example February 30).

Length of Analysis Period: Thisedit box setsthetime period over which the ICM will run. Up
to oneyear of data may be analyzed at onetime. The maximum valuefor theanalysisperiod is

365 days (366 daysif February 29 isincluded in the period). The anaysis period can dart at any
date during the year and run for an entireyear. The Integrated Climatic Model automatically will

shorten the period from 366 daysto 365 days if February 29 does not fall within theanalysis
period.

Timelncrement for Output: Thisedit box controlshow often thelCM outputs datato file.
Acceptable valuesrangefrom 0.1 to 6.0 hours. If there are morethan afew daysintheanalysis
period, valuesshorter than 1.0 hours should not be used asthi s will cause very large output files
to be generated. The largerthisvaluethefaster the Integrated Climatic Modd will run. This
valueshould beevenly divisibleinto 24 hoursto ensure |ICM stability. Examples of valuesthat
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divide evenly are (6.0, 4.0, 05, 0.1). Examplesof valuesthat do not divideevenly are(5.23, 5.0,
0.47).

Timelncrement for Calculation: Thisedit box controlsthetimeincrement used for running the
IM. Allowablevauesfor thisvaluevary between 0.01 and 1.0 hours. Thereisadirect
correlation between this value and the amount of timeit takesthe |CM to successfully execute an
analysis period. Too large of time increments may not model the climates effect onthe
pavementlsoil profile as well as smaller values. Stability problems may occur if alarge time
increment is used with small soil elements.

Latitude: Thisedit box isonly activeif the user has selected the User Defined weather station.
Thisvalue isused to calculate the amount of incoming solar radiation on the pavement This
value isalso used to calculatethetime of local sunriseand sunset. Valuesfor latitude should be
expressed in adecimal form (example30° 15' = 30.25).

Climatic/Boundary Condition Dialog Box

The Climatic/Boundary Condition dialog box (Figure 3) accepts and display climatic data
that is requiredfor the proper operation of the Integrated ClimaticModel. Five separate
parameters are handled by Climatic/Boundary Condition dialog box. These parametersare
maximum/minimum temperatures, rainfall, wind speed, percent sunshine, and lower boundary
suction. Thisdialog box allowsthe user to input/manipulate climaticdata. If a predefined
wesather station using default climatic data is selected inthe Integrated Climatic Model
Initialization dialog box, only the lower boundary suction datamay be edited. If the valuefor the
wesather station isUser Defined, the Integrated Climatic Model requiresthe user to input all
climaticdata. Thereare severa waysto accomplish this by means of the menu inthisdiaog box.

Clear: Clearsthe selected datatype.

I mport: Imports climatic data from disk.
Generate: Generates/interpolates climatic data.
Save: Savecurrent input datato disk.

To edit climatic/boundary datathe user must inputledit the values in the parameter edit
boxes abovethelargelist box. Usethe carriagereturn to enter the data and movethe input focus



to the next dataitem. Datamay also be input into the parameter list box by enteringavaluein the
edit box and then left clicking the mouse on another valuein the parameter list box. Dataitems
may be left temporarily Hark= though they will need to be input/generated beforethe Integrated
ClimaticModel will execute. Interpolating between the giveninput data using the Generate

menu command can later generate values for missing data

. %: Climatic/Boundary Conditions
Weather Station:User Defirts e <

28 Nov1 37.
29 Nov 1996 44
30 Nov 1985 48.
01 Dec 1996 4.
02 Dec 1996 42.
%403 Dec 1398 40.
:|04 Dec 1996 35.
05 Dec 1996 34
08 Dec 1998 38.
07 Dec 1998 45,
08 Dec 1996 33
09 Dec 1996 33.
10 Dec 1998 56.
11 Dec 1996 5E.
12 Dec 1996 4D
5{13Dec1936 45.
5514 Dec 1996 45.
=115 Dec 1996 44,
16 Dec 1998 31.
17 Dec 1996 30.

Figure 3. Climatic/Boundary Conditionsdialog box.

Maximum and Minimum Temperature: The Integrated ClimaticModel requires
maximum/minimum temperaturevaluesto be input for each day in the analysisperiod. The
Integrated Climatic Model usesthese valuesto determine the air temperature at each time
increment. Interpolatingthe current air temperaturefrom the time/ temperaturemaximum and the
time/temperature minimum doesthis. Thetime of day for temperature maximum/minimum iS
input using the Thermal Propertiesdialog box. Interpolating between existing values can
generate valuesfor blank entries of maximum/minimum temperature. Thisis accomplished by
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selecting Generate| Temperaturefrom the Climatic/Boundary Condition dialogbox menu. If

importing datafrom adisk flletheﬂél;)erature datamud takethefollowingform (Table 1):

Month  Day Naxi nom Minimum
Temperature Temperature

Integer  Integer  Floatingpoint  Floating point

1 1 343 116
1 2 34.7 11.4
1 3 352 113
1 4 35.7 112

Tablel. A sample maximum/minimum temperaturefile.

Blank spaces, tabs or commas may separatethe data. Every day in the analysisperiod
need not be included in thefilefor the Integrated Climatic Model to successful import the
temperaturedata. If adateisgiveninthe datafile, both naxi numand minimum temperatures
mud be included. Datafor datesthat are not included will be left blank. It is recommended
though not required, that all maximum/minimum temperaturedatafiles end with a (*.mmt)

extension.

Rainfall: The Integrated Climatic Model requires precipitation data to operate properly. There
aretwo types of precipitationinput filesthat can be used with the Integrated Climatic Model.
Actuad rainfall data(*.rfa) and generatedrainfall dat a (* .rfg). Precipitationthat falls during a
month when the mean temperature is lessthan the freezingtemperature of water is assumed to

fall assnow. The precipitationthen isassumed to infiltratethe pavement during the first half
month during which the mean temperature is abovethefreezingtemperatureof water. The
Integrated Climatic Modd usesthefile extension of therainfall datafileto determine whether the
fileitisimportingisan actua or generated rainfall file.

Actual Rainfall: For actud rainfall data, the user isrequired to input the amount of precipitation
that occurs at the weather station each day. Precipitationthat falls during amonth with a mean



average temperature below the freezing temperature of water is assumedto fall in theform of
snow and should be input as itsrainfall equivalent. If no precipitationfell for aday inthe

analysisperiod, a value of zero should beinput. Imported actua rainfall datamust havethe
following form (Table 2):

Month Day Rainfall
Integer Integer  Floatingpoint
1 1 0.00
1 2 045
1 3 1.35
1 4 0.00

Table2. A sampleactual rainfall datafile.

Blank spaces, tabs or commas may separate the data. Every day in the analysis period
need not be included in thefilefor the Integrated ClimaticModel to successful import the actua
rainfall datafile. If adateisleft blank, no rainfall datawill be importedfor that day and avalue
will need to be input for the Integrated Climatic Model to run successfully. The ICM requiresall
actual rainfall datafilesto end with the extension (* .rfa).

Generated Rainfall: Generated rainfall datais crested using the Precipitation Modd.
The PrecipitationModel isa deterministic algorithmthat providesa simulation of rainfall events.
Themodel uses congruential algebraand number theory to develop a pseudo-random number
generator that selectsthe wet days of each month and distributesthe total rainfall {0 each wet day.
Generated rainfall data must havethefollowing form (Table 3). Generatedrainfall filesare
required to havethe extension (*.rfg). Users may also generaterainfall using this method by
selecting Generate| Rainfall on the Climatic/Boundary Condition dialog box menu.

Wind Speed: The Integrated ClimaticModel requireswind speed valuesto be input for each day
inthe analysis period. Thisvalueisused in calculationsinvolving wind speed for the entireday.
Wind speed datais used to calculatethe convection at the pavement surface. Interpolating

between previoudly input values can generate valuesfor blank entries of wind speed. Thisis
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ConfidenceLevel
2
1.86
220
243
5.70
292
164
135
243
4.40
373
417
525
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1.27
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261
3.89
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Table3. Generatedrainfall datafile coveringtwo years.

29.1
37.8
425
532
63.4
74.5
776
74.0
70.3
569
50.0
41.1
323
28.0
40.7
52.7
59.1
67.5
76.9
75.6
68.4
56.0
4838



accomplished by selecting Generate]|Windspeed from the Climatic/Boundary Condition dialog

box menu. If importing datafiom adisk file thewind speed data must takethe followingform
(Tabled).

Month  Day W i d speed
Integer Integer  Floating point

1 1 10.2
1 2 84

1 3 20.1
1 4 16.1

Table4. A samplewind speed datafile.

Blank spaces, tabs or conmas may separatethe data. Every day in the analysis period need not
be included in thefile for the Integrated Climatic Model to successful import the wind speed data.
Datafor datesthat 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: TheICM requires percent sunshinevaluesto be input for each day in the
analysis period. Thisvalueisused in calculationsinvolving percent sunshinefor the entire day.
Percent sunshinedata is used to cal culatethe amount of solar radiationon pavementssurface
during day light hours and the amount of cloud cover for radiational cooling a night. Valuesfor
blank entries of percent sunshinecan be generated by interpol ating between previoudy input
values. Thisis accomplished by selecting Generate| Percent Sunshine from the
Climatic/Boundary Condition dialog box menu. Percent sunshineshould be expressed in the
followingform (Table5). If importing datafiom a disk file the percent sunshinedata must take
thefollowing form (Table6).
100% Sunshine = 100.0
50% Sunshine=50.0
1% Sunshine= 10
Table5. Percent sunshineformatting.
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Month  Day Percent sunshine
Integer Integer  Floatingpoint

1 1 50

1 2 754
1 3 100
1 4 0

Table6. Sample percent sunshine datafile.

Blank spaces, tabs or conmas may separatethe data. Every day inthe analysisperiod need not
be included in the filefor the Integrated Climatic Model to successful import the percent sunshine
data. Datafor datesthat are not included will be left blank. 1t is recommended though not
required, that all percent sunshinefilesend with a (*.sun) extension.

L ower Boundary Suction: ThelCM requireslower boundary suction valuesto be input for each
day intheanalysisperiod. Thisvalueis used in calculationsinvolving lower boundary suction
for theentireday. Lower boundary suction data represent the position of the water table. If the
water table is at the bottom of the soil profileset the value of lower boundary suctionto 0. If the
water table ishigher than the bottom node of the soil profile, a positive valuefor suction should
be used (cal culate using the hydrostatic pressure). If the water table isbeneaththe 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 cal culated by taking the unit weight of water
and multiplying by the distancefrom the nodeto the water table. Positive poreweter pressureis
input as a positive number. Suction pressureisinputas a negative number.

A constant water table would result in the lower boundary suction remaining constant for
theentireanalysis period. The lower boundary suction pressureis not affected by input
precipitation. To mode! arising water table dueto precipitationthe user must increasethe value
for lower boundary suction. Unlike the other parametersinput usingthe Climatic/Boundary
Condition dialog box, valuesfor lower boundary suction must be input even if the user has
chosento use default data provided withthe IM. This s because lower boundary suction datais
dependent upon both the profile geometry and the climatic region. Interpolatingbetween



previously input values can generate valuesfor blank entries of lower boundary suction. Thisis
accomplished by selecting Generate|Lower Boundary Suction from the Climatic/Boundary
Condition dialog box menu. If importing datafrom adisk file the lower boundary suction data
must take the following form (Table 7).

Month  Day Lower boundary suction
Integer Integer  Floating point

1 1 2.0
1 2 2.0
1 3 1.9
1 4 1.9

Table7. A sample percent sunshinedatafile.

Blank spaces, tabsor commasmay separatethe data. Every day in the analysis period
need not be included in the filefor the Integrated Climatic Modd to successful import the lower
boundary suction data. Datafor datesthat are not included will be left blank. TheCM
recommend though does not requirethat all lower boundary suction files end with a(*.bnd)
extension.

Clear Data: Menu option of the Climatic/Boundary Condition dialog box. Clearsinput data of
thetype selected. Only availablefor User Defined weather stations. Boundary suction filesmay
be cleared even if weather stationis not User Defined.

Import Data File: Menu option of the Climatic/Boundary Condition dialog box. Imports
climatic data of thetype selected. Only availablefor User Defined westher stations. Importing
datawill causethe current datain the parameter list box to be over written. Only datathat is
needed by the Integrated Climatic Mode will beimported. For example, if adatafile containsa
year's worth of temperature dataand the analysisperiod went from July 1 to July 10, only the
datafrom the analysis period would beimported. Only actual rainfall (*.rfa) and generated
rainfall (*.rfg) filesarerequired to havetheir specific extensionto be imported. All other data
files can have any extension and till beimported. The drawback to not using the proper file
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extension isthat thefiles will not show up unless All Files(*.*) is chosen in the Open Filediaog
box. Boundary suction filesmay be imported even if the weather station is not User Defined.

Generate: Menu option of the Climatic/Boundary Condition dialogbox. Generatesinput data of
the type selected by interpolating between given values. Existing datais not changed. If only a
singlevalue of data has been input and Generateis chosen, that value will beinput for every day
in the analysisperiod. If two values have been input Generatewill interpol ate between thetwo

“values. Data values before and after the datesof thetwo valaes will be set to thosevaues

respectively. Generate| W a | | worksdifferently than the other Generate menu options.
Generate | Rainfall callsthe Generated Rainfall dialogbox. Thisoption will overwritecurrent
rainfall data.

SaveData File: Menu option of the Climatic/Boundary Condition dialog box. Thisoption saves
input data of thetype selected to adisk filethat can later beimported. All climatic datacan be
saved to disk. When saving a climatic datafile it isrecommended that the default file extensions
be used. The correctfile extensionis appendedto theend of the savefileif nofileextensonis
given. If saving a Generated Rainfal datafile to disk, it should be saved asan Actud Rainfall
datafile. Thisisnecessary becausethe precipitation has already been generated by thelntegrated
Climatic Mode and now is considered actud for archival purposes

Gener ated Rainfall Dialog Box: The Generated Rainfall Dialog Box allowsthe user to input the
data necessary to statistically generate arainfall distribution using the PrecipitationModd.

The Precipitation Model requiresmonthly rainfall anount, number of wet days per month,
number of thunderstorms per month and the confidencelevel. To generateranfd| datathe user
must input appropriatevaluesin the parameter edit boxes abovethelargelist box. Usethe
carriage return to enter the dataand move the input focusto the next dataitem. Datamay aso be
input into the parameter list box by entering avaluein the edit box and then left clickingthe
mouse on another value in the parameter list box. Datafor dl months must be input to generatea
ranfal distribution. Generating arainfall distribution using this dialog box differsfrom
importinga datafile from disk in that it uses only one year of rainfall datafor inputstothe
PrecipitationModd. Importing (*.rfg) filesalowsthe usersto include up to 99 years of monthly
rainfall deta



The mean temperatureneed not be input when using the Generated Rainfall dialog box.
These valueswill becadculatedf | edaily maximum and minimum temperature input using
the Climatic/Boundary Conditionsdialog box. Pressthe Generate button after datafor every
month has been input Thiswill run the Precipitation Mode and generate a pseudo-random
rainfall distributionfor the analysis period.

Thermal PropertiesDialog Box

The Thermal Propertiesdiaog box acceptsand displaysthermal parametersthat are required for
the proper operation of the Integrated ClimaticModd (Figure4).

Modifier of Overburden PressureDuring Thaw: The modifier of overburden pressureduring
thaw has a small impact on the predicted frost heave behavior in some cases. The overburden
pressureof asoil profileeffectsthe porewater pressurein thefrozen zone. Thi s intun hasan
effect on the amount of heave during periods of thaw. Thedefault valueof 05 should be used
unlessthe user has a thorough understanding of frost heavetheory. [If the value for the modifier
of overburden pressureisequd to 1.0 al of the overburden pressurewill be considered to be used
in resisting heave and cal culatingthe effectivepore water pressurein asegment. A valuedf 0.0
for the modifier of overburden pressure causesthe overburden pressureto be ignored when
calculating effective porewater pressurein afreezing segment. This variableisnot required for
other analyses performed by the IM.

Emissivity Factor: Thisemissivity of the pavement dependson pavement composition, color,
texture and temperature. The emissivity factor reducesthe amount of long wavelength radiation
emitted from the pavement surface. A surfacethat isaperfect black body radiator would have an
emissivity of 10. A reasonableemissivity value for a PCC pavement is0.85.

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

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

the amount of availablesolar energy that is absorb by the pavement surface. Generally thelighter
and morereflectivethe surface is, the lower the short wave absorptivity will be. The absorptivity
of asurfaceis equal to one minusthe surface's albedo.
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Light sands 0.40-0.70

Sandy sail 0.70-0.88
PCC pavement 0.70-0.90
Weathered asphalt (gray)  0.80-0.90
Fresh asphalt (black) 0.90-0.98

Table8. Short wave absorptivity of various surfaces.

Weather Station:User Defined
Climatic Region:RegionI-A__
Description:Urbana IL (Sep RIS Rl SR

Figure4. Thermal propertiesdialog box.

Cloud BaseFactor: The cloud base factor takes into account the general nature of the cloudsfor
calculations involving percent sunshine. Low dense clouds are much more effectivereflecting
outgoing long wave radiation than arehigh thin clouds. Thevauefor the cloud basefactor
rangesfrom 0.0t0 1.0. A valueof 0.0 indicatesthat the clouds are completely ineffectivein
reflecting outgoing radiation. A valueof 10 indicatesthat the clouds completely reflect outgoing
radiation.



A cloud basefactor equal to 0.85 is reasonablefor most casesin the eastern and central
United States. This valuerepresentsstratus and cumulus cloudsat altitudes of about 5000 feet.
In regionswhere Cirro (high) or Alto (middle) cloud types dominate alower valuefor the cloud
basefactor should be used. The Integrated ClimaticModel does not allow the cloud base factor
to changewithtime. If the user wishes to model specific cloud conditions, separate short model
runs will haveto be made changing thisvariablefor eachrun.

~ Cirro or high clouds
Alto or middleclouds
Cumulusor white and puffy
Stratusor layered

Cirrus 0.1-0.3
Cirrocumulus 0.3-0.5
Cirrostratus 0.4-0.6
Altocumulus 0.5-0.7

Altostratus 0.5-0.7
Stratocumulus 0.7-0.85
Stratus 0.8-0.9

Cumulonimbus  0.8-0.9
Nimbostratus 0.9-1.0

Table 9. Cloud basefactorsof 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 atime increment. The constraint on the
maximum amount of heat lossduring arun of the ICM is dueto stabilityconsiderations. A
reasonablevaluefor the maximum convection coefficient is 3.0 BTU/(hr)(sq.ft)(°F). If shorttime
increments are used (Iessthan 0.1 hours), higher values of the naxi numconvection coefficient
should not cause stability problems. Maximum convection coefficientsgreater than 10.0
BTU/(hr)(sq.ft)(°F) will usually cause stability problems.

Coefficientof Variation Unsaturated Permeability: The coefficient of variation for unsaturated
penneability is used in the calculation of the minimum and maximum frost heave predictions.
This variable representsthe uncertainty in the estimation of unsaturated permesbility. The
coefficient of variation (COV) isequal to the standard deviation for unsaturated permesbility
divided by the mean valuefor unsaturated permeability. The recommended default value of COV
for unsaturated penneability is 1.0 (100%). Thisrepresentsa moderateto high degree of
uncertainty in the measurement/calculation of unsaturated permeability. Predictions for the
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minimum and maximum frost heave are highly sensitiveto thisvariable. Thesmaller thevalue of
COV, the smaller the difference between the minimum and maximum frost heaves.

Time of Day When Minimum/Maximum Air TemperaturesOccur: ThelCM requiresas
input the daily minimum and maximum temperatures. Thisis done using the Climatic Conditions
dialog box. Thisdataalong with thetime of day when the minimum and maximum air
temperaturesoccur is used to interpolate air temperaturesfor therest of the day. Theaveragetime
of day when the-minimum and maximum temperatures OCCUr iSnot constant throughout the year.
Even within the same season, day to day fluctuations can belarge. For long model runswhere
only pavement temperature trendsare important, using constant values for thetime of day for the
minimum and naxi numtemperaturesisadequate. If the temperature behavior for aspecific
period is desired, many single day runs should be made.

LimitsFreezing Range: Thefreezing rangelimitsare an artificial construct that the Integrated
ClimaticModd usesto model thefreezing of the pavement layer. Asthe temperature approaches
thefreezing point of water (0 °C) the Integrated ClimaticModel uses the input valuesfor the
unfrozentherma properties. Whilethe temperature of the pavement layer is between the upper
and lower ranges of the freezing limits, the ICM usesthefreezing thermal properties. If the
temperatureis below the lower limitsof thefreezing range, thefrozen thermal propertiesare
used. ThelCM suggeststhat a value-of 0 °C (32 °F) be used for the upper freezing limit and that
avaueof -1 °C (approximately 30°F) be used for the lower freezing limit.

TTI Infiltration and Drainage Dialog Box

Thelnfiltration and Drainage dialog box accepts and display parametersthat are required for the
Infiltration and Drainage component module of the Integrated Climatic Model (Figure 5)

Linear length cracks/joints: The linear length of cracksand jointsisused in conjunction with
thetotal length of pavement for which a crack survey was completed to determine how much
water cani  Itraethe pavement. The linear length of cracksand jointsisthelength of cracks
and joints present in asurveyed length of pavement. The Integrated ClimaticMode assumesan
infiltration rate depending upon the total amount of cracksand joints present depending upon
.pavementtype. A rateof 0.1 cubicfeet per hour per foot length of crack isassumed for
bituminousconcrete pavement. A rateof 0.03 cubicfeet per hour per foot length of crack is



assumed for portland cement concrete. If modeling pavementswith large open cracksand joints
these assumptionsmay be unconservative. The effect of thiswould be that the Integrated
Climatic Model would under predict the amount of water flowing into the base course. Thismay
be corrected by using alarger valuefor the linear length of cracks and joints.

Total length surveyed for cracks/joints: Thetotal length surveyed for cracksand jointsis used
along with the linear length of cracks and jointsto determinethe amount of water availableto
flowinto the base course. Thetotal length surveyed is length of pavement for which crack/joint
datawas measured. For example: Within a 500-foot stretch of pavement the linear length of the
cracksand joints present are450 feet.

Total length surveyed for cracks/joints = 500 f eet
Linear length cracks and joints= 450 feet.

Ji— Modell pav

Weaﬂler Stahon User Defup]] Inflltranon and Dmmage Model Inpu!s

Fi gure5. Infiltration and Drai edlalog box.
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Composition of base course: ThelCM requiresthefollowing variables as input: the type and
percentage of fines, the percentageof gravel, and the percentageof sand. A amountsare
represented asa percentageof the total dry unit weight of the base course. The percentage
amountsfor fines, gravels, and sand should sum to 100%.

For example, a base course with the following composition (Table 10), would be input as
(2.5, 700, 27.5) with each valuein its appropriate edit box
Fines- 2.5%
Gravel - 70%
Sand - 27.5%
Table 10. Base course fine components.

Thetype of finesin the base course must also be selected. TheIntegrated Climatic
Mode allowsfor threetypes of fines; clays, siltsand inert fillers. A determination of afineasa
clays or silts can be determined from the liquid limit and plasticity index of the materid. Inert
fillers are materials such as limestonerock flour or silicafines.

|__Plasticity (clays)Or Compressibilify (silfs)
Low Medium High
60 T T T
:}50 i
97
=30
=
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s /< e 73w, -20
o /0F =073 (w, -20) -
Q yd
0 1 1 1 1 2 1

O /0 20 30 40 50 60 70 80 90 /00
Liquid Limif, w,

Figure 6. Type of base course fines.

Onesidewidth of base: The Integrated Climatic Model requiresthe 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 asthe valueforthis input. Thelnfiltration
and Drainage Model assumesthat water will beableto drain freely at the shoulder. Vauesinput
should either be in feet (English) or meters(S).



Slope ratio/base tangent value: The sloperatio/base tangent vaue is equal to the dope angle of
the pavement (Figure7). Calculatethe basetangent 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 &
the pavement's edge. Dividethis difference by the haf width of the pavement.

Pavement

Base Course

Base Tangent a=Ah/L

Figure7. Sloperatio and basetangent value.

Internal boundary condition: Theinterna boundary condition determines how moisture may
enter the subgrade. In many regionswest of the Mississippi River and in the southern United
States, highway subgrades are composed of fine grained, low permeability soilsthat 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. Thusan abrupt boundary
between positivewater pressurein the subbaseand negative water pressure or suction in the
subgrade existsat the subbase-subgradeinterface. The gradient at this boundary equalsthe sum
of the positive pressurein the subbase plus the suction in thesubgrade. TS isaflux condition.
Water can enter the subgrade fiom the saturated subbase.

For pavementsin areas with relatively high water tables, the subgrade is often nearly
saturated. Along with awell draining base course, these subgrades receivemost of their water
from suction induced by the proximity of the water table. Thisisthe suction condition.

When the pore water pressuresin the base and the subgrade are close together, theflux
boundary conditionwill perform similarly to the suction boundary condition. Thefarther apart
the two pore water pressuresare, the more the flux boundary condition controlstheflow of water
into the subgrade. The internal boundary condition used can have a significant impact on the
pore pressure and moisture content predictions. Sincethe amount of water in the soil also
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influencesthe thermal behavior of the soil, the internal boundary condition aso influencesthe
predicted frost behavior. Theamoéi‘l?%f water availablein the soil has asignificant impact on the
amount of frost heavethat is predicted.

The actual moisture conditionsin the pavement profile often are bracketed by mode
predictions made with the flux and suction boundary condition. The reason for thisisthat these
boundary conditions represent the extremesin moistureflow. Rarely isthe moisture content of
the soil controlled onty by the proximity of the water table or by the amount of water availablein
the base course.

Evaluation Period: Theevauation period is the number of years beforeacertain level of storm
should be expected to occur. T s valueis used in determiningthe probability of awet or dry
base course. The probability of awet or dry base courseis determined by first calculating the
amount of water that is necessary to completely saturated the base course. Next the amount of
precipitationthat is required to providethat amount of water, given the cracksand jointsthat are
present, is calculated. The probability that thisamount of precipitation will occur, which is
dependent upon the evaluation period, is used to calcul atethe probability of awet or dry base

course.

Using a larger valuefor the evaluation period increasesthe amount of rainfall that could be
expectedtofall in any onestorm. Thisin turn increasesthe probability of awet base course. For
awell designed base coursewith ahigh degree of drainage, thisvariablehaslittle or no effect on
the wet/dry probability. For apoorly designed base coursewith low drainability, this variable
will haveonly asmdl impact. Therangefor the evaluationperiod is 1-100 years, with a10-year
return period being reasonable.

Congtant K for intensity-duration-recurrenceequation:
Power of recurrenceinterval:

Power of rainfall duration:

Shapeconstant for rainfall intensity-period curve:

Theanalysisof continuousrainfall, usually lasting for periods of lessthan aday, entail the
abstraction of rainfall amountsover specified durations. Assessment of occurrencesis made by
intensity-duration-recurrenceanayss. The above variables describethe intensity-duration-
recurrencebehavior of rainfall in specificlocals. Usersmay calculate thesevariablesusi ng



intensity-duration-frequency curvesthat can either be developed from precipitation frequency
analysisusing local dataor derived from standard publications such asHY DRO-35.

R A Frederick, V. A. Meyers, and E. P. Aucielio, " Five to 60-minute preci pitationfrequency for
the eastern and central United Sates", NO44 Tech Mem. ¥#Ss HYDRO 35, National Weather
Service, NOAA, U.S Department of Commerce, Washington D.C., 1977.
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Figure 8. Intensity-duration-frequency curvefor Chicago IL.

The following equation representsthe abstractionsof the curves shown above.

_ K@)y
SF

R

R = armount of rainfall ininches
tg = effective duration in minutes.
tp =return period in years

n = power of rainfall duration

X = power of recurrence interval
K = Constant
SF = Shape constant

Constant K and shapeconstant The location of the curves up and down the precipitation
intensityaxis. Itis also the value of intensity where tpand t; are unity.

Power of recurrenceinterval: Spacing of the resum peniod curves. This exponent is the dope of
the lines resuting when intensity is plotted against the retum period logarithmically.

Power of rainfall duration: The negati ve slope of the awes. This exponent is the dope of the

lines resutting when irtensity is plotted against the durationfogarithmically. For Integrated Model
purposes assurne a best-fit strat fine instead of a curve.
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Suggested values of n, k, x and SF are 0.75, 0.25, 0.30 and 1.65 respectively. Thesevduesare
appropriatefor the eastern United States. Thesevariables affect the probability of awet or dry
base course, though not to a great extent.

Adding L avers

The Add Layer dialog box (Figure 9) inserts material layersto the ICM pavement file.
To open the Add Layer dialog box sdlect the Add Layer | Edit command from the main ICM
menu. To add amaterial layer, highlight in the list box the current layer bel ow which the new
layer will added. If no layers have yet been added, select Layer 0. To add alayer abovedl
existinglayers, also select Layer 0. Oncethe relative position of the layer has been selected,
select the type of material to add to the pavement profile. The ICM will insert asingle layer with
default valuesin the pavement profile. A materia layer dialog box for the selected material will
appear allowing the user to edit the materia parametersfor the added layer.

Figure9. Add Layer didog box.



ThelIntegrated Climatic Model then addsthe layer and dl of its nodesto the pavement
profile. The Integrated Climatic Model then recal culatesthe nodal depthsfor all nodes. After a
layer is added, the user should check thelnitial temperature and pore pressure profiles dialog box
for accuracy. If the profileswere generated using a different depth profile the temperature and
pore pressure profilesmay now be incorrect. ThelCM hasthe following restrictionson the type,
number, and order that material layers may have. TheIntegrated Climatic Model will warn the
user that these general rules have been violated beforethe Integrated Climatic Model will execute
shown in Figure 9. The Add Layer dialog box (Figure 9) shown hereis adding an additional A-3
material layer to the ICM document. For detailed information on the variablesfor individual
material layers, see the subsection entitled Material Layerslater in this chapter.

Pavements: Thetop layer of the profile must either be a PCC or asphalt concrete'pavement. Soil
materialsmay not be used for thetop 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 layersalowed in a pavement profileis 30.
Number of Nodes: The maximum numbersof nodes 300.

Removing L avers

The Remove Layer dialog box (Figure 10) removes material layers from the Integrated
ClimaticModel document. To open the RemoveL ayer dialog box select the Remove Layer | Edit
command from the main ICM menu. To remove amateria layer, highlight the layer to be
removed in the list box and select the OK button. Layerscan aso be removed by double clicking
the right mouse button on the desired layer in the Remove Layer dialog box. ThelCM then
removesthe layer and al of the nodesassociated with it. ThelCM then recal cul atesthe nodd
depthsfor al of theremaining nodes. After alayer isremoved, the user should check theInitial
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temperatureand pore pressureprofilesdialog box for accuracy. If the profiles were generated
using a different depth profilethe temperatureand pore pressure profilesmay now be incorrect.

| Weather Sts
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Figure 10. Removelayer dialog box.

Material Properties

The Integrated Climatic Model usesthree types of materialswhen building pavement soil
profiles, asphalt concrete, portland cement concrete, and soils. Asphalt concrete includes both
asphalt concrete pavementsand asphalt overlays. The PCC material layer is used to modd all
pavement materialsin which stiffness does not vary with varying temperature. The soil materia
layersinclude all materialsthat are not pavement surface materials, including asphalt and
concrete stabilized base courses.

A significant differencebetween PCC and asphalt concrete materia layersisthe
infiltration rate. An infiltration rate of 0.1 cubic feet/hr-ft isused for bituminousconcrete



pavement and arate of 0.03 cubic feet/hr-ft is used for PCC. To model pavementswith other
infiltration rates, vary thelinear length cracks/joints (p. 27). Increasing thisvalue increases the
amount of water that flows into the base course. All materid layers contain the followinginput
parameters.

Layer Description: Thisedit box is used to input a description of the pavement or soil material.
Thisdescriptionisthen displayed next to the material layer in the Model document (*.pav). A
maximum of 80 charactersis allowed for the description of each material layer.

Thicknessof layer: Thisedit box is used to input the thickness of each material layer. A
maximum thickness of 1000 unitsisallowed using either English or metricunits. If amaterial
layer exceeds 1000 units of measurement the user will be required to split it into two or more
smaller layerswith identical properties. Vauesfor layer thicknessalso must be greater than zero.

Number of elementsthislayer: Thisedit box is usad to input the number of elementsfor this
material layer. The minimum allowable number of eementsis 1. The maximum number of
elementsallowed 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 asthis can lead to stability
problemswith theIM. An advantageto using asmall element sizeisthat the coarsenessof the
output dataiis reduced. A disadvantageto using asmall element size isthat it increasesthetime
that isrequired for a completerun of the IM. Small elementsaso increasethe size of the output
filesthat are subsequently generated.

Asphalt Material Properties

The Asphalt Material Propertiesdialog box (Figure1l) isone of three materia layer
dialog boxes. Asphalt material sinclude both asphalt concrete pavementsand asphalt concrete
overlays. Only one asphalt layer isallowed 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 thicknessof both layers. Asphalt layersdo not include asphalt stabilized base courses.
Asphalt stabilized base courses are input using the Materials Properties dialog box.

The Optionsselection of the Asphalt Material Propertiesdialog box menu allowsthe user
to changethe model defaultsor to reset the activelayer to the Integrated ClimaticModel's current



default value. The Options menu command of the Asphalt Material Properties dialog box are
similar to the Options| Set Default command on the Integrated Climatic Model's main menu.

b-—Modell.

Weather Station:User
“~Climatic Region:Regio
Description:Urbana I,

F

e

Figure1l. AsphatMateria Propertiesdialog box.

1 Coar se aggr egatecontent in asphalt: The coarse aggregate content is the volumetric proportion
L‘ of aggregatein the asphalt mixture. Thisvalueis expressedin percent. Allowablevaluesfor the
coarse aggregate content range between 0% - 100%.

Air content asphalt layer: Thisedit box isused to input theair content of theasphaltlayer. The
air content of the asphalt layer isthe ratio of the void volumeto the total volume of the asphalt
concrete. Thisratio presented in percent is used to calculatethe stiffness of the asphalt concrete
at varioustemperatures. Vauesfor theair content of the asphalt must be greater than 0%.

o



Gravimetric water content of asphalt layer: Thisedit box is used to input the gravimetricwater
content of theasphalt layer. The Meuic water content is output for moisture content profile
plotsto completethe profile. The gravimetric water content should not exceed the air content
percentage of the asphalt layer.

Resilient modulus versus temperature: Theseedit boxes are used to input the stiffness of the
bitumen component of the asphalt concrete. The ICM interpol ates between the given valuesfor
bitumen stiffness dependent upon the current temperature at thenode. For values below the
minimum temperature, the stiffnessat the minimum temperaturewill be used. For values greater
than the maximum temperature, the stiffness at the maximumtemperaturewill beused. Care
should be taken to ensurethat the predicted asphalt concrete temperaturesfall between the
minimum and maximum temperaturesof the bitumen stiffnesscurve.

Thermal conductivity of asphalt: Theseedit boxesare used to input the thermal conductivity of
theasphalt layer. Thermal conductivity K isthe quantity of heat that flows normally acrossa
surfaceof unit area per unit of timeand per unit of temperaturegradient normal to the surface. It
isusually 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 squarefoot onefoot thick per degree Fahrenheit between the two surfaces.

Moisture content has an influence upon thethermal conductivity asphalt concrete. If the
moisture content of the asphalt concreteis small, the differencesbetween the unfrozen, freezing
and frozen thermal conductivity are small. Only when the moisture content is high (>10%) does
thethermal conductivity vary substantially. Thelntegrated Climatic Model does not
automatically vary the thermal conductivity with varying moisture content of the asphalt layer as
it does with the soil layers. Reasonablevaluesfor the thermal conductivity of asphalt rangefrom
65 to 12.0 cal/(cm)(hr)(°C). For comparison thethermal conductivity of liquid water is5.0
cal/(cm)(hr)(°C) and the thermal conductivity of iceis20.0 cal/(cm)(hr)(°C).

Heat capacity of asphalt: The heat or thermal capacity of asubstance isthe actual amount of
heat energy Q necessary to changethe temperature of a unit massof the substance by one degree.
Reasonablevaluesfor the heat capacity of asphalt are between 0.22 and 0.40 Btw/(1b)(°F) with the
low end of the range being more common.
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Total unit weight of asphalt: These edit boxesare usad to input thetotal unit weight of the
asphalt concrete. The unit weight of amaterial istheweight of amaterid divided by itsvolume.
The unit weight of the asphalt layer is used to calculatethe overburden pressure abovethe
freezing zone. This overburden pressureis used for frost heave calculations. Thedifferences
between freezing, frozen and unfrozen unit weights are minor. For most modeling purposes all

three values can be set equal to one another.

Portland Cement Concr eteMaterials Properiies

The Portland Cement Concrete Material Propertiesdiaog box (Figure 12) is one of three
materia layer dialog boxes. PCC materia layersdo not include cement stabilized base courses.
Cement stabilized base coursesare input using the Materia s Propertiesdialog box. Only one
PCC pavement layer isalowed in each Model document (*.pav). The Options selection of the
PCC Material Propertiesdialog box menu allows the user to changethe model defaultsor to reset
the active layer to the Integrated ClimaticModel's current default value. The Optionsmenu
selection command of the PCC Materia Propertiesdialog box issimilar to the Options| Set
Default command an the Integrated ClimaticModel's main menu.

Thermal conductivity of PCC: Thisedit box is used to input thethermal conductivity of the
PCC layer. Thermal conductivity K isthe quantity of hegt that flows normally acrossa surface of
unit area per unit of time and per unit of temperaturegradient normal to the surface. It isusually
expressed in caloriestransmitted 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 valuesfor the thermal conductivity of PCC rangefrom 7.0 to 10.0 cal/(cm)(hr)(°C).

Heat capacity of PCC: The heat or thermal capacity of a substanceisthe actual amount of heat
energy Q necessary to change thetemperature of a unit massof the substance by one degree.
Reasonable valuesfor the heat capacity of PCC are between 0.15 and 025 Brw/(1b)(°F) with the
low end of the range being more common.

Total unit weight of PCC: Ti's edit box is used to input thetotal unit weight of the PCC
concrete. The unit weight of a material isthe weight of a materia divided by itsvolume. The
unit weight of the PCC layer is used to calculate the overburden pressure abovethe freezing zone.



This overburden pressureis used for frost heave calculations. A common value for the unit
weight of PCC is 150 pcf.

Resilient modulusof PCC: Another common term for the resilient modulusis stiffness. Unlike
all other materiasthat the Integrated Climatic Modd uses, the PCC resilient modulus does not
changeover thetime. Asphalt material stiffness is dependent upon temperature. The soil

materia resilient modulus is dependent upon themoisture content and the current freezing state
of the soil. Theresilient modulusof PCC is included as an input to thelntegrated Climatic Model

S0 that complete resilient modulus profiles can be developed. A common rangeof vauesfor
PCC isfrom 3,000,000 psi to 3,500,000 ps.

Poisson's ratio of PCC: The Poisson's ratio for PCC isnot used for any cal culations performed
by the Integrated ClimaticModdl. It isincluded because some programstha usethe Integrated

Westher Station:User Defined
ClimaticRegion:Region I-A
Description:Urbana IL (Ser

Figure 12. Portland Cement ConcreteMaterial Propertiesdiaog box.
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ClimaticModel output for their input require avaluefor the Poisson's ratio. For PCC a range of
0.10 to 0.25 is commonly used for the Poisson's ratio. Vauesof Poisson's ratio greatert han or
equal to 05 should not be used. The input vaue for the Poisson's ratio for PCC is output along
with other material deta under View | Output files using themain Integrated Climatic Model
menul.

Coefficient of expansion of PCC: The coefficientof expansion of PCC determinesthe amount

-of curl strain that the Integrated ClimaticModel will predict. Curl stréin iscaused by a

temperature difference between thetop and bottom of aPCC layer. Curl stran will only be
caculated if thereisaPCC layer in the model document. Curl gain is calculated by subtracting
the current temperature of the bottom node of the PCC layer from temperature of the top node
and multiplyingthis difference by the coefficientof expansion. A commonvaluefor the
coefficientof expansionof PCCis 6.0e-6 (1/°F).

Materials Properties dialog box

Usethe Materid Properties dialog box (Figure 13) to input/edit the soil parametersfor
layersthat are added to aModel document. The Material Propertiesdial og box isused to
inputledit soil material layers, including stabilized soils. Soils classifiedas A-4 to A-7 require
two additional parametersto beinput, recovery period and reduction of resilient modulus dueto
thawing. The Optionsselectionof the Material Propertiesdialog box menu alowsthe user to
changethe model defaults or to reset the active layer to the Integrated ClimaticModel's current
default value.

The Options menu selection command of the Materia Properties dialog box aresimilar to
the Options| Set Default command on the Integrated ClimaticModel's main menu. Below isa
table of the default settings of the Integrated Climatic Model. These arethe valuesthat the
material layersare set to if the Restore Initial menu option is chosen.

Porosity: Porosity isthe standard soil mechanicindex property to quantify the densenessor
loosenessof a soil. Porosity istheratio of the volume of voids (V) in asoil samplewith thetotal
volume (V) of asoil sample. For additional porosity val ues see the subsection entitled Gardner's
moisture content function.



Stab.  A-1 A2 A3 Ad A5 A6
Unified Class none GW2 SP3 SM5 ML11 MH CcL12
Porosity 02 0.40 0.45 0.38 0.37 0.5 0.49
Dry unit weight (Ib/ft’) 125 125 100 110 80 85 80
Sat. Permeability (ft/hr) 01 0.2 0.5 0.05 0.01 1e-3 ie4 -
Thermal K (Btu/ft-hr-°F) 05 0.3 0.27 0.34 0.34 0.15 0.20
_.Heat capacity (Btu/lb-°F) - 0.25 _. .0.17 0.17. 020. . 017 . _.0.17 0.17.
Volume compressibility 0.1 010 030 0.50 0.8 1.0 0.8
AWL 05 0.6 0.4 0.02 0.3 0 0.04
XWL 0.3 0.3 0.9 0.8 0.7 3.0 0.48
AKL 1e-2 1e-2 1e4 4e-4 3e-6 0.0 0.35
XKL 2.0 26 3.5 2.9 3.4 1.0 0.95
Unfrozen Modulus (psi) 2e5 50000 25000 20000 10000 5000 10000
Frozen Modulus (psi) 4e5 1e5 50000 50000 50000 50000 50000
Poisson's Ratio 025 0.25 025 © 0.25 0.25 025 0.25
Length recovery period NA NA NA NA 60 60 60
Modulus reduction NA NA NA NA 20 20 20
NA = Nat applicable
Table11. Default Material Layer Properties.
Description Porosity Unit Weight
(n) g/cm”3 Ib/ft"3
Uniform sand, loose 0.46 1.43 90
Uniform sand, dense 0.34 1.75 109
Mixed-grained sand, loose 0.40 1.59 99
Mixed-grained sand, dense 0.30 1.86 116
Windblownsilt (loess) 050 1.36 85
Glacid till, very mixed grain  0.20 2.12 132
Soft glacia clay 055 1.22 76
Stiff glacia clay 037 1.70 106

Table12. Porosity and Unit Weight of Typical Soilsin Natural States.
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Figure 13. Material Propertiesdialog box.

Saturated Permeability: Saturated permeability, k, isameasure of theamount of water that can
flow through amaterial. The saturated permeability of the base courseand subgrade materiasis
important in many of the analysesthat the Integrated ClimaticModel performs.

Dry unit weight: The standard soil mechanicindex property to quantify the dry weight of the soil

per unit volume.

Dry Thermal Conductivity: Thermal conductivity K isthe quantity of heat that flowsnormally
acrossasurface of unit areaper unit of time and per unit of temperature gradient normal to the
surface. It isusualy expressedin caloriestransmitted per hour through one square centimeter of

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



thermal units per hour through one squarefoot onefoot thick per degree Fahrenheit between the
two surfaces. Soil moisture content has a great influence upon thethermal conductivity of soils.
Thelntegrated Climatic Model automatically adjuststhe thermal conductivity according to the
current moisture content of thesoil. If thermal conductivity data is unavailable for a soil, usethe
following chart (Figure 14) to approximate avaluefor thermal conductivity. Usethecurvew =0
(dry) dong with the soil porosity to determine an appropriatevaluefor dry thermal conductivity.

Saturated Permeability in Typical Soils

k Drainage Sl Type
(cmfsec)
10° Good Clean gravels
10 Good Clean gravels
1 Good Clean sands
10! Good
10°% Good Meen sand and
10° Good Gravel mixtures
1o Good ,
Veryfine sands
10° Poor organic and inorganic
10° Poor silts, mixtures of sand silt
—_— and day, gladial ill.
107 Practically | Impervioussoils,for example
10° impervious | homogeneousdays below
107 the zone of weat heri ng.

Table13. Saturated Permeability in Typical Soils.

Description Porosity ~ Unit Weight
(n) g/cm”3 IblftA3
Uniform sand, loose 046 143 0
Uniform sand, dense 0.34 175 109
Mixed-gained sand, loose 040 159 99
Mixed-grained sand, dense 030 1.86 116
Windblown silt (Ioess) 050 136 85
Glacid till, very mixedgan 020 212 132
Soft glacid clay 0.55 122 76
Stiff glacia clay 0.37 170 106

Table14. Porosity and Unit Weight of Typical Soilsin Natural States.



Dy Heat Capacity: The heat or thermal capacity.of asubstanceisthe actual amount of heat

energy Q necessary to change the i’éﬁerature of aunit mass of the substanceby one degree. As
L with thermal conductivity the quantity of water in a soil mass has alargeimpact on the heat
capacity. TheIntegrated Climatic Model automatically adjuststhe heat capacity accordingto the
current moisture content of the soil.

Coefficient of volume compressibility: The coefficient of volume compressibilityis used in part

properly calculatethe moisturecontent. A valueof 1.0 for the coefficient of volume
compressibility is reasonable.

ry

in cal/{cm){hrX°C)
o B

Coefficient of thermal conductivity, K
[+ )

Porosity n, %

e s s w @ me g
2826 22 18 14 10 06 9/cm>it/m

Figure 14. Therma Conductivity versus porosity.
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Description  Heat Capacity

Sands 0.18 t0 0.20
Quartz sad 0.191
Kaolin 0.224
Mica 0.206
_ -~ . Sandstone 0220 _ ___
Limestone 0.216
Asphalt cement  0.20 to 0.40
PCC 0.21t00.24

Table15. Typica valuesfor dry hegt capacity.

Gardner'sfunctions: The unfrozen unsaturated water content is related to the negative pore
water pressure by the Gardener function as the " soil-water characteristic™ curve.

n

1+ 41

Where:

47:

&, = unsaturated water cortent

A, a= constants of the soil-water characteristic curve

n = parosity of then soll

|n| = the absolute vaue of the negative pore water pressure
expressed in centimeters of water head.

The unsaturated permeability of sgils is also represented by a Gardner function.

= _—k"
1+ A

k = unsaturated permeability

k, = saturated permeability

A, b = constants which represent the permeability
ver sus suctionrelationship for a soil

Ih| =the absolute value of the negative pore water pressure
expressed in centimetersof water head.
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" “greater than 1 x10e-4.

The U.S. Army CRREL Report tabulatesvaues of thevariables; n, A, Ay, a, b, k.. For
summariesof thesevaues seethetables Gardner's moisture content function (Table 16) and
Gardner's unsaturated permesbility function (Table 17aand 17b). Thevaue of the multiplier of
pore pressurefor Gardner's unsaturated permeability function(AKL) varies, accordingto the list
of soilsincluded in the CRREL Usar's Guide, fromalow of 1 x 10e-6 to a high of about 1.0. The
effect of AKL onthe predicted frost penetrationisreatively small. The effect of AKL on
predicted frost heaveislarge with no frost heave being predicted whenthevalue of AKL is

Thevaueof the pore pressureexponent for Gardner's unsaturated permesbility (XKL),
according to the soil list in the CRREL User's Guide, rangesfrom alow of 0.0 to greater than 5.0.
Theeffect of XKL isgreater on the predicted frost penetration than it is on the predicted frost
heave. Thelarger thevaue of the XXL input, the shallower the predictedfrost penetration. The
coefficients of Gardner'sfunctionfor volumetric water content al so have significant impact on
predicted frost behavior. The pore pressure multiplier for Gardner'sfunction for volumetric water
content (AWL) has ardatively smal effect on predicted frost penetration, whilehaving large
effectson predicted frost heave. The predictedfrost heaveisthe greatest when the value of AWL
istoward the middle of itsrange. The value of the pore pressure exponent for Gardner'sfunction
of volumetricwater content (XWL) has the smallest effect on predictedfrost behavior. Predicted
vaues of frost penetration change only dightly with varying values of XWL, whilethe predicted
vaue of frost heave does not vary at all.

Resilient modulus frozen/unfrozen: These edit boxes are used to input the resilient modul us of
the unfrozen and frozen materia layers. Another commonterm for the resilient modulusis
stiffness. Thelntegrated Climatic Modd assigns aresilient modulusto the nodesin the model
depending upon the nodal temperature. The resilient modulusfor soils can be reduced during
thaw using thefactor of resilient modulus reduction dueto thawing input variable. The Integrated
Climatic Modd requiresthe input of both frozen and unfrozenresilient moduli. Vauesfor the
frozen resilient modulus can beten times greater than the unfrozen modulus. The Integrated

Climatic Modd does not usethe resilient modulus calculationsfor any other analyss.



Ks = Unsaturated Permeability
AKL = Gardner's Unsaturated Permeability Function Multiplier
XKL = Gardner's Unsaturated Permesbility Function Exponent

No. Unified Ks AKL XKL
]
Class (cm/h)
GM-GCL GM-GC 0.005 0.00281 1344
T GMIT T GM T 72800~  6.58E-05 2962
GM2 GM 0.460 0.000369 2.721
GM3 GM 0.530 0.00463 2.013
GM4 GM 1.000 3.83E-06 3.847
GP1 GP 1.100 0.000276 2.644
GwW2 GW 5.500 2.033 1.078
GWwW3 GW 2.100 0.0349 2.645
SM5 SM 2.400 0.000431 2.903
SM13 SM 1.500 0.000391 3.088
SM14 SM 0.240 0.000 3.021
SM15 SM 1.920 0.000 4238
SM16 SM 1.300 0.000 4,002
SM17 SM 4.000 0.000 4.064
SM18 SM 0.770 0.000 4.873
SM19 SM 0.330 0.000 3.555
SM20 SM 5.100 0.002 2.959
SP3 SP -~ 1830 0.000143 3.485
Sw2 SW 1.600 1.25E-07 4.694
SW3 SwW 4.100 0.261 1.783
CL12 CL 0.006 0.351 0.954
CL13 CL 0.048 0.000866 1.789
CL14 CL 0.280 0.005 1.781
CL15 CL 0.180 0.043 0.478
CL16 CL 0.640 0.001 2.390
CL17 CL 0.400 0.103 1.870
ML-OL2 ML-OL 5.700 0.000402 2.852
MLI11 ML 0.770 2.78E-06 3.404
ML12 ML 0.400 1E-09 4355
ML13 ML 0.320 0.000 3.609
ML14 ML 0.042 0.000 2.360
ML15 ML 0.017 0.000 2.574
ML16 ML 0.063 0.000 2.854
ML17 ML 0.070 0.000 3.626
ML18 ML 0.260 0.017 1.547

Table16. Gardner's unsaturated permesbility 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 0.420 029  0.004 0.637
GM1 GM 0259 0206 0.152 0.269
GM2 GM 0382 0276  0.040 0.648
-—-GM3 —_GM . 0451 0311 0066— 0251
GMm4 GM 0.608 0.378 0.043 0.478

GP1 GP 0.255 0.203 0.065 0.550

GW1 Gw 0.443 0.307 0.390 0.302
GwW2 GwW 0.506 0.416 0.586 0.318
GW3 GwW 0.252 0.355 0.309 0.319

SM-SC1 SM-SC 0.656 0.396 0.013 0.770

SM1 SM 0.396 0.284 0.016 0.562
SM2 SM 0.619 0.382 0.010 1.023
SM3 SM 1.182 0.544 0.110 0.339
SM4 SM 0.655 0.396 0.039 0.468
SM5 SM 0.623 0.384 0.015 0.835
SM6 SM 1.024 0.506 0.011 0.671
SM7 SM 0.720 0419 0.023 0.548
SM8 SM 0.831 0454 0.208 0.436
SM9 SM 0.721 0.419 0.010 0.835
SM10 SM 0.818 0.450 0.018 0.806
SM11 SM 1.132 0.531 0.029 0.745

E-g SM12 SM 2.160 0.684 0.042 0.501
£ SP-SM1 SP-SM 0.574 0.365 0.048 0.769
SP-SM2 SP-SM 0.583 0.368 0.095 0.613
SP1 SP 0.712 0.416 0.054 0.790
SP2 SP 0.736 0.424 0.024 0.951
SP3 SP 0.818 0450 0.042 0.900
SP4 SP 0.583 0.372 0.076 0.665
SP5 SP 0.583 0.368 0.0583 0.809

SW-SP1 SW-SP 0.773 0296 0.012 1.082

Swi1 SW 0.551 0.355 0.162 0.552
SW2 Sw 0.664 0.399 0.000 1.982
SW3 SW 0.385 0.278 0.111 0616

cu1 CL 1.183 0.542 0.065 0.417
CL2 CL 0.621 0.383 0.000 0.976
CL3 CL 0.785 0.440 0.004 0.610
CL4 CL 0610 0.379 0.000 0.857
CLS CL 0.825 0452 0.018 0.523

Tablel1l7a. Gardner's moisture content function constants.



Unified Soil

No. Class e n AWL XWL
CL6 CL 0.964 0491 0.000 1.910
CL7 CL 0.808 0.447 0.000 1.593
CL8 CL 0972 0.493 0.028 0.344
CL9 CL 0.562 0.360 ©6.9E-06 1551

CL10 CL 0517 0.341 0.024 0.359
CL11 CL 0415 0.293 0.064 0.247
CL12 CL 0972 0483 0004 0.474

ML-OL1 ML-OL 1721 0.632 0.064 0.835
_._ML-OL2. ML-OL _0885. 0.469__ 0.000..  1.362

ML-CL1 ML-CL 0.692 0.408 0.066 0.365
ML-CL2 ML-CL 0.642 0.391 0.013 0.634
ML-CL3 ML-CL 0.645 0.392 0.001 1.052

ML1 ML 1.015 0.504 0.003 1.054
ML2 ML 1.067 0.516 0.000 1.257
ML3 ML 1.118 0.528 0.032 0.681
ML4 ML 1.558 0.608 0.065 0.411
MLS ML 0.880 0.468 0.000 1.018
ML6 ML 0.825 0.452 0.000 1.474
ML7 ML 0.783 0.439 0.012 0.575
ML8 ML 0.858 0.462 0.003 0.973
MLS ML 0.606 0.377 0.022 0.707

ML10 ML 2.163 0.684 0.038 0.610
ML11 ML 0.603 0.376 0.031 0.722
ML12 ML 0.821 0.451 0.000 2.059

Table17b. Gardner’s moisturecontent function constants

Material Unit Weight ResilientModulus  Resilient Modulus
(peh) (psi) (kg/om"2)

Crushed Limestone 140 200,000 14,060

Gravel 130 60,000 4218

Sand clay 125 30,000 2109

Compacted plasticclay 120 15,000 1054

L oose sand 110 8000 562

Soft plasticclay 90 4,000 281

Table18. Unit weight and resilient modulusof typical soils.

Poisson's Ratio frozen/unfrozen: The Poisson's ratio for frozen/unfrozen soilsisnot used for
any calculationsperformed by the Integrated ClimaticModel. It isincluded because some
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programsthat usethe Integrated Climatic Model output for their input requirea valuefor the
Poisson's ratio. For base course and subgrade materials, Poisson's ratios range from 0.10 for
rock, 0.25 for sandsand to 0.35 for plastic clays. Vauesof Poisson's ratio greater than or equal
to 0.5 should not be used.

Length of recovery period: Thelength of the recovery period controlsthe amount of timethat
the modulusis reduced for thawing soils. After freezing and then thawing some fine grain

~ subgrade materialsweeken: For-A-4 to A=7 soilsthelntegrated.-ClimaticM odel requiresthe user
to input the length of time it will take the materiel to regainitsfull strength. Onthefirg day after
asoil node hasthawed, that node will experiencetheful effect of the reduction in modulus. For
each subsequent day the material will regain a percentage of itslost strength equal to to inverse of
the recovery period. Thisvariableaffects the predicted modulus of the subgrade layers. Sixty
days isacommon length for the recovery period.

Factor of resilient modulusreduction dueto thawing: Thefactor of resilient modulus
reduction dueto thawing works in combinationwith the length of recovery period to model
stiffnessbehavior. After freezingand during thaw somefine grain (A4 to A-7) subgrade
materialsweaken. Allowablevaluesfor thefactor of resilient modul us reduction dueto thawing
range between 0 and 100. This variableisthe percent reduction in soil modulus after a soil
node's temperature climbs abovethe freezing point of water. The Integrated Climatic M odel
default valuefor thefactor of resilient modul us reduction dueto thawing is20.

I nitial temper atur eand por e pressur e profile

Usethelnitial Temperature and Pore Pressure Profiledialog box (Figure 15) to input/edit the
initial profilesof both temperatureand pore pressure. This dialog box displaysthe depth and
descriptionof each node, node number, whether output is generated for the node, temperatureand
pore pressure. The user with thisdialog box cannot edit the node number and depth. To change
the number and depth of the nodes usethe appropriateLayer Materia dialog box. Thisdialog
box can edit the followinginput parameters, output node, initial temperature profile, initial pore
pressure. The menu commandsallow the usersto quickly edit/input the initial temperatureand
pore pressure profiles.
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Figure 15. Initial temperatureand pore pressure profilesdiaog box.

To edit initial profiledatathe user must input/edit the valuesin the parameter edit boxes
abovethelarge list box. Usethe carriage return to enter the data and movetheinput focusto the
next data item. Data may also beinput into the parameter list box by entering avaluein the edit
box and then left clicking the mouse on another valuein the parameter list box. Dataitems may
be |eft temporarily blank, though they will need to be input/generated beforethe Integrated
Climatic Model will execute. Interpolating between the given input data using the Generate
menu command can later generatevaluesfor missing data.

Output -Initial Profiles. Usethis portion of thelnitial Profilesdialog box to determine for which
nodesthe Integrated ClimaticModel will generate output. A direct correlationexists betweenthe
number of nodesfor which dataisto be output and the size of the output file. Reducing the
number of nodes does not affectthe quality of the Integrated Climatic Model computations. To
select anodefor output, select the desired node number in thelargelist box. Theinitia settings
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for that node should appear in the edit boxes acrossthetop of thelist box. To changethe output
status of the node left click on the selection box labeled output. If a“X’ appearsin the box output
datawill be generated for that node. To select all nodes select Generate| Output Nodes| All
Nodesfrom the dialog box menu. To select only nodesat layer interfacesselect Generate |
Output Nodes | Layer Interface. To clear all nodesselect Clear | Output Nodes. A minimum of
one node must be output for the Integrated Climatic Model to work properly.

Initial Temperature Profile: Use this portion of the Initial Profiles dialog box to set the initial
temperatureprofilefor the Mode document. Aninitial temperaturemust be given for each node.
If theinitial temperatureprofileis not known it isrecommended that the temperature at the top
node should be set equal to the average monthly temperaturefor the first month of the time period
under consideration. Thetemperature at the bottom node should be set equal to the constant deep
ground temperature. To clear the initial temperature profileselect Clear | Temperature. The
Generate | Temperaturemenu command will fill in missing temperaturevaluesby linearly
interpol ating between previoudy input values.

Initial PorePressureProfde: Usethis portion of theInitial Profilesdialog box to set theinitia
pore pressure profilefor the Modd document. An initia pore pressure must be given for each
node. Theinitia pore pressureisequa to zero at the position of the water table. If the water table
is higher than the bottom node of the soil profile, a positivevauefor pore pressureshould be
used for the pore pressure profile at these nodes (cal culate 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 hydrostaticpressure. The pore pressureof the pavement nodes
should also be setto zero. Only one non-pavement node should have its pore pressuresset to
zero. Thisrepresentsthe current water table. To clear theinitial pore pressure profile select Clear
| Pore Pressure. The Generate| Pore Pressure | I nterpolatemenu command will fill in missing
pore pressurevalues by linearly interpol ating between previously input values.

Generate (Initial profde menu): Usethiscommand to generatetheinitia profile data of the
type selected. The Output Nodes command from the Generate menu of the Initial temperature
and pore pressure profilesdialog box, can mark nodesfor output in one of two ways. Selectthe
Layer Interfacescommand to mark only those nodesthat lie on the interface between separate
material layers. Selectthe All Nodes command to mark every node in the Integrated Climatic
Model pavement filefor output.



The Temperature command, from the Generate menu, creates ainitia temperature profile
by interpolaﬁng between input values. When interpolating an initial temperat—ure profilewith
only one temperature value input, that temperaturevalue will be set for the entire profile. If the
top and bottom nodes of the profileare eft blank the valuesfor these nodes will be set equal to
the value of the nearest node whose input valueis not blank. 1f no valuesfor initial temperature
profileare input, theinitial temperature profilewill be set equal to 50°F or to 10°C. The
interpolation routine will never overwrite a value input bethe user.

The Pore Pressure command, from the Generate menu, hastwo sub-commands. The
Interpolate command behavesthe 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. 1t isrecommended that
the user should not vary the amplitude of P (default 1.5) unlessthey have a firm understanding
of the theory behind this algorithm (Figure 18).

Running theIntegrated Climatic Model

Usethe Run | 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
Integrated Climatic Model then checks the input Model file (*.pav) for completeness. If any
required parameters are missing thelntegrated 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 thefile name, description, weather station and climatic region is
shown. Thisdialog box contains astatus bar showing the number of daysthe current run of the
Integrated Climatic Model has before it completes cal culationsfor the design period.

Duetothelarge computational requirements of thelM, only one Model document can be
processed at atime. Whilethe ICM is running, the user is unableto edit other Model documents.
User may still use other Window programs whilethe ICM isexecuting. It issuggested that

multiple copies of the Integrated Climatic Model not be run at the same timeon asingle
computer.
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Figure 18. Runni ng theIntegrated Climatic Model.
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CHAPTER 4
INTEGRATED CLIMATIC MODEL QUTPUT

QOverview

The usefulness of a computerprogramin pavement design and modeling is not entirely
dependent upon the accuracy of its predictions. Theability of an engineer to effectively usethe

~ datathat is output from a computer model is also important. The Integrated ClimaticModel

alowsthe user to createand manipul ateoutput filesin amyriad of ways. ThS alowsthe
engineer to extract the information needed to answer specific design questionsin useful forms.

The generd principal behind the Viewing Output Filesdial og box isthat the user should
select achoice or range of choices listed inthelist boxes of the View Output Files dialog box.
(Figure19). By using, the list boxesin the Viewing output files dial og box the user can generate

: T
% Temperature
- Water Content

+045Sep
<05 Sep
<056 Sep

Figure 19.View Output Filesdia og box



awidevariety of output files. When theIntegrated ClimaticModel is executed usingtheFile|
Run command on the main menu anumber of raw datafiles are created. Theseraw datafilesare
informs that are not easily utilized by the user. Thesefilescontain pavement datafor every
output increment spanning the analysisperiod and lack 1abelingthat would allow them to be
directly used. Through useof the Viewing output files dialog box the user extracts subsets of the
largeraw datafiles. When generating output files, the ICM attachestitles and labelsto the
subsets of data extracted from the raw datafiles. ThelCM aso usesa format for output data that
alowsthis datato be directly imported into spreadsheet applications stich as Microsoft’s Excel @
or IBM’s Lotus 123®. ThelCM can also create plotsof output data. The user can easly

manipulatethe output data plotsthat thelCM generates. The plot titles, legends, and scaling are
al 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. TheViewing @Qtput Files dialog box alowsthe user
to create and manipulate output filesin amyriad of ways. Thegeneral principa behind the
Viewing Output Files dialog box isthat the user should select a choice or achoicerange from
each of the Viewing output files list boxes. For detailed instructionson the use of theselist boxes
in the generation of output files seethe subsection of this chapter entitled Parameter Selection.
Graphing and tableoptions are described in detail in the subsection entitled Graph/Table options.
A short description of the Viewing output files dialog box buttons is included hereto aid the user
in generatingoutput files.

Graph/Table: Selectingthisoptioncreatesaplot of the selected output data To control the plot
appearance select Optionsin the View Output Files dialog box. The control parametersof the
Graphing/Tabular Option dialog box are the default values that are used when generating a plot.
Theuser can later changethese parameterson a plot by plot basis.

Tables Only: Selectingthis option of the View Output Files dialog box generates only tables of
the selected data. Once atableis created, the Integrated Modd is unableto generate a plot from
that output file. To generate aplot, the user will need to select the desired output parameters
again and chose the Graph/Tables option. For each tablethat is generated, afilewith adefault
namewill also be created. Thisfileisstored in the same directory astheraw output data The
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defaultfile name will bethe same as the associated Model document file with the current default
file number appendedto it. Thefééﬁiension attachedto thesefilesare (*.txt). Clickingthe
Options button of the Viewing Output Files dialog box allowsthe user to changethe current
defaultfile number.

Quit: ClosetheView Output dialog box. It isnecessary to closethis dialog box in order to
interact with the plots.

Options: Allowsthe user to set the defaultsthat control the creation of Integrated Model output
plotsand tables.

<< Add: Adds selected output parametersto the Tablesto be generated list box.
Delete>>: Removesyet to be created tablesfrom the Tablesto be generated list box.

View Tables: Opensa WindowsExplorer box displaying the output directory of the current
model. The user may select any of thefilesin thedirectory to view. Eachtablein the directory
has a default name created by the Integrated Model. Thesefilesare stored in the samedirectory
astheraw output data. The default file name will be the same as the associated Model document
filewith the current default file number appendedto it. Thefiletype will be (*.txt). Filesthe
user selectsare opened with the defaulttext viewer.

Thedirectory for each Model document contains the raw output datathat the ICM
generates. Thefiles generated are asfollows. Temperature (*.tem), Resilient Modulus (*.mod),
Pore Pressure(*.por), Water Content (*.wat), Thermal (*.thm), Min/Max Thermal (*.crl), and
Drainage (*.dm). Thesefilesare used by the Integrated Model to create user specified output
filescontaining subsetsof theraw data. The user should not modify thesefiles. Modifyingthe
raw datafiles may cause errorswhen creating user specified output files.

Parameter selection and graph/table creation

To generatea table or a plot, the user must select one or more choicesfrom the list boxes
that are shown. If the user wishesto generatemorethan onetable/plot at atime, click the Add
button to add desired data to the Tablesto be Generated list box. After selecting values from the



available list boxes, click on either the Compile Graph/Tables button or the Compile TablesOnly
button. To delete atable from the Tables to be generated list box, highlight the tableto be
deleted and pressthe Delete button in the dialog box.

To generateasingletable/plot, the user can select the appropriate parameters and select
either the CompileGraph/Tables button or the Compile Tables Only button without clicking the
Add button first. For more information on the definitionsand use of the list boxes seethe
following subsecfions, Output Type, Parameters, Node/Depth, Date/Time.

Output Type (single selection)

The Output Type list box controlsthe structure of the output file that is generated. Only
onetype of output may be chosen at atime. The user is not allowed to MX output types
(example: chose Nodal and Profile output types). The following output types are available:

Nodal: Output dataat a specific node over a period. All available nodes, setinInitial Profiles
dialog box, can be output. Upto six nodesmay be plotted on asingle graph. Up to 300 nodes
can beplaced in atable. For nodal output, a parameter, a number of nodes and the date for which
the dataisto be output isrequired. If asingledate is highlighted all the data for the selected
nodeswill be output for the entireday. If more than one day is highlighted, the Integrated Model
will createatable containing data from the earliest date highlighted till the latest day highlighted.
If amonth is highlighted, datafor the entire month will be output. If ayear is highlighted, data
for the entire year will be output.

Profile: Outputs datafor all nodesat a specifictime. TheNode/Depth list box will not be present
if aProfiletypeisselected. For each individua Date/Time 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 isselected and

not an individua date, the date and time for output will be that chosen under Options button in
the Viewing Output diaog box.

Thermal Gradient: Outputsthermal gradient data over aperiod. Thethermal gradient output

varies depending upon the pavement profile. For asingle pavement layer consistingof AC or
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PCC materials, thethermal gradient refersto the temperaturedifferential between thetop and
bottom of the pavement divided by the pavement's thickness. For aPCC pavement with an
asphalt overlay thethermal gradient isdefined as the temperaturedifferential between thetop and
bottom of the PCC layer divided by thethickness of the PCC Layer. Selecting Time period in
the Parameterslist box outputs continuousthermal gradient data. Selecting
Maximum/Minimum in the Parameterslist box outputsonly the maximum and nini num
thermal gradientsfor each day inthe period.

Curl Strain: Outputscurl strain dataover aperiod. Curl straindatais directly related to thermal
gradient values using the Coefficient of Expansionfor PCC variable. Curl stran dataisonly
availablefor pavements containing a PCC layer. Selecting Time period in the Parameterslist box
outputs continuous curl strain data. Selecting Maximum/Minimum in the Parameterslist box
outputs only the maximum and minimum curl grain valuefor each day in the period.

Frost: Outputsfrost dataover a period. Frost penetration dataincludesfreeze and thaw depths
for the pavement profile.

Inputs. Allowsthe user to create output filescontainingall or some of the data input for a
specificmodel.

Drainage: Createsan output file containingthe data generated by the Infiltration and Drainage
module.

Parameters (multiple selections)

The Parameterslist box controlsthe type of datathat output filecontains. Severa parameters
may be chosenat onetime. Thelntegrated Model generatesa separate graph/table for each
parameter selected. Thefollowing parametersare available:

Temperature: Thetemperatureat a given node at agiventime. This selectionisavailable under
both the profile and nodal output types. Unitsfor the temperatureare °F (English) or °C (metric).



Water Content: Thewater content at a given nodeat agiventime. Thisseectionisavailable
under both the profileand nodal output types. Output is the percent water content in decimal
form. 0.50 isequal to 50% water content.

Pore Pressure: The pore pressureat a given node a agiventime. Thisseection isavailable

under both the profile and nodal output types. Unitsfor the pore pressureare lb/in® (English) or
kg/cm2 (metric).

Resilient Modulus: Thereslient modulusat agiven nodeat agiven time. Thisselectionis

available under both the profileand nodal output types. Unitsfor the resilient modulusare 1b/in”
(English) or kg/em? (metric).

Maximum/Minimum: Createoutput filethat containsdaily maximum and minimum values over
the selected time period aswell asthe time of day that they occur. Availablefor thethermal

gradient and curl strain output types. Unitsfor thermal gradient are (°F/in English) and (°C/cm
metric).

TimePeriod: Create output file that containsal of the values over the selected period. Available
for thethermal gradient and curl strain output types.

Heave: Create outpuit file that containsthe amount of fiost heave over the selected period.
Availablefor the frost output type. This parameter includes the maximum, mean and minimum
predicted frost heave in the output file. All frost heave valuesare positive. TheIntegrated Model
does not allow frost settlement. Unitsfor frost heave are inches (English) and centimeters
(metric).

Penetration: Create output filethat containsthe fiost and thaw depth over the selected period.

Avallablefor thefrost output type. A thaw depth equal to the depth of the modd indicatesthat

the soil is completely thawed. Unitsfor frost penetration are inches (English) and centimeters
(metric).

Both: Createoutpuit filethat contains both heave and penetration.

Model: Outputsmode control variables. Availablefor input output type.
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Climatic: Temperature, wind speed, percent sunshine, and rainfall data inputs. Availablefor
input output type.

Infiltration: Outputs infiltration and drainage variables. Availablefor input output type.
Thermal: Outputsthermal variables. Availablefor input output type.

Layer: Outputsinput variablesfor all material layers. Availablefor input output type.

Profile: Outputsinitial temperature and pore pressure profiles. Availablefor input output type.

All: Outputsall input datafor the Integrated Model. Availablefor input output type.

Node/Depth (multiple salection)

The Node/Depth list box controlsthe nodesthat are displayed usingthe Nodal output
type. All nodesthat are available, set in the Initia Profilesdialog box, can be output. Up to six
nodes may be plotted on asingle graph. Upto 300 nodes can be placed in atable.

The user can select multiple nodesin several ways. To select continuous nodes the user
should pressthe shift key while selecting the desired nodes. The highlighted rangeisincluded in
the plot/table. The user may also pressthe control key and then select various nodes (continuous
and non-continuous). Nodesin the list box will continueto be highlightedas long as the control
key is depressed.

Time (multipleselection)

TheDate/Time list box controlsthe day(s) that datais output. Input inthislist box is
required for several output types. The user can expand and contract the valuesin the Date/Time
list box by clickingon thevalue. A value preceded by (+) can be expanded and a val ue preceded
by a(-) can be contracted. Thelongest period that is selectableisayear. Theshortestisa
hour/minute. A date/time valueis availablefor every output time increment within the analysis
period. Selecting the various date/time val ues have a different effect depending upon the output



typeselected. A datetime preceded by a (-) can not be chosenfor an input value. Contract the
datein question, then highlight the value to includethe value within arange. The user may
change the Output time increment in the Integrated Model initialization.

Nodal: If asingledateishighlighted &l the datafor the selected nodes will be output for the
entireday. |f morethan one day ishighlighted, the Integrated Model will createatable
containing data from the earliest date highlighted till the latest day highlighted. If amonth is

~ highlighted, data for the entire month will be output. If ayear ishighlighted, data for the entire
year will be output.

If asingledate/time ischosen, datafor that date/time will be output. If afully expanded
dateltirneis used for the gart or end of a period, the Integrated Model will treat the input value as
date input, ignoringthe hour. If only months are highlighted the output period will extend from
the first day of thefirst highlighted month till the last day of the last highlighted month (example:
March - May-yields March 1 to May 31). If theanalysisperiod starts midway through a month,
and a month is selected dates from the start of the analysis period to the end of the month are

output. (Example: The analysisperiod starts on January 15 and extends for 90 days. If (+Jan) is
selected the days January 15 to January 31 isoutput.)

Profile: Outputs datafor all nodesat a specific time. For each individual date/time selected a
profilewill be generated. If only the day is selected and not an individual time, thetime of day
for output will bethat chosen under Options button in the Viewing Output dialog box. If only the
month is selected and not an individua date, the date and time for output will be that chosen
under Options button in the Viewing Output dialog box. If severa date/times are selected,

profilesfor each of them will appear in the same graph/table. A maximum of six date/time values
can appear on asingle graph.

Thermal Gradient: If asingledate is selected the thermal gradient for that day is output. If
morethan one day ishighlighted, the Integrated Model will createa table containing data from
the earliest date highlighted until the latest day highlighted. | famonth is highlighted, datafor the
entire month will be output. If ayear ishighlighted, datafor the entire year will be output.

Curl Strain: If asingle date is selected the curl srainfor that day isoutput. If morethan one day
is highlighted, the Integrated Modd will create atable containing data from the earliest date



highlighted to the latest day highlighted. If a month is highlighted, datafor the entire month will
be output. If ayear is highlighted, datafor the entireyear will be output.

Frogt: If asingledate is selected the frost datathat day is output. If morethan one day is
highlighted, the Integrated Model will create atable containing datafrom the earliest date
highlighted to the latest day highlighted. If amonth is highlighted, datafor the entire month will
be output. If ayear ishighlighted, datafor the entireyear will be outpuit.

The user can select multipledate/times in several ways. To select continuous nodesthe
user should pressthe shift key while selecting the desired date/times. The highlighted range is
included in the plot/table. The user may also pressthe control key and then select various
date/times (continuousand non-continuous). Date/times in the list box will continueto be
highlighted as long as the control key is depressed.

Graphing/Tabular Options

The Graphing/Tabular Options dialog box (Figure 20) controlsthe default structure of
ICM tablesand plots. ThelCM displays only datathat falls within the scaling limits. Datathat
fallsoutsidethe scaling limitsstill exist within the plot but is not visible. Linesare not drawn to
pointsthat lie outside the scaling limits. Usethe scaling section of this dialog box to changethe
default scaling limitsfor al plotsof agiventype. To changethe scaling limits on a plot by plot
basi s see the Scaling menu command.

Check Box: If the box in front of variabletype is checked, then the listed scaling limitsapply. If
the box is unchecked, the Integrated Model setsthe scaling limitsto ensurethe display of all
output data. Thescale limitsand tick marks that the Integrated Model automatically selectsare
not optimized for appearance.

Minimum and Maximum: Theseedit boxes control the minimum and maximum plot scaling
limits. ThelCM only displaysdata that falls between the minimum and maximum scaling limits.
Datathat is outside of thisrange isnot displayed. If al the data lies outsidethe range, no data is
displayed. Note: Scaling limits can be set to positive or negative values, includingdepth. A
negative depth is used when plottingfrost heave. A minimum and maximum date can not be set.
TheCM automatically sets the date scaleto display the entire output range.



Major Tick Marks: These edit bﬂg control the spacing of grid linesand the number of value
labelsthat appear on thex and y-axis. Smal tick mark valuesincreasethe number of grid lines

1| ~Weather Stati¢
Climatic Regil

Figure 20. Graphingand Tabular Optionsdialog box.

present and reduce their spacing. If the scaling range is not evenly divisible by thetick nark
value, the maximum scaling limit will not have avalue attached to it. For example, the user sets
the minimum valueat 0, the maximum value of 90, and atick mark value of 20. Theeffect on the
plot isthat therewill bevaueson theaxisat 0, 20, 40, 60 and 80. The grid line spacing between
80 and 90 will be half that of the othersand the 90-grid line will be unlabeled.



Output at selected date/time: This check box signalsthe Integrated Model to usetheinput
vauesfor daily and monthly outputs instead of the default values (0800 and first of the month).

Time of day for output: Thisvalueisthetimeof day when aprofileisoutput if only the dateis
selected in the Date/Time list box in the View Output dialog box.

re :l
i

Day of month for output: Thisvaueisthe day of the monthfor which aprofileisoutput if only
"~ the month-is s¢lected ifi the Date/Time list box in the View Output dialog box; If thisdate does
- not liewithin theanalysis period for a given month, no profileis generated.

| { Grid lines X and Y -axis. Usethese check boxesto control thedisplay of the dotted grid lines. A
checked box displaysthegrid lines. The user can display none, x-axis, y-axisor x and y-axis grid

lines.
Graph using lines: Draw lines between data pointsthat are within the scaling limits.

Graph using points: Draw pointsfor each datavauethat are withinthe scaling limits. Each
— dataserieswill have a different style point. Thelegend denotes which points represent which

series. Note: the user may not deselect both show graph pointsand graph lines. Thetwo check
id boxeswill toggle

Include legend: Addslegend to the graph along right margin of the plot. Listseach data series
along with adescription of the series. Using multiple series without the show graph point option
tendsto makethe legend rather confusing. The Integrated Model does not use different linetypes
to distinguish plots.

Graph linethickness: Allowsuser to select the thickness of the line connecting data val ues.

17 ;]

g
kond o,

Current number appended to output file: This number is used along with the Model document
filenameto create adefault name for output files. This number can be any number grester than
zero. Resetting thisvariableto zero causes old output filesto be overwritten without warningthe
user.
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View/Print Options

The View Tables button on the View Output dialog box 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 has a default name created by the Integrated Model.
These files are 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 file typewill be (*.txt). "Files the user selects are opened with the default fext viewer.

Integrated Model tables are tab separated, which allows them to be imported into other programs
such as Microsoft’s Excel ® or IBM’s Lotus 123 ®.

The directory for each Model document contains the raw output data that the Integrated
Model generates. The files generated are as follows: Temperaturé (*.tem), Resilient Modulus
(*.mod), Pore Pressure (*.por), Water Content (*.wat), Thermal (*.thm), Min/Max Thermal
(*.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 modify these files.

Modifying the raw data files may cause errors when creating user specified output files.

The Integrated Model plot document is a graphical display of the data generated by the
mode]. Users may view and edit multiple plots simultaneously. Users may created plot
documents (*.plt) by using the View Output dialog box. To view and/or edit an existing plot use
the Open command on the File menu. The user has the ability to print generated plots using the
Integrated Model. Plots are automatically sized to fill the entire print area. Only one plot is

printed per page. To view the main menu activate/open a pavement profile window.
Improving plot appearance

Sometimes the plots that are generated by the ICM are substandard and do not convey the desired

information. Listed here are a few tips to improve the appearance of generated plot files.

Off center data: The scale settings have a major impact on the appearance of a plot. If all of the
plotted data is mashed in one location on a graph, the scale is probably too large. Remember to
reset the scaling factors when switching from metric to English units. The Integrated Model does
not automatically change the scaling factors when the unit type is changed.
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No data plotted: The data did not fall within the range of the scale used. To reset the scale for a
single plot, use the Edit | Scale menu command. Set the default scaling factors using the
Graphing/Tabular Options dialog box.

Missing Data: Some of the data did not fall within the range of the scale used. Lines are not
drawn to data outside the scaling limit.

Crowded plot: The plot has too many data points. Create another output file without as many
data points. Set scaling limits to exclude extra data on existing plots. This is particularly useful
when viewing thaw penetration. Lines drawn to show that the model is completely thawed clutter

a plot.

Missing labels: Graph titles and axis labels are not properly printed on some types of printers
with certain settings (HP LaserJet). This occurs when the printer is using soft fonts to print
Windows True Type fonts. To correct the problem change printer settings to “Print True Type

fonts as graphics” under printer properties.

Grid Spacing: The spacing of the grid lines in a plot is controlled by the scale settings. Change

the major tick mark spacing to change the spacing of grid lines.
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CHAPTER S
INTEGRATED CLIMATIC MODEL COMMANDS

Commands

The Integrated Climatic Model contains several commands that improve usability of the
program. These commands affect both input and output. These commands can be found on the

main ICM menu and are presented in this chapter.

Print / Print Preview

Use the print command to print 2 model document (*.pav) or a plot document (*.plt).
This command opens a Print dialog box, where the user specifies the orientation of the page to be
printed, the number of copies, the destination printer, and other printer setup options. The default
orientation for a model document is portrait mode. The default orientation for a plot document is
landscape mode. All documents printed by the ICM are a single page in size. The ICM adjusts
the scale of the document to ensure that it fits on a single page. The model document scale is
added to the top of a model document when it is printed. Depending upon the unit setting, the

scale length is one foot for English units or one meter for metric units

The Print preview command displays the active document, as it would appear when
printed. When you choose this command, the main window will be replaced with a print preview
window in which a page will be displayed in its printed format. The print preview toolbar offers

you options to zoom in and out of the page; and initiate a print job.
Defaults

The Set Default command sets the default values for the material layers. There are two
submenus associated with the Set Default command, Materials and Restore Initial commands.
The Materials command allows the user to set the default material properties for material layers
that the ICM uses when the Add Layer command is selected. The ICM opens the appropriate
material dialog box for the material type selected. Default values for the material layers can also

be set while editing individual layers by using the specific material layer dialog box menu.
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The Restore Initial command to reset the material default values to the values that were installed

when the Integrated Model was setup. This command can restore a corrupted default value file.
Units

The Units command sets the units that the ICM uses for calculations. Selecting English
will cause all input/output to be in English units. Selecting Metric will cause all input/output to

. be in Mefric units. When this cominand is executed the ICM converts all Current input data. Care

should be taken not to convert between units multiple times as this can cause small conversion or
round off errors. When the units of the ICM are changed it will be necessary to run the ICM

again because current output files are not converted.

English Metric Conversion
Temperature Fe ce Fo=32+(1.8*C°
Precipitation inch cm inch = cm/2.54
Wind Speed mph km/hr mph = (km/hr) / 1.609
Modulus Ib/in® kg/cm® Ib/in® = (kg/cm®) * 14.2234
Suction Ib/in? kg/cm® Ib/in® = (kg/cm?) * 142234
Convection BTU/ hr-ft-F°  cal/cm-sec-C°  BTU/ hr-ft-F° = cal/em-sec-C° / 14.90
Length/width inch cm inch = cm/2.54
Thermal Conductivity BTU/ hr-ft-F° cal/cm-sec-C®  BTU/ hr-ft-F° = cal/cm-sec-C° / 14.90
Heat Capécity BTU/ Ib-F° cal/g - C° BTU/ Ib-F° = cal/g -~ C°
Unit Weight b/ g/cm’ Ib/f® = 62.4 * (g/cm®)
Saturated Permeability ft/hr cm/hr ft/br = cm/hr / 30.48

Table 19. The Integrated Climatic Model input and output variables and conversions.

Change Font

The Font command allows the user to change the font that pavement model document
displays. A Change Font dialog box allows the user to choose the type and size of font to use.
The ICM is capable of using all Windows’ True Type fonts. Changing the font affects the size of
the printed pavement model document. The ICM sizes the smallest layer to exactly display two
lines of text when printing. If this sizing causes the model document to require more than a

single page the ICM reduces the size of the font used to ensure that the model document will print
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on a single page. There is a minimum size that the ICM will use for printed text. If the size of
the printed document does not allow for both the material type and description to be printed, only
the material type is printed. If the layer is very small, the ICM does not print any description with

the material layer.

Color

~ The Color command allows the user to toggle the screen display and printing output
between the color and black and white modes. The ICM will print in color if a color printer is
used and the Color command is selected. The Black and White command should be used for

laser and other non-color printers.

Plotting Commands

The plotting commands appear on the ICM main menu when a plot document is active.
The plotting commands available on the Edit submenu are Title, Scale, and Lines/Points. The
plotting commands allow the user to change the appearance of previously generated plots. Using
the plotting commands changes the appearance of the active plot and does not change the default
appearance of new plots. To change the default appearance of all new plots see Graphing/Tabular

options in Chapter 4.
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~ CHAPTER 6
INTEGRAPED CLIMATIC MODEL EXAMPLE

Overview

The purpose of this chapter is to show an example model including input, execution, and
output of the Integrated Climatic Model. . Included in this chapter is a sample input file and the

output generated from that file. The input pavement model shown in this chapter is included with |
the Integrated Climatic Model Version 2.0 installation. The sensitivity of the Integrated Climatic

Model to various input variables is also discussed in this chapter.

For demonstration purposes the climatic data for Champaign/Urbana Illinois is included
with the ICM installation files. The climatic data used in this example was collected at the
Illinois State Water Survey on the campus of the University of Illinois over the period from
September 1996 to August 1997. The pavement model consists of-a PCC pavement with an
asphalt concrete overlay. The base course material is well-graded gravel with an AASHTO
classification of A-1. The subbase material is compacted glacial till over an undisturbed glacial

till subgrade with a classification of A-7.

Input File

The name of the input file for this example pavement model is Urbana.pav. The example
Integrated Climatic Model pavement model included in this chapter uses English units. The
pavement model is for the period September 1996 to August 1997. A time increment for the
finite difference calculation of 0.1 hours is used. The time increment for output for the example

pavement model is 1.0 hours.

The following section of this chapter includes an example printing of an Integrated
Climatic Model pavement document (Figure 20) and a complete listing of the Urbana.pav input
variables (Tables 19-25). The ICM is used to generate all tables and figures included in this
chaptér. The percent sunshine value are as follows, clear (100%), partly cloudy (50%) and
cloudy(0%).
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: W_eathfar Sta’qon:Use.r Defined One Foot
~ Climatic Region:Region I-A
" 'Description:Urbana IL - Integrated Model example.

_ o Asphalt
Asphalt concrete overlay.

o PCC
o PCC pavement.

B .

e A-1
o Well graded gravel. A-1
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Sandy gravel. A-3. Silt and clay fines
20%.
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Figure 21. Example Integrated

i | Climatic Model] pavement document.
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Climatic Inputs
Date Max Min Rain Wind %Sun  Lower  Sunrise  Sunset
Temp Temp Speed Suction
et 01 Sep 1996- 84.0 62.0 0.00 19 100.0 0.00 05:30 18:28
02 Sep 1996 8.0 62.0 0.00 2.1 50.0 0.00 05:31 18227
— 03 Sep 1996 84.0 65.0 0.00 1.1 0.0 0.00 05:33 1826
B 04 Sep 1996 850 630 000 238 100.0 0.00 0534 1825
U 05 Sep 1996 8.0 67.0 0.00 39 50.0 0.00 05:36 18:23
06 Sep 1996 8.0 670 0.00 3.4 0.0 0.00 0537 1822
) 07 Sep 1996 79.0 66.0 1.73 1.8 0.0 0.00 0538 1821
i ] 08 Sep 1996 83.0 63.0 0.17 23 0.0 0.00 05:39 18:19
‘ 09 Sep 1996 79.0 64.0 0.00 3.0 50.0 0.00 05:40 18:18
10 Sep 1996 82.0 60.0 0.00 1.7 100.0 000 0542 1817
11 Sep 1996 —830-——59:0 - - -0.00 ——4:6-— - 500- ——0.00. —05:43--- -18:16 -
12 Sep 1996 710 510 0.00 55 100.0 000 0544 1815
13 Sep 1996 660 450 0.0 47 100.0 0.00  05:46 1813
ZE 14 Sep 1996 670 420 0.0 5.0 100.0 0.00 0547 1812
15 Sep 1996 700 450 0.00 27 0.0 000 0548 1801
16 Sep 1996 66.0 520 0.0 62 0.0 000 0549  18:09
17 Sep 1996 720 510 0.00 5.8 50.0 0.00  05:51  18:08
18 Sep 1996 740 490  0.00 34 100.0 000 0552 1807
19 Sep 1996 750 470 0.00 19 100.0 000  05:54  18:05
20 Sep 1996 7200 500 007 3.7 0.0 000 0555  18:04
It 21 Sep 1996 74.0 54.0 0.04 27 0.0 000 0556 1803
y 22 Sep 1996 790 480 0.00 5.1 100.0 000  05:57 1801
L 23 Sep 1996 65.0 52.0 0.03 21 50.0 000  05:58  18:00
24 Sep 1996 73.0 52.0 0.00 39 100.0 000  06:00  17:58
— 25 Sep 1996 700 470 0.00 3.6 0.0 000  06:01  17:57
: 26 Sep 1996 70.0 550 072 9.0 0.0 000  06:03  17:56
i 27 Sep 1996 640 490 046 6.4 0.0 000  06:04  17:55
28 Sep 1996 66.0 430  0.00 59 100.0 000  06:05  17:54
29 Sep 1996 750 430 0.00 42 100.0 000  06:06  17:52
o 30 Sep 1996 75.0 450  0.00 32 100.0 000  06:08  17:51
» 01 Oct 1996 780 460 000 5.9 100.0 0.00  06:09  17:49
= 02 Oct 1996 770 470 0.00 72 50.0 000  06:01  17:48
03 Oct 1996 580 400 0.0 52 100.0 000 0612  17:47
£T 04 Oct 1996 640 380  0.00 29 50.0 0.00 0613  17:46
LE 05 Oct 1996 740 420 000 34 50.0 0.00 0614 1745
s 06 Oct 1996 76.0 450 0.0 3.7 100.0 000  06:16  17:43
07 Oct 1996 760 440  0.00 42 50.0 000  06:17 1742
08 Oct 1996 500 420 016 4.5 0.0 0.00 0618  17:40
H 09 Oct 1996 620 350 0.0 33 0.0 0.00 0619  17:39.
10 Oct 1996 530 360 000 4.6 50.0 000 0621  17:38
11 Oct 1996 61.0 310  0.00 4.6 100.0 000 0622 1737
12 Oct 1996 740 450 000 82 50.0 000 0624 1735
- 13 Oct 1996 810 520 000 7.4 50.0 000 0625  17:34
, 14 Oct 1996 81.0 530 0.00 19 100.0 000 0626  17:33
— 15 Oct 1996 790 490  0.00 5.2 100.0 000 0627  17:31
16 Oct 1996 760 500 0.0 4.8 50.0 000 0628 1730
_ 17 Oct 1996 780 450 041 9.5 50.0 000 0630 1729
E 18 Oct 1996 580 340 000 7.6 100.0 000 0631 1728
19 Oct 1996 590 310  0.00 22 100.0 000 0633 1726
20 Oct 1996 6.0 320 000 3.0 50.0 0.00 0634 1725
. 21 Oct 1996 67.0 51.0 0.0 3.1 0.0 0.00 0635 1724
F3 22 Oct 1996 620 400 058 8.3 0.0 000 0636 172
R 23 Oct 1996 450 360 015 11.0 0.0 000 0637 1721
- 24 Oct 1996 640 360 000 53 100.0 000 0639 1720
25 Oct 1996 680 380  0.00 6.6 100.0 000 0640  17:19
1 26 Oct 1996 690 540 000 6.5 0.0 0.00 0641  17:18
27 Oct 1996 680 530 001 55 50.0 000 0642  17:16
~ 28 Oct 1996 610 460  0.00 3.1 50.0 0.00 0643  17:15
29 Oct 1996 7.0 490 024 12.7 0.0 000 0645  17:14
l: Table 20. Climatic data input - partial. Table created using the View Output dialog box
|
i
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Urbana IL - Integrated Model example. - Model contro! information.
Integrated Model file name = Urbana.pav

Climatic Region = Region I-A
Weather Station = User Defined

: First day in analysis period = 01 Sep 1996
Number of days in analysis period = 365
Time increment for output = 1.00
re Time increment for calculation = 0.10

Table 21. Model control and initialization data.

Urbana IL - Integrated Model example. - Infiltration parameters
Infiltration properties
Linear length cracks/joints one side of pavement = 100.00

- e
Beir ey

Total length surveyed for cracks and joints = 100.00
Type of fines added to base course = Inert filler

¥ '__J Percentage of fines added to base course= 0.0

da Percentage of gravel in base course = 70.0
Percentage of sand in base course=  30.0

i One side width of base =  25.0

Slope ratio/base tangent value (percent) = 2.0
Pore pressure transfer coefficient = 0.01
Internal boundary condition = Suction

A

r3 Evaluation period (years) = 10
g Constant K for intensity-duration-recurrence equation= 0.30
o Power of recurrence interval =  0.25
- , Power of rainfall duration= 0.75
Shape constant for rainfall intensity-period curve =  1.65
q Table 22. Infiltration and Drainage input variables.
L

=
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Urbana IL - Integrated Model example. - Thermal parameters.

Thermal properties

Modifier of overburden pressure during thaw = 0.50

Emissivity factor = 0.90

Surface short-wave absorptivity = 0.85

Cloud base factor = 0.85

Maximum convection coefficient = 3.00

Coefficient of variation unsaturated permeability = 1.00

Time of day when minimum air temperature occurs = 4.00
—Time-of day when-maximum-air temperature-occurs =-15.00— —-—-

Upper temperature limit of freezing range = 32.0

Lower temperature limit of freezing range = 30.0

Table 23. Thermal input variables.
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Initial temperature and pore pressure profiles.

Node DepthTemperature Pore Pressure
0 0.00 70.0 0.00
1 2.00 69.7 0.00
2 4.00 69.4 0.00
3 6.00 69.1 0.00
4 8.00 68.9 0.00
5 10.00 68.6 0.00
6 12.00 68.3 0.00
7 14.00 68.0 0.00
8 17.00 67.6 -5.00
9 20.00 67.2 -4.88
10 23.00 66.8 -4.76
11 26.00 66.4 -4.65
12 32.00 65.6 -4.41
13 38.00 64.7 -4.18
14 44.00 63.9 -3.95
15 50.00 63.1 -3.72
16 62.00 61.5 -3.25
17 74.00 59.8 -2.79
18 86.00 58.2 232
19 98.00 56.5 -1.86

20 110.00 549 -1.39
21 122,00 53.2 -0.93
22 13400 51.6 -0.46
23 146.00 50.0 0.00

Table 24. Initial temperature and pore pressure profiles.
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Layer Number = 4

™ Layer Type= A-3

Descripdon = Sandy gravel. Silt and clay fines 20%.

Thickness = 240

Number of elements= 4

Porosity of layer material = 030

Saturated permeability= 001
_ Dry unit weight of layer material = 11000 _ _

Dry thermal conductivity= 034

Dry specifichest = 0.20

Coefficient of volume compressibility = 050

Unfrozen resilient modulus= 20000

Unfrozen Poisson'sratio= 025

Frozen resilient modulus= 50000

FrozenPoisson'sratio= 025

Gardnef s unsarurated permesbility function multiplier = 0.000001
-y Gardnefs unsaturated permeability function exponent = 4.500000
i Gardner's moisture content function multiplier = 0.020000
iy Gardnef s moisture content function exponent = 0.800000

.k

Layer Number=5

Layer Type= A-7

Description = Glacial TIil

Thickness= 96.0

Number of elements =8

Porosity of layer material = 030

Saturated permeability= 000

Dry unit weight of layer material = 120.00

Dry thermal conductivity= 034

Dry specificheat= 017

Coefficient of volume compressibility = 1.00

Unfrozen resilient modulus= 25000

UnfrozenPoisson'sratio= 025

Frozen resilient modulus= 100000

Frozen Poisson'sratio= 025

Gardnef s unsaturated permeability function multiplier = 0.000010
Gardner's unsaturated permeability function exponent = 3.000000
Gardner's moisture content function multiplier = 0.070000
Gardner's moisture content function exponent = 0.900000
Recovery period = 60.000000

Reduction in resilient modulus due to thawing = 20.000000Layer propertics
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Table25b. Materia layer properties.
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Output Files

>

Asademonstration of the versatility of the Integrated ClimaticModd anumber of output
plots, generated from the Urbana.pav input file, areincluded in this section. TheICM View
Output dialog box givesthe user aflexibletool to extract useful informationfrom the large output
data setsthat the ICM generates. BeforethelCM can generateoutput filesthe user must File|
Run theinput file (Urbana.pav).

Figure22. A temperature versustime plot for the month of October a depthsof 0, 14 and 26
inches. For dl of thelCM plotsa maximum of six nodesmay beplotted & once, though only
three are displayed onthisplot. Nodesin excessof six are not displayed, but appear in thetable
that is generated along with the plot. The following selectionsfrom the View Output dialog list
boxes generate thisplot. Output Type: Nodal, Parameters: Temperature, Node/Depth: 0,7,11, and
Time/Date: October.

Table 20. A table of temperature versustime at specified output nodes. Thistable demonstrates
using theICM to generatelarger data sets than theICM can plot at onetime. In thisexample, dl
of the noda temperaturesfor an entire day are output in asingle file.

Figure23. A temperature versus depth plot at two-month intervalsover the analysis period.
When selectingthe Time/Date for profilesthe user can select the contracted date (+Sept). When
using a contracted date the ICM usesthetime of day and/or day of monththat isinputinthe
Graphing/Tabular Optionsdidog box. Thefollowingselectionsfromthe View Output dialog list
boxes generatethis plot, Output Type: Profile, Parameters. Temperature, and Time/Date:
September, November, January, March, May, and July.

Table21. Thetable generated dlongwith the plot in Figure 23. Temperature versusdepth output
at two-month intervals over theanalysis period.

Figure24. A temperatureversus depth plot a 6 hour intervalson October 1, 1996. To plot
output datafor different imes throughout the day expand the date desired and sel ect thetime of
interest. To expand adate vaue (+01 Oct) double click the left mousekey. Thefollowing
selectionsfrom the View Output dialog list boxes generatethis plot, Output Type: Profile,
Parameters. Temperature, and Time/Date: -01 Oct — 0000,0600, 1200, 1800.
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Figure25. A porewater pressureversus depth plotfor May 1, 1996. The pavement model
included with the ICM hastheinternal boundary condition set to suction. The suction boundary
condition causesthelCM to calculatethe water content and pore water pressure profileswith
respect to the pore water pressure a the lower boundary. The choice of | ux or suction for the
internal boundary condition has alarge impact on the predicted pore pressure distribution. The
followi ing selectionsfrom theView Output dialog list boxes generatethl splof Output Type

Profile, Parameters: Pore Pressure re, and Time/Date: +01 Ma)}

Figure26. A pore water pressureversus depth plot for May 1, 1996. This plot isidentical tothe
previousplot (Figure 25) except that theflux internal boundary conditionis used. Whenthef! ux
internal boundary condition is selected water can enter the subgrade from the base course. The

* amount of water availableto infiltrated into the subgrade is dependent upon the probability of a
wet base course. A wet base course causesthe moisture content and pore pressure profilesto
approach asaturated condition. The following selections from theView Output didog list boxes
generate this plot, Output Type: Profile, Parameters: Pore Pressure, and Time/Date: +01 May.

Figure27. A thermal gradient versustime plot for October 1996. Thermal gradientsare
availablefor both asphalt concrete and PCC pavements. Thethermal gradient inthelCM isthe
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 gradient isthe temperature differential in
the PCC layer only. Thermal gradientsplotted for atime period includesall output thermal
gradient datafor that time period. The following selections from the View Output dialog list
boxes generatethis plot, Output Type Therma gradient, Parameters. Time period, and
Time/Date: +Oct.

Figure28. A maximum/minimum thermal gradient versus time plot for October 1996. A
maximum/minimum thermal gradient plot outputs only the daily maximum and minimum values
of thethermal gradient over a specified time period. Thefollowing selections from the View
Output dialog list boxes generatethis plot, Output Type: Thermal gradienf Parameters. Time
period, and Time/Date: +Oct.

Figure29. A curl strain versustime plot for October 1996. Curl strain output isavailablefor

PCC pavements. Thecurl strain valueis calculated from the thermal gradient and the coefficient



of expansion valueinput inthe PCC Materiasdialog box. Thefollowing selectionsfiom the
View Output dialog list boxes generate this plot, Output Type: Curl stran Parameters: Time
period, and Time/Date: +Oct.

Figure30. A fiost heave versustime plot for the period January 1, 1997 to March 31,1997.

Frost heaveis representedin thelCM as a negativevalue. They-axisbecomesincreasingly
positivewith an increasein depth, therefore when fiost displacement isin the opposite direction
of increasing depth, anegativevalueis used. Frost heave valuesare very dependent on the values
used for the Gardner moistureand unsaturated permeability functionsas well asvaluesinput for
saturated permesbility. Thefollowingselectionsfiom the View Output dialog list boxes generate
thisplot, Output Type: Frost, Parameters. Heave, and Time/Date: +Jan, +Feb, +Mar.

Figure3L1. A fiost penetration versustime plot for the period January 1, 1997 to March 31,1997.
Frost penetration values are very dependent upon the thermal conductivity and the hest capacity
of the soil materials. The thermal conductivity isin tumn dependent upon the type of materia (dry
therma conductivity) and its moisture content. Thereforethe saturated permesbility and the
valuesinput for the Gardner functions have a significant impact on the predicted fiost and thaw
penetrations. Another important variablein determiningthe fiost penetration depth isthe
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
improvethe appearance of fiost penetration plotsisto set the scaling limit to excludethe bottom
boundary node. The effect of thisisto keep thefully thawed condition from being plotted. The
followingselectionsfiom the View Output dialog list boxes generate this plot, Output Type:
Frogt, Parameters: Penetration, and Time/Date: +Jan, +Feb, +Mar.

Table22. An output of theinfiltration and drainage analysis performed by the ICM. The
Graph/Table option is not availablefor the Drainage output type. The ICM will only createtables
for the Drainage output type. Thefollowing selectionsfiom the View Output dialog list boxes
generatethis plot, Output Type: Drainage.
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Urbana L - Integrated Model example. - Nodal Temperatures

Node 0 Depth 0.

Node 11 Depth 26.

' Node 7 Depth 14.

06/62/01

96/2¢/0)

96/GL/01

96/80/01

96/10/01

o)

Tiera 77 A tammneratire varenc timMe plot for the month of October.
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Table 20. A table of temperature versus time at specified output nodes
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Urbana IL - Integrated Model example. - Temperature Profile

Temperature (°F)
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Figure23. A temperatureversusdepth plot att wo-mont hintervd s over theand ysi s period.
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Table21. Temperatureversus depth output at two-monthintervalsPartia
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Urbana IL - Integrated Model example. - Temperature Profile

Temperature (°F)
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Figure24. A temperature versus depth plot at 6 hour intervals on Gct ober 1, 1996.



Urbana IL - Integrated Model example. -Thermal Gradients
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Figure 27. A thermal gradient ver sustimeplot for October 1996.



Urbana IL - Integrated Model example. - Minimum/Maximum Thermal Gradients.
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Figure28. A maximum/minimum thermal gradient versustime plot for October 1996.
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Urbana IL - Integrated Model example. - Curl Strain.
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Figure29. A curl strain versus time plot for October 1996.
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Figure30. A frost heave versustime plot for the period January 1, 1997 to March 31, 1997.



e

[T

T
LTI Y

frrem ey

£ s

Freisemry

vy

Urbana IL - Integrated Model example. - Frost/Thaw Penetration.
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Figure31 A frost penetration versustime plot for the period January 1, 1997 to March 31,1997.



Urbana IL - Integrated Mode example. - Drainage
DRAINAGE% TIME
50 J122E+00
10.0 399E+00
15.0 .881E+00
200 154E+01
250 237TE+H01
300 338E+01
350 A58EH)]
400 .S97E+HD]
450 .755E+01
500 933E+01
550 J13EH02
600 JA35EH02
e o 650 L159E+H02
700 185E+02
75.0 213E+02
i 80.0 244E+02
= 850  277E+H2
00 313E+H02
£y 950 353E+H02
[

1

ey

ded)

C

2

100  .604E+02

sexexess FVVAL UATION OF DRAIANGE DESIGN *****=x¢
WATER DRAINED PERCENTAGEDUETOGRAVEL =  80.00
il PERCENTAGE OF GRAVELINTHESAMPLE = 7000
i WATER DRAINED PERCENTAGEDUETOSAND = 6500
PERCENTAGE OF SAND IN THE SAMPLE = 3000
PERCENTAGE OF WATER WLL BE DRAINED = 7550

CRITICAL DRAINAGE DEGREE (85% SATURATION) =  19.87
DRAWING Tl ME FOR 85% SATURATION (HOURS) = 152

3833 THISDRAINAGEDESIGN IS SATISFACTORY $3$$

- JANUARY
NUMBER OF DAY S WTTH PRECIPITATION= 11

NUMBER OF DRY DAY SEQUENCES= 8
NUMBER OF VEET DAY SEQUENCES= 8

b4 PROBABILITY OF DRY DAYS= .645
a2 PROBABILITY OF WET DAYS= 355

DAYS %DRAINAGE PROBABILITY DRY DAYS

1 7938 645
2 9870 440
3 100.00 300

- DRY PROBABILITY OFBASECOURSE= 301
WET PROBABILITY OF BASE COURSE=  .699

T
Neramen

FEBRUARY

NUMBER OF DAY S WITH PRECIPITATION = 9
NUMBER OF DRY DAY SEQUENCES= 6
NUMBER OF WET DAY SEQUENCES= 6
PROBABILITY OFDRY DAYS= 679
PROBABILITY OF WET DAYS= 321

DAYS %DRAINAGE PROBABILITY DRY DAYS
1 7938 679
2 9870 491
3 100.00 355

DRY PROBABILITY OFBASECOURSE=  .655
V\ET PROBABILITY OF BASECOURSE= 345

i

[

Table22a. An output of the infiltration and drainage analysis performed by the ICM.



probability can be high. This causesa significant wetting of the subgrade. The ICM doesnot
currently take into account the total amount of water availableto wet the subgrade and may cause
the calculated soil moisture profileto becometoo wet

ThelCM currently allowsthe user to input climatic data on a daily basis. Climatic datais
availablefrom the National Weather Serviceon an hourly basis. Thel QViperformance could be
enhanced by allowing the user to input hourly climatic data.

Currently theICM does not allow the embedding of pavement and plot documentsin
other Windows application such as Word and Excedl. Implementation of object embedding with
the ICM would increasethe usefulness of the programto the user.

From timeto time improvementsin the I ntegrated ClimaticModel Version 2.0 will be
made. These improvementswill deal with problemsrelating to usability and other bugs. The

latest version of the Integrated ClimaticModel can be downloaded over the Internet ( See Chapter
2).
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