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CONVERSION FACTORS

Approximate conversions to SI units

Multiply By To Obtain
in 254 mm
ft 0.3048 n
ft’ 0.0929 m’
ft’ 0.0283 n’
m’ 1000 liters
ft’/day 3.277x 107 s
ft/day/ft 1.075x 10° m /S
ft’/day/ft’ 3.528x 10° me/s/m-
ft’/day 3277 x 10™ li€hs/s
ft/day 3.528x 10™ cii/sec
cm/sec 864 fn/day
Ibs/ft’ 0.1571 kN/m’
Ibs/ft° 0.0479 kN/m”
Ibs/in” 61895 kN/m”
Apptoximaté conversions from SI units
Multiply By To Obtain
mm 0.0394 in
m 3.2808 ft
m’ 10.7639 ft’
m’ 353147 ft’
liters 0.001 m’
m’/s 3.05 x 10° ft'/day
m’/s/m 9.30 x 10° ft'/day/ft
m’/s/m” 2.8345 x 10° ft’/day/ft’
liters/s 3051.572 ft'/day
cm/sec 2834.467 ft/day
m/day 0.0012 cm/sec
kN/m’ 6.3654 Ibs/ft’
KN/m” 20.8856 Ibs/ft*
kN/m’ 0.1450 Ibs/in”
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CHAPTER 1 - INTRODUCTION
Brief History of DRIP Development

Moisture-related pavement distresses have long been recognized as a primary contributor
to premature failures and accelerated pavement deterioration. The Federal Highway
Administration (FHWA) provides design guidance for drainage in its manual@ambered
FHWA-TS-80-224, “Highway Subdrainage Design.” Under a study known as
Demonstration Project No. 87, or simply “Demo 87,” the FHWA Pavement Division
developed a comprehensive effort to provide design guidance for handling wéter that
infiltrated into the pavement structure from the surface. That study resulted in the
production of the Participant Notebook for Demonstration Project No. 87. Engineers
needed a concise and user-friendly microcomputer program that repligates the Subsurface
drainage design procedures in the Participant’s Workbook for Defonstration Project No.
87. Also, because of the increasing use of the SI unit system, thére wasd needdor the
program to incorporate both SI and pound-inch (U.S. Customary) unis.

In response to these needs, Applied Research Associates, Ine., developeda
microcomputer program titled “Drainage Requirements in Pavements (DRIP) Version
1.0” under a contract from the FHWA (contract Noo DEEH61595-C-00008). Mr. Robert
Baumgardner of the FHWA supplied technical gontrol Tortheproject. The ARA
principal investigator was Dr. Walter Barker, and @evelopment'af the computer program
was led by Mr. Tim Wyatt. Dr. Jim Hallserved aspregram manager. The program was
delivered to the FHWA in Séptembef 1997

In 1998, a new National Highway{nstitute course {NHI Course No. 131026) titled
“Pavement Subsurface Drainage Design was developed to further improve the guidance
on pavement subsurface diainage design, enstruction, and maintenance. DRIP Version
1.0 was completely integrated into thig coutse to perform hydraulic design computations.
The program has since béen used in the industry and has received excellent reviews.
However, several valuable suggestions were made by DRIP users to further improve the
program. The@hggestions maifilgipertained to improving design input screen graphics,
variable plot displays and outputs, and the user’s manual. Certain key drainage
calculations and plotiihg options were also suggested to enhance DRIP’s technical
capabilitiednIn addition, there was a need to upgrade the program to be compatible with
the computing envisonments prevalent today.

To make these program modifications, the FHWA entered into a contract (FHWA
Contraet No. DTFH61-00-F-00199) with the ERES Division of ARA. Mr. Robert
Baumgardner and Mr. Bing Wong of the FHWA supplied the technical control for the
project.| The ERES principal investigator was Dr. Jim Hall, and Mr. Gregg Larson
implemented the program modifications. Mr. Jagannath Mallela of ERES served as the
project manager. Under this contract, the microcomputer program “Drainage
Requirements In Pavements (DRIP) Version 2.0” and a revised user’s guide were
developed.
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New Features in DRIP Version 2.0
DRIP 2.0 incorporates several significant advancements in user interface and capabilities:

o Win32 support. Fully compatible with Windows 95/98/NT.

e Normal and Expert modes. Normal mode warns users of potential errors during
input and offers suggestions on proper program use. Expert mode suppresses
these warnings, allowing experienced users of program the ability to editidata
more quickly, without continually acknowledging warning screens.

e Tabbed property pages. The individual data input and analysis screefi§ employed
in DRIP Version 1.0 have been updated/improved and are now displayed using a
property page format. This new format allows a more intuitive navigation
through the various program screens. Each property page cambesaccessedhby
means of the tabs displayed continually along the top of the DRIP €lient arca.

e Analysis type selection. The DRIP program allows the user to sélect thé type of
roadway geometry, inflow calculation method, permeablé basé analysis type,
separator layer analysis type, and edgedrain type. The seléctions available under
each of these categories are usually located in the upper left corneér of the
respective property page in the fonfa of radie buttons’ By making the appropriate
selection, the user can customize the analysispésfermed on each property page.
For example, to perform time-to-drairfidésign of permeable bases, the user should
select the “Time to Drain” radio button on the Permeable Base property page.
The program then configures thé'page to display appropriate inputs and outputs
for this analysis.

o Hyper-linked input data fields. In the DRIP program, certain variables appear on
multiple property pages. The hyper-linking feature is aimed at preventing the
novice user from ina@Vértently entering different values for the same DRIP
variable on differ@iit property pagesh By clicking the left mouse button on a
hyper-linked vatiable (identifiéd by @n underline beneath it), the program
transports #i& user to a property page where this variable should most logically be
configured.

o Improved graphics. The graphics that illustrate drainage input variables have
been impraved.

e Swummary screem, A linked summary list is now present on the left side of the
DRIPelient window. This list allows the user to get an update on the status of the
curgént DRIPsession.

& \ Gontext sensitive help. Right clicking on any variable in the DRIP program
displays a short description of that variable.

o ' lmproved online help. The complete DRIP user’s manual is now available and
searchable online and from within the program.

o HTML analysis summary. A formatted report on the inputs used and outputs
calculated in the current DRIP session is available using the File | Export
Summary command. This information contained in this file is in standard HTML
format and can be read and edited using standard browser applications, word
processing programs, or spreadsheet software.



e Print analysis summary. A well-formatted printed report displaying the inputs
used and outputs calculated in the current DRIP session is available using the File
| Print Summary command.

e Improved gradation library. The importing and saving of sieve gradation analysis
has been improved. The program allows descriptive file naming to save input
gradations for future use.

e Additional sieve sizes. Particle sizes determined from hydrometer test§ éan now
by used by the DRIP model.

o [mproved graphing. Graphing of grain size distributions and sensitivity@analysis
plots has been simplified. Graphs generated by DRIP can now be imported
directly into other Windows® applications or saved as JPEG files.

o Power 0.45 and semi-log plots. Sieve analyses can be viewed on eithérpower
0.45 or semi-log plots.

DRIP Capabilities

DRIP 2.0 retains the capabilities of the earlier version of thé program but makes the
execution more efficient and incorporates all the new features\explaimed in the previous
section. The salient features of DRIP aredlescribedybelow. Eaeh of these features can be
executed independently from within the program. Marédetails tegarding the various
features, including a discussion on the corresponiding inputand output variables, will be
presented in chapter 3.

Roadway Geometry Calculations

Using this program feature, the usct €an compute the'length and slope of the true
drainage path based on thed®ngitudinal and transverse grade of the roadway, as well as
the width of the underlying base material._ Fhe user can perform these calculations for the
two common roadway ¢ross-sections éomnionly encountered—crowned and
superelevated (uniform $lope) sections.

Sieve Analysis Calculations

Theelfestive grain sizes,(Dy), total and effective porosities, coefficient of uniformity and
gradation, andeecfficicnt of permeability can be computed for any user-entered gradation
using this pfogram fSature. Plots of the gradations on semi-log and FHWA power 45
template§ can also be obtained from this program screen.

Inflow Calculations

The amount of moisture infiltrating the pavement structure from rainfall and meltwater
can be computed using this program option. The surface infiltration calculations can be
performed using two different approaches—the Infiltration Ratio approach and the Crack
Infiltration approach. Meltwater computations can be performed for a variety of soil
types and pavement cross-section depths.
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Permeable Base Design

The program offers two permeable base design options—depth-of-flow and time-to-
drain. These methods allow the user to design an open-graded base that can handle the
inflow entering the pavement structure.

Separator Layer Design

Using this program option, the user can design two types of separator layers
and aggregate separator layers. Based on the gradations of the proposed pern
and the subgrade under consideration, the program also verifies whether a s
layer is required at all.

Edgedrain Design
Two types of edgedrains can be designed using this progr eocomposite of
fin drains and pipe edgedrains. The program calculates th apacify and the

outlet spacing required.

4

Organization of the User’s Manual

navigate through the progra The content of this manual is
also available with the progr to minimize repetition, topics

Each section of this ma below, serves as a comprehensive guide to
a set of DRIP features

package~—DripPlot—is also fully described.



Technical Background

This section contains a detailed explanation of the theory and practice behind DRIP 2.0,
including water inflow into pavements, edgedrain and geocomposite material, base
course and separator layer materials, and pavement geometry.

Examples Problems

This section provides example problems to assist the user in developing a pr,
the use of the program.

Sensitivity Analysis

This chapter discusses the design sensitivity to changes in vario
be used both as a design reference and as an example of t
can be performed using the DRIP program.



CHAPTER 2 - GETTING STARTED
Introduction
Getting started with DRIP 2.0 is easy, especially if you already have installed a Win32

operating system (Windows 95/98 or NT) and are familiar with that environment. This
chapter describes the procedures for installing and operating DRIP 2.0 on your somputer.

System Requirements

To run DRIP 2.0 on your computer, the following minimum hardware and s
requirements must be met:

IBM-compatible PC with at least a Pentium processor.
32 MB of RAM.

15 MB of available hard disk space.

One CD-ROM drive (for installation only).
Monitor capable of 800x600 resolution.
Mouse or compatible pointing device‘

Printer (optional).
Also, the computer on which DRIP 2.0 is instal
95/98 or Windows NT 4.0 o i

st be running Microsoft Windows
ible later version).

Installing DRIP

The DRIP 2.0 installatio indows auto-run feature. To install the

software:

hat Iready running.
e CD-ROM drive.

The Choose Destination Location screen identifies where on your hard drive DRIP 2.0 is
installed. The default installation subdirectory is C:\Program Files\FHWA\DRIP as
shown in Figure 2-1. This will be referred to the DRIP directory in this manual.



Choose Destination Location 5[

Setup will inztall DRIP in the fallawing folder.
T inztall to this falder, click Mext.

To install to a different folder, click Browse and select another
folder.

f'ou can chooze not to install DRIP by clicking Cancel to exit
Setup.

C:%Program Files"FHWAADRIF

" Destination Folder

the installation directory, se
redundant.

& It is recommende

be different from the o

recommended to d riting any files that were created using
previous versio DRIP 2.0 destination directory meets this
criterion.

e provides a continuous update on its status. When the
is recommended that the user check the README.txt file. This

and a DRIP program shortcut icon is added to the desktop. To run DRIP from the
Windows Start menu, click the “Start” button (usually located in the bottom left corner of
your screen), go up to the “Programs” option to see a list of folders, choose the Drip 2.0
program folder, and select the DRIP icon (the first icon shown in Figure 2-2).
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Alternatively, the program can also be run by double-clicking the DRIP icon on the
desktop.

I!L‘cz" Crip
* (B Drip Plat
@ Crrip Help

Figure 2-2. Start menu.

If the DRIP Plot icon shown in Figure 2-2 is selected, a DripPlot window op
the last graph/plot generated by DRIP is displayed in it. The Drip Help icc
online version of this user’s guide.

Uninstalling DRIP
To uninstall the DRIP software, follow these steps:

Select the Windows Start button.
Select or move the mouse to ans.
Select Control Panel.

Select Add/Remove Programs.
Uninstall the DRIP software.

>

Nk W =
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CHAPTER 3 — GENERAL DRIP OPERATION
Introduction
When the user starts the DRIP program, a splash screen appears briefly, followed by the

DRIP client window shown in Figure 3-1. The DRIP client window has the following
features:

e A menu bar across the top, which includes the File menu, the Options men
the Help menu.

e A program summary column on the left side of the screen that disple
important DRIP outputs. The summary information is continually uf:
analysis progresses.

e A series of six tabs arranged from the left to right titled R
Sieve Analysis, Inflow, Permeable Base, Separator, an
selected, these tabs display the respective property page
the following common elements: edit boxes for data i
describing the problem, and calculator and/or graph
In addition, some property pagesy ifi€ analysis options, e.g., the
Edgedrain property page allows the¢ user en pipe edgedrain or
geocomposite edgedrain analysis type
DRIP takes place within these property p

esign and analysis in

iﬁ_‘ Drainage Requirements in Pavements - wed Fils M= E
File  Optionz Help ‘
— Road Geometr

W 4 - Foadway Geometry | Sieve Inflow I Permeabi Separatorl Edge Drainl

t

SR it b Geometry A Geometry B

L_R i wsnssasEDGEDRAIN PIPE s - ssas
— Materials

Baze - Undefined
Subgrade - Undefined

Separatar - Hone

Irflow

N it
] 92

it . T e L

- frift .~ Subgrade
I Edgedrain Permeable Separator

% PIP®  Geotextile Trench base  |ayer
hir
it/

t
94

— Edge Dra ipe

roli

Figure 3-1. The DRIP client window.
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DRIP has many features that can be used from anywhere within the program. These
include file or project actions such as saving and printing, as well as the functions of
certain function keys, and on-screen buttons. This chapter describes many such features
that are available throughout the program. In addition, a detailed description of the
functionality of each tabbed property page is also provided. The description of the DRIP
program features and operation is broken down and presented under the following section
headings:

e General DRIP features — DRIP icons, context sensitive help, hyper-linking, efor
checking.

¢ DripPlot — Graphing and plotting package for DRIP.

e DRIP Menus — File handling, Help, and Options.

e DRIP Property Pages — Tabbed property pages each containim@one of theisix subs
processes required for a complete drainage analysis.

e Project Summary — Summary of important input and output data for thé program.

General Features

DRIP has many features to assist the userdn operating the program, including special
icons, context sensitive help, hyper-linking of yariablésand input data error checking.

DRIP Icons

There are three of types of icon buttons in DRIR,— Calculator, Graph, and Balance. The
icons are illustrated and explained below.

E Calculator icon: Allows the user to perform a calculation based on
the inputs pro¥ided by the user. This icon is activated (turns
colorful) only when all the necessary inputs for a given calculation
are'configured. For example, in Figure 3-1, the parameter # can
be calculated by pressing the calculator icon only after the inputs b
and ¢ have been configured. In certain instances, pressing the
calculator icon opens a dialog box (e.g., heave rate determination
11 the Inflow property page), or transports the user to an
appropriate property page where inputs to calculate the parameter
under question should be configured (e.g., the Dy calculation in the
Separator property page). Calculator icons appear on every

property page.

m Graph icon: Generates appropriate graphs for the property page in
which it is located and opens DripPlot to display them. The graph
icons appear on Sieve Analysis, Permeable Base, and Separator

property pages.



! Balance icon: Checks whether the design criteria for the aggregate
and geotextile separator layers are satisfied on the Separator
property page.

DRIP Help

Context-sensitive help can be accessed for any program variable by right-clickafig the
mouse button while the cursor is on top of that variable. A small help box will appear
superimposed above the DRIP dialog box, giving a short description of the yariable in
question.

Hyper-Linking in DRIP

Most of the property pages in DRIP are interconnected. Ad\a conseduence an input on a
certain page may be an output on another page. Therefore, a\given variable£an appear
on multiple property pages. For example the parameter, W, @appears on both the Roadway
Geometry and Inflow property pages. H@Wever, iflis,actually an output on the Roadway
Geometry property page and an input in the Inflow propésty. page. This could lead to
some confusion in the mind of the novice user‘@mwhere to entér the value for parameter
W. In order to address such situations, a hyper-linikwas provided for all variables that
appear on multiple screens. All hyperdlinked,variablésiare identified by an underline
beneath them. Ifa hyper-linkéd wariable is selésted with a left-click of the mouse, the
program will jump to where thatwariable should mest logically be entered. By editing
the variable on the analysis page suggested by DRIP, the user can avoid inadvertently
entering different values fof the Same Variable on different screens. Although the user is
not required to use this féature, it is highly recommended, especially for novice users and
also when an analysis ufilizing only & few of the property pages offered by the program is
attempted.

Error Checking

DRIP displays a warning when a dependent variable is about to be changed. DRIP also
watns the'userwhen data ihput is inappropriate, such as entering a negative unit weight
for amaterial. Whilethis feature is helpful for a novice DRIP user, these warnings can
becomedin annoyance for the experienced user. To aid the experienced DRIP user, an
Expert Mode is available. When DRIP is running in the Expert Mode all warning and
informational dialog boxes are suppressed, allowing the user to enter potentially incorrect
data, orto\edit a dependent variable. Only experienced users should attempt to use DRIP
in the Expert Mode. The Expert or Normal mode selection is made under the Options |
Mode menu item. When first run, DRIP defaults to the Normal mode, with all the
warning and informational dialog boxes activated.
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DRIP Menus

Menus in DRIP are used to control file handling, help, and program options. All menu
items can be accessed from any of the tabbed property pages.

File Menu Options (Including Print Summary)

a previously generated DRIP project file by using the File | Open menu con
name the newly created DRIP project file by using the File | Save menu co

File | New — Creates a new DRIP project file, clearing all user 1
currently active project file. There can only be one active proje
client window. Creating a new DRIP project file with the £i
active DRIP client will close the currently active DRIP fi
project file is unnamed. It is suggested that the newly crea
using the File| Save menu command. While each
single DRIP project file to be active, it is possible DRIP client windows
running on one computer.

Open previously saved/Generated DRIP data file.

File name: I Open I
Files af type: IDrip data [*.drp] j Cancel |
P

Figure 3-2. The file open dialog box.

File | Save — Saves the current active DRIP project. When this option is selected, a
dialog box, such as the one shown in Figure 3-3 opens prompting the user to save the
current DRIP project. The user may choose to save a DRIP project with a file
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Save generated DRIP data file.

Save i Ia Drip j = =F ER-

|_isradFiles
example.drp

File narne: |

Save az type:

since files saved with an alternative extension will not ap
box when the File | Open menu command is executed. If
has been previously saved, the File | Save menu command
generated DRIP data file” dialog box, b tea

DRIP project file.

cept that this command will
ox shown in Figure 3-3.

File | Save As — Same as File | Save me
always open the “Save gene

File | Export Summary — Creates tive DRIP project file. The format
of this file is Hypertext Mar e (HTML) and it can be viewed using any Web

, Separator Layer, and Edge Drain. A summary
if data has been entered for that analysis or that

RIP summary file” dialog box similar to the one shown in Figure 3-4 pops
up prompting the user to enter to enter a file name under which the DRIP
project file summary will be saved.

Save the summary file to an appropriate directory on the computer by
specifying a file name. Note that the summary files are automatically saved
with an extension of *.htm.
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Save in: IE M ewProject j gl

File name: | Save I
Save a3 lype: IDFHF' summary[*. htri) j Cancel |

Figure 3-4. Dialog box to save project summary information.

b

Once the summary information is saved to a file, it is autdmatically displayed on the
computer screen using the default HTML browser application. Thednfesm@tion can be
printed directly from this application using standard print comimands. Alternatively, the
summary information file can also be opened witlianystandard word processing or
spreadsheet programs that reads HTML docuients e.g., MiBresoft Word® or Microsoft
Excel®. The advantage of using a word processiior spreadsheet application is that they
enable the user to custom format the infemmation contained in the file. Further, tabular
data is stored using HTML tébles, an@l thercfore can be tilized directly by a spreadsheet
applications such as Microsoft Execl” to create ustom plots of DRIP data. This
capability is in addition to the intrinsie plotting package (DripPlot) provided with DRIP.

File | Print Summary — Pfints thic output Siimmary information. The following steps need
to be followed to print the summary isformation.

1. Select the File | Print Summaiy command from the file menu. A “Create DRIP
summaéip file” dialog bémsinilar to the one shown in Figure 3-4 pops up
prompting the user to enter a file name under which the DRIP project file
summary will be saved.

2. héwmser can choose to either save the summary information to be printed to a file
by clickingthe Save button (recommended) or can opt not to save it by pressing
Cdneel button, Note the summary files are automatically saved with an extension
0 *.htm.

35 After the file Save or Cancel operations are performed, the program automatically
opens the “Print” dialog box shown in Figure 3-5 from where the user can select
the'printer to send the output to (the printer choices displayed will obviously be a
function of the user’s local environment).

Note that the output will be printed using default format settings. If the formatting of the

default output layout needs to be changed, the user will need to open the saved summary
file using standard word processing or spreadsheet programs to edit the file.
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Print HE

— Printer
Properties |

Mame:

Status: Drefault printer; Beady

Type: HF Lazerlet 1151 PostScript

Wherer WO NHPLITLS

Comment: ™ Prirt ta file

— Print range Copies
v Al Murnber of copies: |1 3:
" Pages from: |1 bz |1
7] Selection

— Print frames

™ Frint all linked documents

Cancel

Fi

File | Exit — Ends the current ion. er selects this option or clicks on the
Close icon on the client generate a dialog box prompting the user to
save the current project er can choose to save the file, exit the
program, or cancel the turn to the program. If the user chooses to save
3-3 will appear to facilitate data storage.

units are'used as default in DRIP.

Options | Mode — Determines the level of information and warning dialog boxes
employed by DRIP. These dialog boxes inform the user when a program action or
function deviates from those recommended by this manual. While this feature prevents
the novice user of the program from making mistakes, it can become cumbersome for the
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experienced user. When the Normal menu item is checked, all warnings and information
dialog boxes are displayed. The Expert mode suppresses all but the most important
warning boxes, allowing the experienced user to make informed changes of input data,
both dependent and independent. DRIP defaults to the Normal mode when started.

Options | Sensitivity — This option is specific to the Time to Drain and Depth of Flow
analyses performed within the Permeable Base property page. It allows the ¥séx to
determine which sensitivity analyses are to be performed during permeable base design.
The choices are length, slope, permeability, inflow, drain (degree of drainage), thickness,
and porosity. If any of these menu items is checked, a corresponding sensitiyity analysis
is performed during the permeable base design. DRIP defaults to performing sensitivity
analysis for all appropriate input variables.

Options | Scale — Determines whether the horizontal scale of the gieve analysis plotis
logarithmic or Power 0.45. If the former is chosen, logarithms ¢f the sig#¢ sizes are
plotted against the percent passing to produce a semi-log plot. If thedatter is ¢chosen, the
sieve sizes are raised to the 0.45 power and plotted against the pereent passing fo yield an
FHWA power 0.45 chart. DRIP defaults to a power 0.45 s¢ale for all gmaddtion plots.

The semi-log plot is best used when plotting matCrialshwith latge amounts passing the
#200 (0.075-mm) sieve for which hydrometex@nalysis data isavailable. When these
gradations are plotted on an FHWA power 0.45'¢hart, the plotisiot as visually
appealing. Semi-log plots are also usefulmhen multiple gradations with widely differing
sieve sizes are being plotted©mthe sdme chartysuch as in aggregate separator layer
design. An example comparison 0f.a fine-graingdhmaterial plotted using the Power 0.45
and semi-log scales is presented 111 Figure 3-6 and Figure 3-7. Note that the gradations
used in both figures are identieal, The advantage of using a semi-log plot scale for this
gradation is obvious frond these figures:.

Grain-si2e Distribution - Subgrade

a0 i

o |
S,
o |
o
S
20 ]
0 X

Fercent PasSing

#00 #50 #16 # 12" 3/4" i 112

Sieve Size

Example Gradation

Figure 3-6. Sample subgrade gradation plot on FHWA power 0.45 chart.
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Grain-size Distribution - Subgrade

0.002mm 0.020mm 0.073mm 0.425mm 2.36mm 4.7amm 12.5mm 25mm

==

100

Fercent Passing

0.001 0.01 0.1 1 10 100

Sieve Size (mm)

Example Gradation

Figure 3-7. Sample subgrade,gradation plot on'a §emi-log Chart.

On the other hand, when plotting coarse-graifiedhmaterials‘on @ §émi-log chart, the
gradations have a tendency to fall within one or tw@,logarithmic Cycles, making the plot
more difficult to read. The Pawer 0.45%¢aleis better for plotting coarse-grained
materials.

Help Menu

DRIP employs Windowg HTML Help. Thécontents of this manual are available online
and can be accessed by selecting the@elp | Contents command from the menu. Context-
sensitive help candié accessed from anywhere within the program by pressing the F1
function key. The DRIP HIML help is fully searchable by contents, index, or keyword.
The contents of the help file can'be printed directly using the standard print options
previded.

DripPlot

DripPlotfis'a companion program to DRIP that creates plots of gradations, aggregate
separator design, and sensitivity analysis for permeable bases. The information on the
operation of DripPlot is provided below.

DripPlotidoes not contain file handling or data editing capabilities. Changes to the
plotted data should be made using DRIP, and the results re-plotted with DripPlot. Once a
plot is generated, the user may alter the plot’s appearance. DripPlot allows the editing of
titles, legends, font sizes, scales of the vertical and horizontal axes, line types, line colors,
and line thicknesses.
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Plots generated by DripPlot can be saved either as device independent bitmaps (*.dib) or
as JPEG files (*.jpg). This allows the user to import data into other Windows programs
for report preparation. The user may also copy a DripPlot graph using the Copy menu
command or shortcut key (control-C) and paste the graph directly into any Windows
program that allows cutting and pasting.

DripPlot Menus

The DripPlot menu contains several commands that are common to almost all Windaws®
applications. A short summary of these commands is included for completen€ss. Menu
commands that are unique to DripPlot are discussed in detail.

File Menu

File | New — Opens another window with the currently plotted s€reens. Ahis allows the
user to have multiple windows of the same plot open. This,feature isdised primarily to
view plots with differing scales, legends, titles, and so on!

File | Save as Dib File — Saves the currenfyplot as a device indépendent bitmap. Saving a
file as a Dib allows the user to import this‘plot info-anbther Windows® application. The
file is saved as it appears on the user’s screend ihcluding sizepling color, and titles.

File | Save as Jpeg File — Save the curreniplot as a JREG graphic file. Saving a file as a
Jpeg allows the user to impdit this plot intoafether Winidows" application. The file is
saved as it appears on the user’s Sécéen, includingsize, line color, and titles.

File | Print — This menu command prints the current plot. By default, the plot is printed
in portrait mode, with the margins set it file | Print Page Setup.

File | Print Previews— This command displays how each plot will look when printed.

File | Print Sefup — Allows the B8Er 10 select which printer to user, as well as edit that
printer’s properti€s such as paper source, paper size, and orientation.

File | PrintPage Setup— Calls the Print Page Setup dialog box, which is shown in Figure
3-8, The dialog b sets the margins used when printing a DripPlot graph. Valid inputs
in theése béxes rangedfrom 0 to 100, and represent the distance from the top and left
margins. For example, a value of 10% for the Top Margin means that the top margin will
end 10% from the top of the page. A Bottom Margin of 60% means the bottom margin
begins'60% from the top of the page. The net effect in this case is that the plot will take
up 50%'0fthe page.

3-10



Print Page Setup |

Percent [%]

o
T
T
o

Top margin; 10

Battom margin: (B0

0

Left margin:

Right margir: a0

OF. I Cancel |

Figure 3-8. Print page setu

Edit Menu

View Menu

The View menu commands a the basic look of the DripPlot
application. View | Tool r the shortcut toolbar is displayed beneath the
DripPlot menu. The Vi whether the status bar is displayed along
the bottom of the Drip i . \Ihe status bar gives a short description of each

-lock, Cap-lock, and Scroll-lock keys are set.

1s menu is a list of plot files currently open. Any plot can be
Ihd by selecting that plot name from among the menu options.

Window | Cascade — Arranges plots one on top of the other, in a manner similar to that of
a deck of playing cards. Each plot is slightly offset from the one directly above and
below.

Window | Tile — Arranges plots side by side in the DripPlot window.
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Window | Arrange Icon — Arranges minimized plots along the bottom of the DripPlot
window.

Chart Menu

The Chart menu is used to modify the appearance of DRIP plots. DripPlot is designed to
be a simple, straightforward plotting package. It is not completely customiza
user wishes to make highly customized plots, it is suggested that the informatio
DRIP be output using File | Export Summary to create an HTML summary file
summary file can be imported directly into most standard graphing package

Chart | Titles and Labels — This command allows the user to edit the axis lak
title text. The user can also change the font size of the all labels and.titles, Tl
and Labels” dialog box with sample graph and axes titles is sho
default font sizes for the titles are also shown in the figure. Ong
entering the desired option values on this screen, the changes c4
the OK button.

Titles and Labels

x|

Font Size

Graph Title: IErain-size Distribution - Base Course

otuis Label |Sieve Size

|1 4
I'l 2
“-duis Label: IF'ercent Pazzing I'l 2

Cancel |

le and Labels dialog box.

Chart | Lines. is command allows the user to edit the legend
abels and their ize, line color, line type, and line thickness. For graphs that do not

0 , it also allows the user to adjust the minimum and maximum
and Y-axes. The tick marks can also be adjusted for scaling
egends and Scale” dialog box is shown in Figure 3-10.

ing points should be borne in mind when using the above referenced dialog

e separate legend entries appear in the box, which is the maximum number of

individual series that can appear on a single DRIP plot. For plots with fewer than
five series, the additional edit boxes are disabled.

e The Line Color edit boxes control the color of the plots generated by DRIP. The
standard line thickness used by a plot generated by DRIP is 2. However, different
line thicknesses (from 0 to 10), types (solid, dotted, dashed, and dashed-dot), and
colors can be used to identify different series.
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Lines/Legends and Scale E1

Line Color Life Trse Line Thickness
Legend 1:  [Barber/Sawyer Green =] [5olid =l 2
Legend 2: ||:asagrande;5hannon |Fred =l [pashed =] |2
Legend 3: | [ . Rl
Legend 4: | = )
Legend 5: | = ~IEy

Legend Font Size: I1 0 e

Firirmum Y alue #-uis: 0

Cancel | M aimum Yalue H-dwis: |1

etz Tick Marks: 3 e Tick Marks:

i Sl v Ais o

b i Value s |30

RN
N

Figure 3-10. Lines/Legends and'Secale dialog box.

e For the sensitivity plots, although.the progtam allows the maximum value for the
X-axis to be changeddo,any n@imber, the plottédhdata might not be extend over the
entire range. This is bécauseé the data‘plotted in'the sensitivity charts is
precomputed for realistic tanges of the imndeépendent value. These ranges are
hardcoded into the program anchcannot be chianged. However, the minimum X-
value can be changedtoany level o increase the resolution of the plotted graphs.

DRIP Property Pages

DRIP has beenfatranged to flowsmbothly from beginning to end of the design process.
This has been aceomplished by breaking the entire drainage design process into six sub-
proeesses and developing a tabbed property page for each: Roadway Geometry, Sieve
Analysispluflow (with the Meltwater sub-screen), Permeable Base design, Separator
layer design, andwEdgedrain design. The user can access any of these property pages by
selecting the appropriate tab along the top of the DRIP client window. The layout of the
propetty pages on the DRIP client window (see Figure 3-1) suggests a logical left-to-right
flow'of drainage design, which is recommended. However, the program has the
flexibility to allow the user to start at any point within the program and to use only a few
of the ptogram components including the use of only a single property page. While the
property ‘pages can be utilized in a stand-alone manner, they are somewhat
interdependent in that the inputs on one page can be taken from the calculations on
another. The interdependencies of the DRIP property pages are shown in

Figure 3-11.
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Sieve Analysis | 0~ ——— ‘

|
Base (required) | Gradation |
Roadway Geometry Subgrade (required) | Plots |
Separator (optional) b ‘

A

Inflow
Separator Layer (Selet
L (Select.one.) Meltwater
Crack Infiltration (Optional)
Infiltration Ratio P

v v
Permeable Base (Select one)

[ Depth-of-Flow
Time-to-Drain (Barber/Sawyer or
Casagrande/Shannon) L, A

| Sensitivity |
| Analysis }
| |
| |

v
Edged select o

Figure 3-11. i P property pages.
The Sieve Analysis, Inflow, Pe. ator, and Edgedrain screens are
actually multiple property pages 1 a specific analysis type using the

radio buttons located in t
performed by that page

corner of the property page, the analysis
example, on the Inflow property page the
ethod or the Infiltration Ratio method by
n the Permeable Base property page, the

property pa

of plots are available from the DRIP property pages including 1) depth-of-
ime-to-drain sensitivity plotting, accessible from the Permeable Base property
page; 2)meltwater inflow plotting, accessible from the Inflow property page; and 3)
aggregate gradation plotting, accessible from the Separator layer property page or the
Sieve Analysis property page.

Input and Output
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DRIP uses standard Windows edit boxes within each property page to display input and
output values, which allows the user to input a value for any parameter after positioning
the screen cursor over the appropriate edit box and clicking the left mouse button. The
user can then type the input value from the keyboard. In many cases, however, it is
desirable to let DRIP calculate the parameter value based on user-provided input values
for other parameters.

Calculator icons beside the parameter labels identify cases where the variable should be
calculated by the program. Calculator icons often are accompanied by an equation that
indicates which parameter values must be input. When the required input valies have
been provided, the calculator icon will become enabled, or “activated”; an agtive
calculator icon is blue in color. By positioning the screen cursor over an active calculator
icon and clicking the left mouse button, the value is calculated and displayed 1 the edit
box. Thus, edit boxes are used as the primary means of both inpuf and output.

An alternative method for navigating to the calculator icon_is to ptessdhe Tabkey until
the desired button has the focus (i.e., until a faint dotted lii€appears around the button
text). Once the button has the focus, hitting the space bar selects the butten.

Even when it is desirable to let the systent€alculatea walue for a specific parameter, the
user always has the option to type a value int@the edit box. "B permit this feature, the
program diligently checks for data conflicts to maimtain consisténcy within a design and
integrity of the program. Thus, typing aswalue for'a parameter that should be calculated
may cause conflicting valued for othér parameters to be erased.

A list of parameters used in this program is includeédhin appendix A, “Standardized
Nomenclature.”

Roadway Geometry.

Although DRI bperates in‘amodilar manner and the design process can be performed in
any order, it is suggested that the user access the Roadway Geometry property page first.
1The Readway Geometry property page screen is shown in Figure 3-12. On the upper
tight side ofithe screenrard,two graphics representing the available options—a roadway
with, crown n the eenterline and a roadway that slopes in the same direction on both sides
of the cenferline. Indicate which geometry best fits the design situation by clicking the
appropfiate radio button. The equation for width of drainage path W reflects the
geometty selection, as will the profile graphic in the middle right side of the screen.

To calculate W, the user must first provide values for the parameters b, the width of
pavement surface, and ¢, the distance from the pavement shoulder to the edge of the
permeable base, by entering this data in the appropriate edit box. When values have been
supplied for both parameters, the calculator icon beside the parameter W will become
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.é_‘ Drainage Requirements in Pavements - example.drp llil

File Options  Help
— Road Geometry

Roadway Geometry I Sieve Analysis I |l I Permeable Base I S eparator | E dge Drain |

W 125 ft

Sp 00141 At b |—1 5 " Geometry A Geometry B

Lp 1768 - | L
C |5 ft

— Materialz
) ' Geomelry &

Baze - Defined
" Geometry B

Subgrade - Defined

Separator - Aggregate W = % e C

Infloww—————————— EE |‘|25 it

Qi o702 pdgnd
Um 118 dam?

— Permeable Baze

H 1 ft

S I
& ID.D1DD it
Edgedrain
U 5o b4

Sp =487 + 55 PIP®  Geotextile
12 br
Qq 0774 fham E Sg 00141 fesit

—Edge Drain - Pipe
z
L= Wyl +(3%,)

D 4 in
Lo 752
- E Lr |1?.se ft

Q 178102 3y

activated. Clicking on this icon to be calculated using the
equation shown. In the same man e provided for longitudinal slope S
and cross slope Sx, the ca i resultant slope Sg and resultant length of

The calculator ic i henever all data values that are required to
evaluate the re i

a value for the use the equation to calculate it. However, doing so
to erase values of other parameters (to avoid inconsistencies).

3 for S and 11.37 m for Lg. Now manually edit the value of W, rounding it up to
ing so erases the value of ¢, because the combination of b and c¢ that are provided
It in a W value of 6 m. The program also erases the value of Lg, because the
.37 m does not reflect the new design parameter that was provided. This
process of erasing data requires the user to recalculate values that reflect new inputs,
thereby adding to the integrity of the final design. It also prevents the user from
mistakenly assuming that values of dependent parameters are still valid.
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A flowchart showing the data flow in the Roadway Geometry property page is presented
in Figure 3-13.

Select
Geometry

Calculate W

Calculate
SR’ LR

Figure 3-13. Flowc Geometry property page.

n in Figure 3-14, is used for gradation analysis
r the base course, separator, and subgrade layers.

ata may be entered in this grid in any order, and cells
is not available for a particular sieve size. Two types of sieve
ange and Value, are available to the user. The Range

When all of the sieve data has been entered, the user can select the calculator button
located in the Gradation Analysis box to perform a grain size distribution analysis. If the
entered gradation data is not consistent, DRIP warns the user by changing the font color
of the value in question to red. For example if the user entered 50% passing the #4 Sieve,
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.;&_‘ Drainage Requirements in Pavements - example.drp ﬂﬂ
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Figure 3-14.

determining grain size
than 10% passes so tha
include the sieve

erly determine D;y. It is also important to

determined.

W

he material is passing so Dgs can be properly
alculator button in the Gradation Analysis box, a

15, Dgo) D50, D60’ D85), percent passing the #200 sieve, CU
ity), and C, (coefficient of curvature or gradation).

< dlstrlbutlon plot. The program defaults to a Power 0.45 horizontal scale, but
may change this to a semi-log scale using the Options | Plot Scale menu

On the main DRIP window, the gradation of the AASHTO #57 material is
igure 3-15 on a Power 0.45 chart as an example.

In addition to entering sieve data, DRIP allows the user to select materials from the

resident Material Library. When a material is selected from the Material Library, all of
the sieve and property data saved for that material will be entered in the appropriate edit
boxes, overwriting the data already present.
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Figure 3-15. Example output ofia valucinputsieve analysis.

The user can also save custom gradation data to'theMaterial Library along with other
material property information,such as amifwweight, poresity, and effective porosity by
following these simple steps

1.

Select the type of layer< base, subgrade,jor separator—for which data will be
entered. This cambedoncbiselecting the appropriate radio button on the
Sieve Analysjs property page.

Select either the Range oxdlaluedata entry form and enter the desired
gradation data.

Click(on the Addybutton ifi the Material Library box. Assuming that the input
data does not contaifificonsistencies, an “Add Gradation to Library” dialog
box appears (see Figure 3-16). If there is an error in gradation data entry, the
inconsisténhdata appears in red colored font and will need to be corrected.
Enter a text<based file descriptor that will be also used as a file name. This
file nameavill have the extension .sgd attached to it and will be saved in the
GradFilcsolder in the DRIP directory. Avoid using any DOS file control
characters (*,/,\,:,?) when describing the material.

After the material is saved to the Material Library, that description will appear in the
library pull down list box. If the user edits this file by entering new numbers in the Sieve
Analysis spreadsheet, the material type will return to <user defined>. The <user
defined> material type is a temporary name and will not be saved if a specific material is
selected from the Material Library.
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Add Gradation to Library |

[aradation Library M ame:

[Mote: &n azcii file with a * 2gd file extension iz
created wzing this ibram name. Care should be taken
nok ko wze file control characters, [5,% L 7

k. I Cancel

Figure 3-16. Add gradation to Material Library.

Materials that are added to the Material Library remain in the library until the file 1s
removed using the Remove button or deleting the appropriate *8gd filé fromthe
GradFiles subdirectory. When a user starts entering data ifiithe Siewe€ analysis
spreadsheet, the name of the material changes to <user defined>. It Ispossible to have
separate <user defined> entries for the base, subgrade, and Séparator Tayers.

Besides gradation analysis, the Sieve Analysisgproperty pdge requests several other user
inputs. These values can be entered directly or €alculated using émpirical formulae.
Permeability, £, of a layer can be calculated using Meulton’s empirical formulation,
which requires particle size afid porogity information, BRIP allows the user to compute
porosity after the unit weight andhthé specificgravity of fite material is entered. A more
accurate estimation of porosity can be gained through laboratory testing. If such data are
available, they should be used in plageef the empirical formulae.

Two analysis methods até supplied for computation of the effective porosity, n—the
water loss method and the water contént method. As the user clicks the appropriate radio
button for each méthod, the,equation £hanges accordingly. For fine materials such as
subgrades, theawater content method 1s recommended. In order to use this method to
estimate n,, the'@pproximate valtuc of the water content should be entered.

For coarseymaterials such as permeable bases, the water loss method is recommended.
To use thisimethed, the user should first select the Water Loss Method radio button. The
“Water Logs ™ dialog Box similar to the one shown in Figure 3-17 opens automatically.
This dialog box contains a table that shows values for water loss for P,y of 0%, 2.5%,
5%, and 10%, for either gravel or sand materials. The user should indicate the type of
fines (filler, sand, or clay) contained in the material by clicking the appropriate radio
button. {Ifithe user has already calculated P,y for the given material, that value will
appear as a column in the grid shown in Figure 3-17. Two water loss values, one for sand
and other for gravel, are automatically computed and displayed in the dialog box in the
P399 column. The user should then select one of the water loss values corresponding to
the material being analyzed with the screen cursor. Once the selection is made and the
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— Type of fines
™ Filler &+ 5l " Clay
AmountofFines | 0 | 25 5 10 PES":""“
Gravel a0 G0 40 a0 40.0
Sand [+ a0 35 18 350

] I Cancel |

Figure 3-17. Water Loss dialog box.

“Water Loss” dialog box is closed by pressing the “OK” button,
appears in the Water Loss edit box on the Sieve Analysis prope

Inflow

e surface type will erase any displayed value of C
er to provide a new value.

ich is recommended in FHWA report number FHWA-SA-92-008 (1992) The
opt to display instead the map for a 1-year, 1-hour storm, which is recommended
TS-80-224 (Moulton, 1980). Both maps show R values in units of in/hr, so if

51s 1s employing metric units, the user needs to manually convert these values to
their metric equivalent.

When values have been provided for both R and C, the calculator icon for inflow, gj, is
activated. Clicking the icon will calculate ¢; using the equation shown.
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Figure 3-1€. Infloy (Infilfration Ratio) property page.

The Inflow screen for the Crack Infilttation method ts shown in Figure 3-19. When the
program begins, the crack ififilffation tafe./c has a default value of 2.4 ft*/day/ft (0.22
m’/day/m). Some otherdliput parameter values may already be filled in when the
property page is first selécted if theydhave been generated by previous inputs and
calculations. Forg&ample, if the user €alculated /' = 5.85 m on the Roadway Geometry
screen using Geometry A“anghvalues' of 9.3 m and 1.2 m for b and c, respectively, then
the W edit box ‘Will contain thenumber 5.85 and the edit box for width of pavement W
willl contain the number 4.65 (or /2). Other parameters to be supplied are permeability
/iy of theypavement surface, transverse crack spacing Cs, and number of contributing
longitudinal éracks Nc.“Np is generally equal to one plus the number of contributing
traffic lanest When walues are provided for all these parameters, the calculator icon for g;
will be aétivated, allowing the calculation to be performed. The user should compare the
valug ealculated here to the value calculated using the Infiltration Ratio method, and
choosg the larger number for the sake of conservatism.

Along the same conservative vein, the user may wish to include meltwater in the total
inflow calculation. The Inflow property page with the Include Meltwater box checked is
shown in Figure 3-20. The heave rates for different types of subgrade soils can be
determined by selecting the calculator icon to the left of the Heave edit box label. A
“Heave Determination” dialog box such as the one shown in Figure 3-21 will open. This
dialog box presents minimum and maximum heave rates for a variety of soil types with
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Figure 3-20.

Inflow calculation with Meltwater included.
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Heave Determination ﬂil

Min. Max Ok I
Soil Type Symbol Q;::_ ::;“sq Heave | Heave | Frost Susceptibility
iniday | iniday Cancel |
Gravel and sandy gravel P 0.4 0.4 012 012 Medium
Gravel and sandy gravel oy 0.7 1 0.0 004 Megligible to low
Gravel and sandy gravel et 1 15 0.04 014 Lawy to medium
Gravel and sandy gravel et 15 4 0.08 014 Tedium
Silty and sandy gravel GP-Gi 2 3 0.04 012 Lawy to medium
Silty and sandy gravel CW-GMW |3 7 012 018 dedium to high
Silty and sandy gravel Ghd 7 10 012 018 High to medium
Clayey and sandy gravel GWLGT (42 4.2 010 010 Medium
Clayey and sandy gravel GM-GC 15 15 0.20 0.20 High
Clayey and sandy gravel o 15 30 010 020 Iedium to high
Sand and gravelly sand SR 1 0.03 0.03 ey low
Sand and gravelly sand =0 2 012 012 Medium
Silty and gravelly sand SP-SM 1.5 Megligible to low
Silty and gravelly sand S-Sk 2
Silty and gravelly sand = 5
Silty and gravelly sand = 9
Clayey and sity sand Sh-SC 9.5
Clayey and sity sand sC 9.5
Sitt andd organic it ML-0L 23
Sitt andd organic it ML 33
Sitt andd organic it ML 45
Clayey sitt ML-CL &0
Gravelly and sandy clay cL 38
|Lean clay
ILean clay
IFat clay
|
different ranges of minus 200 es, the lower bound heave rates are
the same as upper bound heave rat here is very little variability in the

manually enter it into t
the desired row in the t

od is used, the midpoint of the selected
appear in the edit box. In addition to heave rate
ide a value of subgrade permeability kg,. An
can be directly entered based on laboratory test

ed based on sieve data. Selecting the calculator icon next to the
ser to the Sieve Analysis property page from where this

/ priori, or can compute it by first entering values for unit weights y, and y, and
ness Hs and H of the pavement surface and base, respectively, and then clicking

When values have been provided for o, kb, and the Heave rate, the graph icon for
meltwater, gm, is activated. The user can click this icon to display Moulton’s chart for
estimation of meltwater shown below in Figure 3-22. The vertical axis represents heave
rate, in mm/day, and a red line is drawn to indicate the heave rate value. The user can
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5

this example that the subgrade permeability (k) is 100 ft/day, the heave rate
(Heave) 1s 0.1 in/day, and the vertical stress on the top of the subgrade (o) is 200 Ib/ft>.
Enter these values in the appropriate edit boxes and click on the graph icon to determine
gm- Moulton's meltwater chart appears on the screen. On this chart a horizontal red line
marking the entered heave rate of the subgrade (0.1 in./day) appears. In order to compute
the meltwater, the computer mouse can be used to slide the vertical tick line along the



horizontal red line to the location where & is approximately 200 Ib/ft>. When the mouse
is at the right position the value for ¢n/./k,, should read 0.36. A left click of the mouse

sub
button will then produce a value for ¢y, of 3.61 ft*/day/ft*. This value is transported to the
gm edit box on the Inflow property page when the “Evaluation of the Meltwater Inflow”
dialog box is closed.

While including meltwater is a conservative approach, engineering judgment
be exercized in adding this value the pavement infiltration from rainfall — g;. Th
combined inflow of g; and q,,, could be unreasonably high in some situations

Infiltration Ratio

Input Heave
Rate, Unit Wts,

thicknesses
Inflow { Compute pavement
load , o

Itwater

Compute qm

Output
qi+qm

Figure 3-23. Flowchart for the Inflow property page.
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Permeable Base

On the top left corner of the Permeable Base property page, the user may choose whether
to design the permeable base based on depth-of-flow or time-to-drain criteria by clicking

the appropriate radio buttons. It is suggested that total inflow be calculated before
attempting to perform the base design using the depth-of-flow method. The eable
Base property page configured for the depth-of-flow method is shown in Figur

.*_‘ Drainage Requirements in Pavements - example.drp
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low property page, and a value for / may have also been provided
page. If these values are not present, they may be manually

the appropriate edit boxes on this screen. However, for hyperlinked variables
bles identified with an underline), a more correct procedure would be to first

e appropriate property pages where these inputs should be logically entered,
tering them there. In addition to these variables, the user will also need to
provide a value for permeability, £, of the permeable base. It is recommended in
hydraulic design practice that this value be obtained directly from laboratory testing. The
laboratory k value, if available, can be directly entered on this screen. Alternatively, the
user may click the calculator icon located to the left of this parameter to estimate
permeability based on the gradation of the permeable base aggregate. This action will
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take the user to the Sieve Analysis property page where the computation can be made.
However, it must be noted here that the underlying statistical relationship that estimates
permeability from the gradation data was derived for materials with a significant quantity
of material passing the #200 sieve. Therefore, it may not be very suitable for estimating
the permeability of open-graded materials, which typically have very low percent passing
the #200 sieve.

When values have been provided for g;, &, Sg, and Lg, the calculator and graph

program will use the equations underlying Moulton’s permeable base desig
calculate the minimum required thickness Hpmi, of the permeable base. The
check to make sure that the input value of H is greater than the minimum th
required, Hpyin. Clicking the graph icon to the right of the Hp,i, edit boxwi
calculated value of H,,;, over a given range of values for the ind [
selected in the Options | Sensitivity menu command. This allo
sensitivity of the design to variations in inputs. A few typical s

ess H 1s sufficient to
city of the permeable

Once the user is satisfied that the value provi
handle any possible variations in the desi
base, g4, can be computed by clicking the calg
corresponding label.

DripPlot - [Permeability] -0 ﬂ
) Fie  Edt View Window Chart Help -3 x|
|& 2|
ness vs. Base Course Permeability
4
35
3
25
ES)
T
2
5 ~—]
—_—
0
il 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Permeability ift'd)
L=17 Baft,==0.0141 o=0.7 02" 30t "2
Ready [ wom 4

Figure 3-25. Sensitivity analysis for the depth-of-flow method — base permeability
versus base thickness.

3-28



DripPlat - [Length] =lo(x|
) Fle Edt wiew Window Chart Help (=1
a7

Required Base Thickness vs. Length of Flow Through Base

5.5

o B 12 18 24 30 36 42 48 54 60

Length of Flow {ft)

S=0.0141 gq=0T02t"3/dift"2 k=100 00ft iclery

Ready [ om 4

Figure 3-26. Sensitivity analysis for the depth=ef-flow method - length of flow versus
base thickness

The Permeable Base property page configurcd for the time-to-drain method is shown in
Figure 3-27. As with the depth-of=flow method, ¥alues would already have been
supplied for many of the parameters{tom previousscreens. There are calculator icon
buttons beside the labels forpetmeability kand effective porosity 7. that the user can
click to call the Sieve Alalysis property pager Estimated values for these parameters can
be determined based on aggregate gradation input in that page. However, it is
recommended thdt these Values be obtained instead through laboratory testing. Once the
values for k, ndSg. Lr, H, andpeseént drainage U, are supplied, the user can click the
calculator icon 10 determine the time required to drain, ¢£. By default, the parameter ¢ is
éstimated using the'Barber and Sawyer equation. Alternatively, if the Casagrande and
Shannon Method is the pseferred method, the corresponding radio button must be first
selécted and the ealculator button next the ¢ parameter clicked to compute the appropriate
value,

The resulting value for time ¢ required for drainage from either methods can be compared
to the table on the right-hand side of the screen to estimate the permeable base quality of
drainage¢. By default, the table displays the quality of drainage based on the AASHTO 50
percent drained criteria. Alternatively, the user can choose to display base drainage
quality based on the pavement rehabilitation manual 85% saturation criteria by clicking
the appropriate radio button. To translate these criteria to the current design parameters,
the user should select the given equation to calculate percent saturation from the values of
n, ne, and U. The user may have to modify the value of U until it results in a value of S =
85%.
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Figure 3-27. Pe to-drain) property page.

As with the depth-of-flow -to-drain screen also provides sensitivity

e Base property page. Prior to clicking this
lotted on the horizontal axis against the

using the Options | Sensitivity menu command.

e results computed using both Barber and Sawyer
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Figure 3-29. Flowchart for the Permeable Base property page.
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Separator Layer

The default screen that appears when the Separator property page is first selected during
a DRIP session is the configured for the No Separator option. If a design is performed
using this option, DRIP will determine whether a separator layer is required. If instead
the user wishes to perform an aggregate separator layer design, the appropriate radio
button located on the left top of the property page should be clicked. The de
configuration after this selection is made is shown in Figure 3-30. The right sid¢
design screen displays particle size criteria to prevent intermixing of layers. Th
of the screen allows the user to input particle size values (e.g., D;g, D;s, D5y
the permeable base, subgrade, and separator layers. These values should al
present if a complete gradation analysis has been completed for all the mate
Sieve Analysis property page. If the particle size values are missing
the user should go to the Sieve Analysis property page to comp
be done either by clicking the calculator button adjacent to the
clicking the Sieve Analysis tab on the DRIP client windo
values are configured, the balance and graph icons on the
blue in color. By clicking on the balance icon, the aggregat
criteria can be checked. ‘

1@ Drainage Requirements in Pavements - example.drp llll
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Figure 3-30. Separator (aggregate separator layer) property page.

After DRIP determines whether the design passes the necessary separator layer criteria,
left-clicking the graph icon located in the Criteria category box will generate a plot which
graphically summarizes the design performed. For an aggregate separator layer design,
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this plot contains the gradation plots of the subgrade, the base course, and the separator
layer. In addition, the numerical values of the design criteria are also plotted and are
represented using red triangles. The right-pointing triangles denote the lower limit, while
the left-pointing triangles denote the upper limit of the desired gradation band for the
separator layer.

A sample plot generated from the Separator property page is shown in Figurd 3:31. Ifa
chosen separator layer passes all the required design criteria, its gradation should fall
within this desired band as illustrated in Figure 3-31. As with the plots generated-on the
Sieve Analysis property page, either a Power 0.45 or a logarithmic scale cane employed
for the horizontal axis for this plot.
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— —— Gase - - —{ Subgrade

Separator

> Dpser bound 4 Upper bound

Figure 3231. Separator (aggregate separator) Power 45 plot.

Figure 3-32 presents the Separator property page configured for performing a geotextile
separator Jaycr design,”Selecting the Geotextile Separator radio button enables this
analysid screen. As with the aggregate separator layer analysis, the design criteria for the
geotoxtile separator layer are also displayed on the right-hand side of the screen. The
criteria displayed are dependent on the user’s selections for soil retention criteria (steady-
state or'dynamic flow), permeability/permittivity criteria (normal or critical), clogging
criteria (hormal or critical), and the amount of fines in the subgrade material (P2¢).

Material properties for the subgrade should already be in the edit boxes, carried over
from the Sieve Analysis property page. After the necessary values have been provided for
all the subgrade parameters, the calculator icon in the Separator Layer category box
becomes enabled. Clicking this button determines the maximum allowable apparent
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opening size A0S of the geotextile and the m1
geotextile. Typically, at this stage, in desi
requirements is selected and 4
calculator icon for #,,,, will th
of the geotextile for permittivity
recommendation at the bottom of't

erty page.
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A flowchart illustrating ghe data flow of
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parator property page is shown in Figure

Edgedrain

to identify the type of edgedrain. The Pipe Edgedrain
Figure 3-34. Typical values for Manning’s roughness

ann smooth and corrugated pipes are provided on the right-hand side
>n. If Rypanning for the pipe being analyzed is unknown, one of these typical

I' Minanning, Slope S of the edgedrain (by default the longitudinal slope), and pipe
), the calculator icon for pipe capacity Q becomes activated and can be clicked
to calculate the quantity.

After calculating Q, there are three options for determining the required outlet spacing.
The Pavement Infiltration approach is based on the estimated inflow into the permeable
base; this is the default selection in DRIP. The Permeable Base approach is based on the
Depth of Flow capacity of the permeable base. Finally, the Time to Drain approach is
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Figure 3-34. Edgedrain (pipe edgedrain) property page.
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approach is based on the time required for a specific percentage of the water to drain
from a saturated permeable base. Any of these approaches can be selected by clicking
the appropriate radio button. When a discharge rate approach is selected in this manner,
the equation that will be used to compute the outlet spacing is displayed on the screen.
Edit boxes to enter values required to compute these parameters also appear on the
screen. If the user has followed the suggested design flow, values will have already been
provided for each parameter used. Therefore, the user can quickly calculate théy
outlet spacing for each approach and compare the results.

calculation of edgedrain capacity Q. For a geocomposite edgedrain, outlet
L, is actually a parameter used in the calculation of Q, along with slope S o
edgedrain, initial height of flow D, final height of flow D,, and flow
Thus, the calculation of the outlet spacing L, is an iterative proce
with an initial value of L, of 100 m, calculates Q, then iterative
process is repeated until a result is converged upon.

Jed 3
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Figure 3-35. Edgedrain (geocomposite) property page.

A flowchart of the Edgedrain property page depicting the data flow in this screen is
shown in Figure 3-36.
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¢ and printing project summaries have already been outlined in the section
ith DRIP menus. Since DRIP analyses are modular in nature, the summaries

e also divided into subsections—Roadway Geometry, Sieve Analysis, Inflow,
c Base, Separator, and Edgedrain. A summary for a particular subsection is
output only if data has been entered for that analysis or that analysis has been completed.
If no data has been entered, only the primary header of that analysis module is provided.
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CHAPTER 4 - TECHNICAL BACKGROUND
Design Concepts

Design concepts have been developed and put into practice for subsurface drainage
systems for highway pavements. Most of the design procedures used in DRIP are
identical to the procedure advocated by Demonstration Project 87 (FHWA, 1994) and the
NHI Course No. 131026 (FHWA, 1999) on pavement subsurface drainage design.yThe
major steps in the procedures are:

Quantifying water inflow.
Designing the permeable base.
Designing the separation layer.
Quantifying flow to edgedrains.
Computing outlet spacing.
Checking outlet flow.

S

Flowcharts depicting the various components of the program,their téspeetive tunctions,
and the inter-relationships between each cemponent were présented in Chapter 3. In this
chapter, the theoretical background for each of the'progsam camponents is discussed in
detail.

Geometric Considerations

Geometric design decisions such as maximuniand minimum slopes, pavement and
shoulder interface, cross-sections, do€ation of filter fabrics, overlap of fabrics, joints,
separation layer location, trengh. dimensions, and so on are critical to pavement
performance. Filter fabri€sshould be seléeted only when the subgrade provides adequate
support for compaction/of the drainage lay€r> Pipe cover requirements are a function of
loading and frost depth. In freeze-thaw areas, trench walls should not be steeper than 10
vertical on 1 horizorital o1 the depth/6f frost penetration to minimize differential heave
(AASHTO, 1986). Slopingofthesiench is not required in non-frost areas unless the
pavement over the teench is subject to high-speed traffic. Trench backfill is a critical
Compenent, and propés selection of backfill material and construction procedures are
neccssany

Fot rigid pavements, the permeable base is generally placed directly beneath the portland
cement@oncrete (PCC). A separator layer is placed between the permeable base and the
subgtade to prevent fines from migrating into the permeable base. For flexible
pavements, the permeable base may be directly beneath the asphalt concrete (AC) layers.
However, placing the open-graded material directly beneath a thin AC surface could lead
to early failures. Adequate surface thickness is essential to protect the relatively weak
permeable base layer. The design pavement thickness and location of the permeable base
should be in accordance with the AASHTO Guide (AASHTO, 1986), NHI Course
131026 (FHWA, 1999), or other standard design practice.
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In designing the drainage of a permeable base, it is important to use the true slope and
width of the permeable layer. When the longitudinal slope (S) is combined with the
pavement cross slope (Sy), the true or resultant slope (Sgr) of the flow path is determined
by the equation:

Sr=(S*+8,H)" Eq. 4-1

where,

Sk = Resultant slope, ft/ft
S = Longitudinal slope, ft/ft
Sy = Cross slope, ft/ft

The resultant length of the flow path is:
Lrg =W [1 + (S/Sp)*]"? Eq. 4-2

where,

Lr = Resultant length of ﬂo‘th t ermeable base, ft
w

Width of permeable base, fi

Coefficient of Permeability

The coefficient of permeabili
base materials. The most signifi
size, Dy, porosity, n, and pe

aracteristics of the permeable
ing permeability are effective grain
sieve, Pygo. These parameters

ion in the hydraulic conductivity measured.
ital to the stability of granular materials. To
ious that the fine portion of the aggregate must
be removed; thu ainage layer may be adversely affected.
Stabilizing wi alt or portland cement, particularly for the more
open- sate for this adverse effect. The addition of the

However, proper grada
obtain the desired

ility, it is
ity for th

k= CDio” Eq. 4-3
where,
k = Permeability, mm/s
Djy = Effective grain size corresponding to size passing 10 percent
Cx = Experimental coefficient



A statistical relationship for permeability, developed by Moulton (1980), has the form:

k=[(6.214 x 10°) Dyo"*"® n®%*] / P>’ Eq. 4-4
where,
n = Porosity
Pooo = Percent passing No. 200 sieve

The above equations show that elimination of fines (passing No. 200 sieve) §
increases the permeability. The character of the fines (i.e., plastic or non-ple

Porosity

The void ratio or porosity of soils, though less important than g
structure, often has a substantial influence on permeabilit i oil will
also dictate the amount of fluid that can be held within the
lower its permeability and the less water ifycan retain. nt of water that can be
contained in a soil will relate directly to t&r ter contained in a soil

can be drained by gravity flow since water r dhering to the soil
particles and held by capillary action will not , to determine the
volume of water that can be removed i ective porosity (n.) must be
known.

The effective porosity is a measu ater that can be drained by gravity
flow from a soil. Whereas i
total volume of a sample i ity is a ratio of the volume of voids that can

ge system. The difference in the porosity and
held in a sample by capillary and film forces.
T and a volume of voids of V, the porosity is:

n=V,/Vt Eq. 4-5
VT = 1
n=V, Eq. 4-6

The volume of voids can be estimated if the specific gravity, Gs, and dry unit weight (y4)
of the material are known by:

Vv = VT - Vs Eq. 4-7
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or
Vv =Vr— (74 V1)/ (Yw Gs) Eq. 4-8

and

n=V,=1-v4/(yw Gy

when:
V=1

The effective porosity then can be represented by:

ne=(Vy-VR)/Vr=n-Vr/Vr Eq. 4-10
where Vy is the volume of the water retained in the soil.
The volume of water retained in a soil is&‘-pute
Eq. 4-11
where w, 1s the water conte
For the case where:
=n- Y4 We/Vw Eq. 4-12

timated if the material specific gravity, dry density,
e of material is measured. The effective porosity is then computed
ne:Ve/VT Eq. 4‘13
types of materials, the ratio of effective porosity to the porosity expressed as a

percentage has been determined and can be used to estimate the effective porosity
(FHWA, 1992).
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Thus,

n.=n W /100 Eq. 4-14
where W is the water loss, which is the percentage of water drained from the sample.
Reported values of Wy expressed as a percent are (FHWA, 1992):

< 2.5 Percent Fines 5 Percent Fines > 5 PercéntiFines
Fille | Silt Clay | Filler Silt Clay | Filler Silt Clay
r
Gravel | 70 60 40 60 40 20 40 30 10
Sand 57 50 35 50 35 15 25 18 8

Water Inflow Into Pavements

The major sources of inflow into the pavement structure are surface infilfratiofi, water
flow from high ground, groundwater seepage, and meltwatér fromiee lenses (Cedergren,
1994; FHWA, 1990; AASHTO, 1986) In the Participant Notebook fer Dembiistration
Project 87 (FHWA, 1992) and the NHI Course No. 131026 (FHWA,1999), only surface
infiltration is considered in estimating the inflow dImthe case Of a high water table, the
amount of groundwater seepage entering the permeable Base may be a concern, but
subsurface drainage layers are normally not installed as a corteetive measure for
groundwater seepage. In northern climates with {fost heave, the meltwater from ice
lenses must also be considered, in detefmining the totahamount of inflow. While the total
amount of inflow is not requiredwhile designing pavements based on the time-to-drain
method, it plays an important rol€ i the depth-of-flow based design.

Infiltration

The single largest source of water in‘pavements is that entering the pavement surface
through cracks and joints in the surfa¢e, cracks or joints between the pavement and
shoulder, through the shouldéss, and from side ditches (AASHTO, 1986; FHWA, 1992;
Cedergren, 1974). \A new pavement may have a virtually impermeable surface, but well
biefore the end of the design life, the pavement will likely contain unsealed cracks and
jJoiuntopenings. The design of the permeable base should be based on the cracked surface
condition and Sheuld account for the total infiltration that could be expected.
Permeability of uneraeked specimens of AC after being subjected to traffic and PCC are
on the\ofller of 1 x 107 cm/s (15x 107 ft/day), indicating that any infiltration is through
cracks and joints, and not through the pavement surface itself (Barber and Sawyer, 1952).
For paveéments in Connecticut, Ridgeway (1976) found that the duration of rainfall is
more immportant than its intensit. Ridgeway also found that the infiltration to be related
directly to cracking of the pavement, and recommended a design infiltration rate (I.) of
2.4 ft*/day/ft of crack.
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Meltwater

In areas of frost, Moulton (1980) suggests that flow caused by frost melt should also be
included in the inflow rate and has provided charts for determination of the design rates.
Moulton developed a chart for estimating the inflow of meltwater from ice lenses, as
shown in Figure 4-1. The rate of seepage is greatest immediately following ing and
increases rapidly. Because the maximum rate of drainage exists for only a sho i
period, the design inflow rate g,, is the average rate during the first day of thawi
inflow ¢,, depends on the average rate of heave and the permeability & of the
well as the consolidation pressure o, on the subgrade. The average rate of
determined from laboratory tests or estimated using Table 4-1. The value o
determined by calculating the density of the pavement overburden
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Figure 4-1. Chart for estimating meltwater (Moulton, 1980).



Table 4-1.

Heave rates for various soil types (Moulton, 1980).

Unified Classification Symbol Percent < (.02 Heave Rate Frost
mm mm/day Susceptibility

Gravels and Sand Gravels GP 0.4 3.0 Medium
Gravels and Sand Gravels GW 0.7-1.0 03-1.0 Low
Gravels and Sand Gravels GW 1.0-1.5 1.0-3.5 Low to Medium
Gravels and Sand Gravels GW 1.5-4.0 3.5-2.0 Medium
Silty and Sandy Gravels GP - GM 2.0-3.0 1.0-3.0 Low toiMedidn
Silty and Sandy Gravels GW -GM & GM 3.0-7.0 3.0-4.5 Médium to High
Clayey and Silty Gravels GW - GC 4.2 2.5 Medium
Clayey and Silty Gravels GM - GC 15.0 5.0 High
Clayey and Silty Gravels GC 15.0 -30.0 2.5-5.0 Medium to High
Sands and Gravelly Sands SP 1.0»2.0 0.8 Very Low
Silty and Gravelly Sands SW 2.0 3.0 Medium
Silty and Gravelly Sands SP=SM 15520 02-1.5 Low
Silty and Gravelly Sands SW*-SM 2.0-5.0 1.5-6.0 Low to High
Silty and Gravelly Sands SM 5.0-9.0 6.0-9.0 High
Clayey and Silty Sands SM - SC & SC 9.5-35.0 5.0-7.0 High
Silts and Organic Silts ML - OL 23.0-33.0 1.1-14.0 Low to High
Silts‘and Ouganic Silts ML 33.0- 45.0 14.0 - 25.0 Very High
Clayey Silts ML - CL 60.0 - 75.0 13.0 Very High
Gravelly and Sandy Clays CL 38.0 - 65.0 7.0 -10.0 High
Lean Clays CL 65.0 5.0 High
Lean Clays CL -OL 30.0 - 70.0 4.0 High
Fat Clays CH 60.0 0.8 Very Low
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Groundwater

Seasonal fluctuations of the water table (most commonly in spring and winter) can be a
significant source of water (FHWA, 1992). If the analysis shows that groundwater will
be a factor in the performance of the pavement, the designer should seek assistance from
geotechnical specialists. Rarely is a pavement subsurface drainage system the most
efficient way of handling water other than infiltrated or meltwater (AASHTO, 1986).

Computation of Infiltrated Water

Two methods have been used extensively in evaluating surface infiltration: the
infiltration ratio method (Cedergren et al., 1973) and the crack infiltration méthod
(Ridgeway, 1976). The infiltration ratio method is highly empirical@anghdepends on both
the infiltration ratio and rainfall rate. The crack infiltration meth6¢d1s based bn theresults
of infiltration tests. It has been found that the infiltration is dire€tly related togracking.
A large difference in infiltration predicted from these two methads hds been observed.
Since the crack infiltration method is more rational and is'based on ficld meaSurements, it
is used more often in determining the surface infiltration; hgwever, the ififiliration ratio
method can be used as a check. If necessany, the larger of the two results may be used in
the design inflow.

Infiltration Ratio Method

The infiltration ratio method 1§ @sindplistic method of €stimating water inflow. The
method assumes that a fixed portion of rain falling.on a pavement will enter the
pavement. Thus, all that is neededs an infiltration ratio and rainfall rate. For
application the 1-hour durati®n)2-yeat frequency rainfall is recommended (FHWA,
1992). Cedegren (1974)(has recommendedhinfiltration ratios varying from 0.50 to 0.67
for PCC pavements and 0.33 to 0.50¢0r AC pavements. The equation for the inflow is:

;= CRF Eq. 4-15
where:

= Pavement infiltration, m*/day/m’ (ft*/day/ft%)

= Infiltration ratio

= Rainfall rate mm/hr (in/hr)

= Conversion factor, 2.0 for in/hr, 0.24 for mm/hr; (these factors
are included automatically in the DRIP program)

Thx O 8

Crack Infiltration Method

Ridgeway (1976) recommended an inflow rate estimated by the water-carrying capacity
of a pavement crack or joint and by an estimated joint or crack length. Ridgeway’s
research indicated that the condition of the crack or joint (i.e., sealed or unsealed and
debris filled, wide or narrow cracks or joints) and the type of base layer underlying the
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pavement surface (i.e., open-graded or dense-graded) both play a role in defining the

infiltration capacity of the joint/crack. For high capacity joints/cracks, high intensity,
short duration storms are important. For low capacity joints/cracks, storm duration is
more important than intensity (Crovetti and Dempsey, 1993).

The design approach presented in the FHWA Drainage Manual (Moulton, 1980) uses the
crack infiltration method, and Demonstration Project 87 and the NHI Course 131026
present it as the preferred method. An equation to compute the infiltration rate
“normal” conditions of uncracked pavement is:

qi = Ic [N/W + W/(WCy)] + k,

where:
qi = Rate of pavement infiltration, m*/day/m? (ft*/day/ff
I. = Crack infiltration rate, m*/day/m (ft’/day/ft)
N. = Number of longitudinal cracks
W, = Length of contributing transverse joints or cr.
W = Width of permeable base, t)
Cs = Spacing of contributing transyerse j
k, =Pavement permeability, m/day
A value of I, = 0.223 m’*/day/m (2. 4 ft’ 1 sted for computations based on

studies of saturated joints/cr
the average infiltration rate m
graded materials.

Design of Permeable B

H =% [ 2 S R Eq. 4-17
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Case 2 where: (82 —4qi/k) >0
N
2,52 -4q, /k
7 | s—Js*~aq sk
H, =" L, Eq. 4-18
2
ko7l S+4S*~4q,/k

Case 3 where: (82 —4qi/k) =0

,qi -
Hl = ;LRI

where H; is the depth of water at the upper end of the flow path.

chart, which has been widely used, is presented in Figure
permits the determination of the maximum depth of flow,
values of the design inflow rate, q;, the permeability of the
the flow path, L, and the slope of the drai
Conversely, it is possible to determine the re

Shannon (1952), select
saturated base. Solutio
Casagrande and
developed by

in conditions have been presented by both
Barber and Sawyer (1952). The equations
are:

- 1
Sl—Sfln[MJ+Slln 25, ~2US, + Eq. 4-20
S, (2-2U)(s, +1)

0.5 and

T=(1.2-04/ s%){zusl _ sfm(sl;&J} Eq. 4-21

1
for the case where U <0.5.
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Moulton for depth-of-flow (Moulton, 1980)

U = t drain. sed as a fraction, e.g., 1 percent =0.01)
ctor = H/(LS)

= Time for drainage, U, to be reached
= Permeability of granular layer
= Effective porosity of granular material

The Barber and Sawyer (1952) equations are:

Eq. 4-22

- 1.2
T=0.5S, —0.48Sf10g(1+2.4/81)+I.ISSllog{ 5, ~US, + }

(1-U)(S, +2.4)
for the case where 0.5 <U < 1.0 and
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T=US-0.48S}log(1+4.8U/S,) Eq. 4-23

for the case where 0 < U < 0.5.

where:

U = Percent drainage (expressed as a fraction, e.g., 1 percent =0.01)
S; = Slope factor = H/DS

= Thickness of granular layer

= Width of granular layer being drained
= Slope of granular layer

= Time factor = (tkH)/(n.L?)

= Time for drainage, U, to be reached

= Permeability of granular layer

ne = Effective porosity of granular material

T Hng T

The solution by Casagrande and Shannon has been develop
Figure 4-3. This chart has been more Wi‘ use

0.1

0.2 3 SR
MRNNS M

0.5 \\\ i\ :*7 ; ‘::Id Capacity
\ N
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egree of Drainage - U

0.5
Time Factor - T

e 4-3. Casagrande and Shannon chart (Cassagrande and Shannon, 1952)

Casagrande and Shannon (1952) recommended a criterion of 50 percent drainage in 10
days. Unfortunately, their criteria and reference are applied without regard to the
background for the recommendations. The study conducted by Casagrande and Shannon
was in connection with problems with flexible military airfields in the northeastern
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United States, where the severe saturation of the base was due to freeze-thaw of base and
subgrade. The criterion proposed was primarily for drainage of a saturated base of
flexible pavements due to thaw of ice lenses. There is no reason to expect the
Casagrande and Shannon relationship to adequately solve other problems of pavement
drainage. Consider that drainage of the thick base of a flexible pavement is quite a
different problem from drainage to prevent pumping of the base of a rigid pavement.
Thus, in setting criteria for drainage, both the pavement and the problem must be
considered. In fact, the NHI Course 131026 (FHWA, 1999) lists a set of criteria toyjudge
of quality of permeable bases under highways, which is quite different from those of
Casagrande and Shannon.

Although the design criteria (time of drainage and degree of drainage) are the most
critical factors in the design process, setting these criteria has been rather arbitsary
because policy sets the design criteria. The designer can only considesthe permeability,
thickness, slope, length of drainage path, and effective porosity in'the designyto achieve
the target values. The slope and length of drainage path are set by the ggbmetry of the
pavement over which, in most situations, the designer will have 1o cafifrol. For most
highways, the slope and length of the drainage path will change ¢ontinuously/along the
pavement length, posing the designer with the problem of sg¢lecting thérappiopriate
design parameters. The time for drainageds not sensitive to the thickness, so the design
problem in regard to time for drainage involves sclecting the material for the permeable
base to provide adequate permeability. The t@oymethods‘€ambe combined such that the
permeable base is required to meet the criteria 0f Beth depth-ot<flow and time-to-drain.

Materials Requirements fot Permgabie Base

The quantification of drainage matérial parametets plays an important role in determining
drainage capacity. Porosity.and.effective porosity define an aggregate material’s ability
to store and give up watef. Effcctive potosity, the coefficient of permeability, and
percentage of saturation are requiredn the'€alculation of the time to drain. Among all
these drainage parameters, the coefficient of permeability is the most important in the
quantification of the depth of flow in/the permeable base and its time to drain. The
influence of vdrious factors(poresfluid and temperature, grain size, void ratio, and
structure and stratification) on the permeability of soils has been studied (Huang, 1993).

Giadation

The gradation of aggecgates comprising the permeable base has the greatest influence on
permedbility. Typical gradation specifications used by some State highway agencies are
showi in Table 4-2. The recommended minimum coefficient of permeability is 1000
ft/day foriuse in high-type highways. The gradations in Table 4-2 are considered to
providepermeabilities on the order of 1000 to 5000 ft/day in the unstabilized form.
However, the AASHTO No. 57 and AASHTO No. 67 gradations shown in the table are
typically modified with either asphalt or cement. Other typical gradations used in
asphalt-stabilized applications are shown in Table 4-3, and those used in cement-
stabilized applications are shown in Table 4-4.
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Table 4-2. Typical unstabilized permeable base gradations (FHWA, 1999).

Percent Passing Sieve Size
State
2in [1%in| lin %in | 2in | 3/8in | No.4 | No.8 | No. 16 | No. 40 | No. 50 | No. 200
AASHTO #57 100 | 95-100 25-60 0-10 0-5
AAHSTO #67 100 [ 90-100 20-55 | 0-10 0-5
Iowa 100 10-35 0-1§ 0-6
Minnesota 100 [ 65-100 35-70 | 20-45 2510 0-3
New Jersey 100 | 95-100 60-80 40-55 | 5-25 0-12 0-5
Pennsylvania | 100 52-100 33-65 | 8-40 0-12 0-5
Table 4-3. Typical asphalt-stabilized permeable base gradations (FHW AL 1999).
Pereent Passing Sieve Size
State
1 in % in 3/8 in No. 4 No. 8 No. 200
California 100 90-100 20-45 0-10 0-2
Florida 100 90-100 20-45 0-10 0-5 0-2
[linois 90-100 84-100 40-60 0-12
Kansas 100 90-100 20-45 0-10 0-5 0-2
Ohio 95-100 25-60 0-10
Texas 100 95-100 20-45 0-15 0-5 2-4
Wisconsin 95-100 80-95 25-50 35-60 20-45 3-10
Wyoming 90-100 20-50 20-50 10-30 0-4
Tablef4-4. Typieal cement-stabilized permeable base gradations (FHWA, 1999).
Percent Passing Sieve Size
State
1 %in 1 in ¥ in ¥ in 3/8 in No. 4 No. 8
California 100 88-100 X+15 X+15 0-16 0-6
Virginia 100 25-60 0-10 0-5
Wisconsin 100 90-100 20-55 0-10 0-5
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Design of Separator Layer

The separator layer may be a granular base material or an appropriate geotextile. The
separator layer must (a) prevent fines from pumping up from the subgrade into the
permeable base, (b) provide a stable platform to facilitate the construction of the
permeable base and other overlying layers, (¢) provide a shield to deflect infiltrated water
over to its edgedrain, thereby providing protection for the subgrade, and (d) distsibute
live loads to the subgrade without excessive deflection. Only an aggregate sepatater
layer can satisfactorily accomplish (b) and (d). The granular separator layer is preferted
to the fabric since the granular layer will provide the construction platform and
distribution of loads to the subgrade. When geotextiles are used as separator layers, they.
are most often used in connection with stabilized subgrades, which provide the
construction platform and load distribution. Both granular and geotextile materials can
prevent pumping of fines if they satisfy the filter requirements. Fhethickness of the
granular separator is dictated by construction requirements and £an rangé frome to 12
inches.

Material Requirements for Separator Layer

Ageoregate Separator Layer

Most SHA’s use dense-graded separator layers typical of the gradation shown in Table 4-
5. Permeability requirements are not applied to the Séparator layer, but they must meet
filter requirements. The maXimum percent of fines passing the No. 200 sieve should not
exceed 12 percent, and the coetfi€ient of uniformity should be between 20 and 40.

Table 4-5. Tgpical’gradation requirements for separator layer.

Sieve Size Percent Passing
1/ in 100
Yy in 95 - 100
No 4 50— 80
No. 40 20-35
No. 200 5-12

Ta eénsure that the gradation of the separator layer will prevent subgrade fines from
migrating up, and to ensure that fines in the separator layer do not move into the
permeable base, the following criteria are imposed:

At the Separator and subgrade interface:

D5 (separator layer) < 5 Dgs (subgrade) Eq. 4-24
Dsg (separator layer) < 25 Ds (subgrade) Eq. 4-25

4-15



At the separator and permeable base:

D5 (base) < 5 Dgs (separator layer) Eq. 4-26
Dsg (base) < 25 Ds (separator layer) Eq. 4-27

The aggregate separator layer should consist of durable, crushed, angular aggregate. The
aggregate should meet requirements equivalent to Class C aggregate in acco e with
AASHTO M 283 (this standard has been discontinued). The Los Angeles abra
should not exceed 50 percent as determined by AASHTO T 96. The soundne
not exceed 12 or 18 percent loss as determined by the sodium sulfate or magfiesium
sulfate tests, respectively, following AASHTO T 104. Compacted density should be 95
percent of the maximum density in accordance with AASHTO T 180.

Geotextile Separator Layer

For geotextiles as separator layers, the following criteria have b ended where
steady-state flow is anticipated (generally the case when as arator T)

(FHWA, 1998):
AOS or 095%)& ile) =

Eq. 4-28

where:

The coefficient B . and is a function of the soil type to be filtered,
i i i soil is granular, and geotextile type (woven or

B=0.5C,

Cy = Deo/Dio Eq. 4-29
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Sandy soils, which are not uniform, tend to bridge across the openings; thus, the larger
pores may actually be up to twice as large as the larger soil particles because two
particles cannot pass through the same hole at the same time. Therefore, use of B =1
would be conservative for retention. For silts and clays, B is a function of the type of
geotextile:

for woven geotextiles B=1; Ogs5 < Dgs
for nonwoven geotextiles B=1.8; O95< 1.8 Dgs
and for both AOS or O95< 0.3 mm

To ensure that the geotextile will survive the construction process, certain n
geotextile strength and endurance properties are required (FHWA, 1998).
minimum requirements are presented in Table 4-6. Note that these

(Holtz et al., 1998).

Property ASTM Test bUnit
Method Elongation :
> 50%
Grab Strength D 4632 700
Sewn Seam Strength3 630
Tear Strength 250
Puncture Strength 250
Burst Strength 1300

1 The geotextile class is b

esigried for (FHWA, 1992):

avement infiltration flow rate.
2eak flow from the permeable base.
erage flow rate during the time to drain the permeable base.

For design based on the pavement infiltration flow rate, the design flow capacity of the
edgedrain is:

Q=QpxLo=(qi W) Lo Eq. 4-30
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For design based on peak flow, the design flow capacity is:
Q=Qpx Lo=(kS:H) Lo Eq. 4-31

For design based on average flow to drain the permeable base, the design flow capacity
is:

Q =Q, x L, = (WHn.U(24/t)) L, 4-32

where,

Q = Pipe flow capacity, m*/day (ft*/day)

Qp = Design pavement discharge rate, m*/day/m (ft’/d

qi = Pavement infiltration, m*/day/m’ (ft'/day/ft®)

w = Width of the granular layer, m (ft)

L, = QOutlet spacing, m (ft)

k = Permeability of granular layer, m*/day (

U = Percent drainage (as 1 percent =0.01)

Sy = Transverse slope, m/m )

H = Thickness of granular layer,

t = Time for drainage, U, to be

ne = Effective porosity of granular
Although there are three met ed capacity of the edgedrains,
good engineering requires that t i ainage system should increase as the
water flows through the system. ingeting would dictate that, at a
minimum, the capacity o ould be equal to the peak capacity of the

permeable base.

ssumed that all the flow is to be handled by the
le backfill in the edgedrain trench, this will result
ide a factor of safety against settlement of material
city of a pipe edgedrain is computed using the Manning

1954) equation:

In designing the
pipe. For syst

0=—S""R*’4 Eq. 4-33

= Pipe flow capacity

= Slope of the pipe invert

Pipe coefficient of roughness
Pipe cross-sectional area

A meter

second

> B
I

=1
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r=A_D
P 4
P = Wetted perimeter of pipe
D = Pipe diameter
Therefore,

0=(K/n)S"*(D/4)**x(D/2)?
where

Q is in m*/sec
D is in meters
Kisin (meter)l/ 3sec

Converting to English units:

Q=(53.01/n)S"*D

\ 4

Eq. 4-35
where

ft*/day
= inches

Q
D
f roughness for smooth pipe is

In examining the design process it rtain properties, i.e., pipe diameter,
pipe type, and outlet spaci led. The selections between pipes are very
limited, and usually wit ingle pipe type and size are used; thus, the
design process is reduc i the distance between outlets. By setting the

i ement discharge per unit length, Q,, equations

QpxLo=Q Eq. 4-36
L, = Q/(qiW) Eq. 4-37

r peak flow:

L, = Q/kS,H Eq. 4-38

4-19



For average flow:
L, = (Q t)/(24WHN_.U) Eq. 4-39

Although the distance between outlets and pipe size can be computed based on theory,
the actual outlet spacing used in the field may be dictated by good engineering practice.
Many agencies specify maximum spacing of outlets and minimum pipe size bised on
maintenance requirements. It is common to specify a maximum spacing of 7510 K00 m
(250 to 300 ft) for outlets and a minimum pipe diameter of 75 to 100 mm (3 to 4 11.).

Filter Requirements for Edgedrains

The filter material must be fine enough to prevent the adjacent soil from.piping ox
migrating into the edgedrains but coarse enough to allow the pasgdge of water with no
significant resistance. To meet the filter criteria, it may be neceSsary to iS¢ seyeral
different aggregates, one placed adjacent to the other. This, pro¢edure@is difficult to
construct without contamination and can be replaced by u§ing gootextiles.

Geotextiles may be used as an envelope for trench drains, a Wrapping for pipe drains, or
as a filter for permeable bases. A geotextile can beselected ta satisfy the filter criteria
and replace the aggregate filter. Due to the reldtive easc'af imstallation (as compared to
the difficulty of placing a filter aggregate and a'¢oarse aggregate in separate layers
without contamination), the use of geotentiles may béymore cost-effective.

The filter criteria (clogging/permeability criterion) for aggregates were originally
developed by Betram (1940) based on the ratio of the grain size of filter material to the
size of soil. The clogging critesion ensures that the filter material is fine enough to
prevent the adjacent finexinaterial frontpiping or migrating into the filter material, and
the permeability criterign ensures thesnaterial is coarse enough to allow flow of water.
The work of Betram, was later expanded by the U.S. Army Corps of Engineers (1955).

Unlike the filtéf¢eriteria used itthe gradation analysis of aggregates, a variety of filter
criteria have becn developed by a number of organizations and researchers. Based on a
feview of these criteria, the FHWA Geotextile Engineering Manual (FHWA, 1995)
suggcsted the use of more, stringent criteria when the hydraulic loadings are severe or the
performance of thexdrainage system is critical to the protection of roadways and pertinent
structuresd The retention or pumping resistance criteria, the permeability criteria, and the
clogging criteria for selecting the required AOS (apparent opening size) of geotextiles
have been specified in ASTM (ASTM, 1989).

The filter eriteria for pipes are also required when perforated or slotted pipes are used for
the collection and removal of water. The material in contact with the pipes must be coarse
enough that no appreciable amount can enter into the pipes. The current filter criteria
used in selecting pipes are based on the U.S. Army Corps of Engineers criteria (1955).
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Prefabricated Edgedrains

Koerner (1991) provided recommended requirements for prefabricated edgedrain filters,
as shown in Table 4-7. Koerner states the following design considerations for
prefabricated edgedrains:

The core must be capable of sustaining a certain amount of stress.

The core must have a required flow rate.

The geotextile must be capable of passing the flow.

The geotextile must be capable of retaining the adjacent soil.

The geotextile must sustain the normal stress between core protrusioni locations.

Recent findings (NCHRP, 1994) indicated poor performance by prefabricated
geocomposite edgedrains, including problems with soil retentiod and excessive clogging.
The study recommended that the geocomposite prefabricated drains shéuld b¢ installed to
the shoulder side of the trench with the pavement side backfilled with a suitablé sand.
This is shown in Figure 4-4.

Design of Outlet Drain

Design of the outlet drain mainly consists of chiéeking the capacity of the outlet pipe to
ensure the capacity of this pipe is at least as greatasithe edgedrain. The slope is dictated
by the roadway geometry, buthif possibile it should not be less than 3 percent. The
capacity of outlet pipes is checked by using Manning’sformula.

Retrofit Edgedrains

There are differences offopinion as to the'@ffectiveness of various remedial pavement
drainage techniques and how these shiould be designed. These differences may be due to
a lack of good doglithentation to substantiate the various opinions and because of the
many variablessthat affectpavwementidrainage. A study (FHWA, 1989) conducted to
evaluate the designrequirements and effectiveness of edgedrains concluded:

e The edgedrain should be located under the shoulder immediately adjacent to the
pavement/shouldér’joint.

e Byéliminatingrthe filter fabric at the subbase/edgedrain interface, eroded fines
gannot clog the filter fabric.

o Irench backfill should be permeable enough to transmit water to the longitudinal
edgedrain pipe; asphalt or cement treated backfill increases stability with little or
10 loss of permeability.

e The most commonly used trench width was 12 in; locating the top of the pipe at
the bottom of the layer to be drained was recommended.

e Outlet spacing should not exceed 500 ft; additional outlets should be provided at
the bottom of sag vertical curves.
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Table 4-7. Recommended properties for prefabricated edgedrains (Koerner, 1991).

Requirement Method Value
Core Strength GRI GG4 > 9,600 Ibf/in’
Core Flow Rate ASTM D4716 > 15 gal/min - ft
Geotextile Permeability ASTM D4491 >0.001 cm/sec
Geotextile AOS ASTM D4751 > No. 100'§1éxe
Geotextile Puncture ASTM D3787 >751b
Geotextile Grab Strength ASTM D4632 > 180 1b
Geotextile Tear Strength ASTM D4533 >751b

I
!
ls:l
A

1967009957603 X
SissE
§S<<‘\$\b<'\<\°\\\'"\\ 3:&1&\

| (a) Efisting location of PGED's by current placement methods

(b) Recommended location of PGED's for future placement methods

Figure 4-4. Recommended installation of prefabricated geocomposite edgedrains

(NCHRP, 1994)
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e Because of the tendency of flexible corrugated plastic pipe to curl, use of rigid
PVC pipe was recommended for outlet laterals; rigid PVC pipe helps maintain
proper outlet pipe grade and provides protection from crushing.

e Headwalls protect the outlet pipe from damage, prevent slope erosion, and ease in
the locating of the outlet pipe.

Dempsey (1993) reported on retrofit prefabricated edgedrains used in a flexible sunway
pavement. Measurements indicated that 25 to 45 percent of the rainfall infiltrated the
pavement and passed through the retrofit edgedrains. It was observed that watesdlow
from the pavement joints and cracks ceased once the system was installed. Stirface
seepage and frost heave problems did not occur after the subdrainage installation.

Flow in Geocomposite Fin-Drains

The flow longitudinally in the core of geocomposite fin-drains has beendind isdeing
determined by two basic laboratory test procedures. The flow rate tegt that most
manufacturers and testing laboratories use is ASTM D-4716\Constant Head Hydraulic
Transitivity (In-Plane Flow) of Geotextile and Geotextile Related Produgis. "This test
method was developed to test geocomposite draing,for use in geotechnical application
and 1s not particularly applicable to pavements. Inthisitest method, the test specimen is
placed horizontally, as shown in Figure 4-5.

1ta 4

WATER PLATEN an

RESERVOIR —t— >
%

TEST _;_// . ' \(>

SPECIMEN B8ASE

~—~

Figuré 4.5. Constant head hydraulic transitivity testing device.

Koerner (1991) states that this test is not a particularly good simulation of the edgedrain
situationprimarily ‘because the core lies horizontally and flows full instead of being
positiofied vertically and only flowing in the lower flow zone. According to Koerner,
Dempsey (1988) has developed a more accurate test. The problem Koerner had with the
test developed by Dempsey is that it required 30 ft of floor space; thus, in Koerner's test
the ASTM D-4716 test method was used.

The main equipment components for the test method developed by Dempsey (1988)
consist of the 20-ft flow channel that contains the geocomposite or fin drain material and
a weir box for measuring the volume of water flow. A schematic diagram of the
laboratory equipment is shown in Figure 4-6. Using the equipment shown in Figure 4-6,
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Figure 4-6. Schematic of the equipment to détésmine fin-deain flow (Dempsey, 1988).

Dempsey conducted tests fo@mumbér of fin-drain mateérials. Table 4-8 contains the
characteristics of the different materials tested.  Fhe results of the test are given in Table
4-9. Dempsey assumed the flow 1 a fin-drain to'bésimilar to the flow in an open
channel such that Manning's.equation Wwould be applicable to develop the flow equation.

Q=0DG"? Eq. 4-40

where:

Qf Flow'inft’/day

O Fin-drain flewsfactor in ft*/day/inch

G'& TFotal hydraulic gradient (in the test G=S + H/L)

S ="Tsench slope

H = Différence in height of water entering and height of water at exit

D =Depth of water flow in inches

The'wallies of C were determined and reported in English units of ft*/day/inch. To
convert to metric units of m*/day/mm, multiply the value in English units by 0.001115.
The flow factors of some of the tested products are (FHWA, 1990):

Product C Value. ft*/day/inch C value, m*/day/mm
Hydraway 1333 1.486
Akwadrain 528 0.589
Hitek 20 584 0.651
Hitek 40 2030 2.263
Miradrain 6000 250 0.279
Stripdrain 100 1390 1.550
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Table 4-8. Description of geocomposite fin-drain materials tested (Dempsey, 1988).

Core Data Fabric Data
Fin-Drain Thickness
Material Structural | Material mm (in.) Material Fabrication Core Attachment
Hitek 20 Cuspated HDPE 20 (0.78) Polypropylene Nonwoven Loose Wrapped
Hitek 40 Cuspated HDPE 40 (1.57) Polypropylene Nonwoven Lpose Wrapped
Akwadrain | Cuspated HDPE 25 (1.00) Polypropylene Nonwoven Adhesive,.Bond
One Side, Loose
One Side
Miradrain Dimpled HIPS 10 (0.389) | Polypropylene Nonwoven, Adhesive Bond
6000 Sheet Needle Two Sidés
Punched
Hydraway | Columns LLDPE 25 (1.00) Polypropylene Nonwg@ven, Adhesive Bond to
Negdle Columns, Heat
Punched, Bond Backing
Calendered!
J-Drain Net LDPE 6.4 (0.25) | Polypropylene Nonwoven Linear Adhesive
Bond Line Both
Sides

HDPE - High Density Polyethylene; HIPS - High Impdet Rolystyretie;, LBDPE - Linear Low Density
Polyethylene; LDPE - Low Density Polyethylene

Table 4-9. Laboratory flow wolumés as afinction of ehannel slope and entrance head
(Dempsey, 1988).

Entranc@Head Flow Volume, gal’hr
Fin-Drain Material . i for Indicated Channel Slope, %
fnm (in)
0 1 2 3 4
Hitek 20* 157 (6.2) 110 158 189 223 249
Hitek 40* 160 (6.3) 387 550 670 782 892
Akwadrain* 160(6.3) 98 133 154 189 215
Miradrain 6000 160(6:3) 45 67 79 93 108
Hydraway 155 (6.1) 270 357 407 495 564
J-Drain 163 (6.4) 21 30 39 47 55
Hitek 20* 310 (12.2) 305 380 435 495 536
Hitek 40* 312 (12.3) 1065 1281 1444 1601 1787
Akwadrain* 318 (12.5) 273 336 380 423 468
Miradrain®000 310 (12.2) 147 170 191 220 237
Hydraway 315(12.4) 655 794 892 990 1080
J-Drain 318 (12.5) 66 92 106 114 133
Submerged Entrance

Hitek 20% 462 (18.2) 517 598 660 703 753
Hitek 40* 470 (18.5) 1692 1875 2026 2163 2284
Akwadrain* 470 (18.5) 443 490 541 564 584
Miradrain 6000 467 (18.4) 218 252 273 295 318
Hydraway 465 (18.3) 997 1137 1235 1350 1390
J-Drain 470 (18.5) 123 141 153 165 178

* Two-sided flow
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Koerner (1991) determined the flow characteristics of nine different fin-drains using
ASTM Test Method D-4716. Koerner recognized that flow characteristics as determined
by the ASTM test method were an index and did not attempt to compute edgedrain flow
but chose to arbitrarily set performance criteria. The criteria seem to be set to allow use
of most of the existing geocomposites. The performance criteria established for flow
capacity are 15 gal/min at a normal pressure of 1,500 Ibf/ft* and 0.1 gradient. Of the nine
fin-drains evaluated, seven exceeded the flow criteria. Koerner made no attedipt, in the
1991 paper to extend the study to the development of a flow equation (such as wasidone
by Dempsey).

In considering the construction of fin-drains, the flow in fin-drains could be[fépresented
by Manning's equation or by Darcy's equation, but most likely it should be s@mewhere
between the two conditions. It certainly appears that Dempsey had thesbest available data
on flow in fin-drains and that his analysis of the data must be accépted. 1t ishinteresting to
note the difference in the two equations. For the Dempsey equation, thedlow ig related to
the square root of the hydraulic gradient. In Darcy's equation, showndelow, the flow is
related to the hydraulic gradient to the first power:

Q.= kAi Eq. 4-41
where:

Q = Flow in ft’/day
k = Coefficiefit of perincabilityiin ft/day
A = Area of flow iyt

i= Slope or hydraulie gradient 10 fi/ft.

This indicates that Dempéey tfound the 1w in the fin-drain to be less sensitive to changes
in hydraulic gradient than Darcy found for fJow in soils. The data presented by Dempsey
(1988) seems to justify the square root telationship. Consider the Hydraway fin-drain
with a 155-mm entrance fiead in Figure 4-7. At 2 percent slope the flow is approximately
400 gal/hr as éompared to 570 galfhirat 4 percent slope. This would indicate that the
relationship between, the hydraulic gradient would be less than the first power
relationship used in'Darcy’s equation.

Computation of Field Fiow Capacity

A methiod of computing flow capacity of fin-drains is presented in appendix A of the
"DAMP" documentation (FHWA, 1990). The method uses the equation developed by
Dempsey(1988). This procedure uses the hydraulic gradient as the trench slope plus the
ratio of the fin-drain width to the distance between outlets. The procedure also requires
the depth of flow. The problem is that both hydraulic gradient and the depth of flow vary
along the length of fin-drain. Moulton obtained a solution for the governing differential
equation for the flow in the base material that could be applied if Darcy's equation were
used for flow. However, based on the available data, it seems best to use Dempsey's
equation.
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Figure 4-7. Relationships between core flow capd€ifipand channel slope at 6.3-in average
entrance head (Démpsey, 1988),

The problem in using Dempsey's equati@iifis,how to define the hydraulic gradient and the
depth of flow. Typically, a fin-drain‘is installéd with a flew zone and freeboard (see
Figure 4-8). It should be assumed that flow would occur within the flow zone. Also, it
should be assumed there will be anioutlet pipe that will flow at some depth. Ifitis
assumed that the hydraulic gradient 1s.€onstant between the upper end and the outlet, as
shown in Figure 4-9, thefi the hydraulic gradient (G) is:

S (D1 - Dz)

Eq. 4-42
L q

where:

S = Slope of trench, m/m (ft/ft)

D; = Depth of flow zone, mm (in)
1D, =, Depth at the outlet or the diameter of the outlet pipe, mm (in)
L ="Distance between outlet, m (ft)

For most cases the slope of the trench (S) may be large compared to H/L; thus, the main
unknown would be the depth of flow. The depth of flow varies along the flow path and is
very difficult to define.

Since the inflow into fin-drains is computed with a high degree of uncertainty, accepting

the gross assumptions in Figure 4-9, the depth of flow can be assumed to be the average
depth of flow. In this case the capacity (Q) would be computed by:
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Eq. 4-43

B (Dl_DZ) 1/2
Q=CD {S + — 1 }

where:

C = Fin-drain flow constant, m*/day/mm (ft*/day/in)
Average depth of flow, i.e., (D; + D3)/2, mm (in)
D; = Depth of flow zone, m (ft)
Ddepth at outlet, m (ft)
Distance between outlet, m (ft)
S = Slope of trench, m/m (ft/ft)

)
|

s
I

This approach is likely to lead to very conservative estimates of the flow caf
conservative estimate would be to use D, as the depth of flow. The estimated
capacity using this method is probably sufficiently accurate for

‘N
\
™
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CHAPTER 5 - EXAMPLE PROBLEMS
This chapter contains sample exercises that acquaint the user with the operation of DRIP.
EXAMPLE PROBLEM NUMBER 1
Given

A pavement section consists of two 12-ft (3.66-m) lanes of 9-in- (225-mm-) thick POCE
pavement with 10-ft (3.05-m) AC shoulders on each side with a uniform crog§ slope (ot
crowned), and the width of the permeable base is the same as the PCC paveimeént. The
transverse joint spacing is 20 ft (6.1 m). The slope in both the longitudinal (§)and
transverse (Sx) directions is 2 percent. The permeable base is made upgef AASHTO #57
material and has a unit weight of 100 pcf (1600 kg/m®), specific gfavity of 265, and @
minimum permeability of 3000 ft/day (914 m/day). The thicknéss of thefpermeable base
is 4 in (100 mm), based on construction considerations. Assumg a unit weight of 162 pcf
(2595 kg/m’®) for the PCC material. The subgrade is Geofgia Red €y, which is actually
a well-graded clayey-silt. Laboratory tests indicate the particle gradatiomsshown in Table
5-1 for the subgrade material and a permeability of 0.0033 ft/day (0.001 m/day).
Corrugated pipe edgedrains having 4-in (100-mni)diameter ate used on the project.

Table 5-1. Sieve analysis of Georgia Red Clay subgrade.

Sieve No, Percent Passing
#4 92
#10 67
#20 55
#50 42
#200 31

Determine

Use the crack infilfration method to determine inflow. Check the adequacy of the
permeable base using the depth-of-flow approach to determine flow conditions.
Determing the,need foramaggregate separator layer and the adequacy of the 4-in (100-
mm) pipe.

Solution

Prior ta Starting the analysis, the user needs to select the type of units in which to perform
the analysts. This problem will be solved using English units. This system of units is the
default option in DRIP and can be selected by checking English under the Options | Units
menu command. Once selected, this system of units will be retained throughout the
analysis unless the user makes a change. Similarly, the mode of program execution
(Expert or Normal) can also be selected from the Options menu. The default is the
Normal mode, and that will be used in this example.
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The problem solution is presented under several different sections. The arrangement of
these sections follows the logical left-to-right approach emphasized in Chapter 3. An
experienced user may, however, solve the problem using a different sequence of steps.

Pavement Geometry

Step 1: Select the Roadway Geometry tab (this is the default program tab) to @€eess the
corresponding property page. Select a uniformly cross-sloped pavement §eeti
by clicking on the Geometry B radio button.

Step 2: Enter the value of b as 24 ft (2 lanes of 12 ft each). Since the problen
assumes that the width of the permeable base is same as that of the
enter the value of ¢ as 0. Clicking the calculator icon for width of th
base W results in a computed value of 24 ft.

Step 3: Enter the longitudinal and transverse slopes in the S and §

following values: Sg = 0.0283 ft/ft and Lr = 33.94

The completed screen is shown in Figure 5-1. Th
property page will be saved and carried ard . Note that as soon as the

computations are completed on this page, the displayed on the left
side of the main DRIP client window. This scre y clicking on another
tabbed property page.
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Figure 5-1. Computation of roadway geometry.
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Inflow Computation (Crack Infiltration Method)

Stepl: Select the Inflow tab to access the corresponding property page. Click on the
Crack Infiltration Method radio button (since this method was required to be
chosen to estimate inflow).

Step 2: Retain the default values of 2.4 ft*/day/feet for I, and 0 for pavement p
kp. Also retain the values for W and W that have been automatically €
forward from the calculations performed on the Roadway Geometry page

Step 3: Enter the number of longitudinal cracks, N, as 3 (N, = the number of cg
lanes + 1 =2+ 1 =3). Enter the given transverse spacing of contrib
transverse joints C; = 20 ft.

Step 4: Click the calculator icon to compute inflow gi. This should yield a ve
ft’/day/ft*.

rmeability
ed

The values entered and computed in this screen will be stored
other screens where they are needed. The completed Inflo,

File DOptions  Help

— Foad Geometry - -
Roadway Geametry | Sieve Analpsiz  Inflow | Pey
w f
SR 00283 it i s
=R " Infiltration Fiatio Methad flow calculations:
L—R [ & Crack Infiltration Method
— M aterials l— indday
Base - Undefined
3
Subgrade - Undefined fr#it/d I ft/d
Separator - Mone -}g I— |bm3
~Inflow T bt
i o4z e H. l— "
q it
- H | f
— Pemmeable Base
‘ =% Hs+l}}be
G | b2
Uy | it

Figure 5-2. Crack infiltration computation.

Meltwater Computation

Step 1: Activate the Meltwater sub-screen in the Inflow property page by clicking on the
“Include Meltwater in the inflow calculations” checkbox.
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Step 2:

Step 3:

Step 4:

Step 5:

The heave rate (Heave) for the clayey-silt subgrade soil can be determined by
clicking on the calculator button located to the left of the variable. This action
calls up the heave rate table. The heave rate table shows that the value for clayey-
silt soil is 0.51 in/day. This value can either be entered manually in the edit box
on the Meltwater sub-screen or entered automatically by selecting the row

corresponding to clayey-silt soil type.
Note : For materials with large heave rates, the mid-point values may be entered.

Enter the given values for the subgrade permeability (kb = 1 ft/day), unit weight
of the pavement surface (j, = 162 Ib/ft), the unit weight of the base material
above the subgrade (%, = 100 1b/ft3), the thickness of pavement surfagé (1, =9
in.), and the thickness of the base material (H = 4 in.) in the appropriate boxes.
Click on the calculator icon next to the variable ¢ to compute the stréssi\imposed
by the pavement on the subgrade. This will yield a value of 1548 1b/ft".

Click the calculator icon for determining the quantity of ndeltwater (g,).
Moulton's meltwater chart appears on the screen. On this screend forizontal red
line appears marking the heave rate of the subgrade (0.5} in/ddy). Use¢ the mouse
to slide the vertical tick line along the horizontal r&d line (0.51 in/day/isie) to an
approximate location for a stress of 154.8 psf. The Value for qiida)” will
appear in the appropriate box. When satisfied that the mouse is positioned at the
proper stress value, click the left mouse buttonite, produce a computed value of
qm. For this example, the mouse is poditioned to indieate a value of qn/(kewp)" of
0.91 ft*/day/ft*. A click of the left mouse Button produces a value for g, of 0.05
ft’/day/ft>. Press OK to return tegthe.Inflow property page.

The values entered and computedin this screen will be r¢tained and carried forward. The
Moulton’s meltwater chart is showa i Figure 5-3; and the completed meltwater screen is
shown in Figure 5-4. The computed meéltwater quantity (g,,) is updated in the summary

page.

Permeable Base Design (Depth-of-Flow)

Step 1:

Step. 2:
Step 3:

Step 4:

Selectthe Permeable Baseé 126 to access the corresponding property page. Click
on the Depthyof Flow Method radio button. Most of the variables such as ¢;+¢g,

Sr, Lz, and H alteady have values carried forward from pervious screens.
NotémThe term g;#¢pis a summation of the inflow from rainfall and meltwater.

Entcr the eecfficicnt of permeability of the base (k= 3000 ft/day).
Cainpute the #7,,;, by clicking on the calculator icon. A H,;, value of 0.1437 ft is
teported, which is lower than the selected permeable base thickness (H) of 0.3333

ft. Therefore, the design is satisfied.

Note: If Hmin were much greater than H, the designer would make adjustments to the design by
¢changing design variables such as base thickness or permeability. If the base thickness H can be
revised, this parameter must be changed to be at least equal to the Hmin.

Compute flow capacity of the permeable base (¢,) by clicking on the appropriate
calculator button. This yields a value of 44.811 ft*/day/ft. The flow capacity is
estimated from Moulton’s chart.
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Figure 5-4. Meltwater computation.
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A completed design screen for the depth-of-flow design is shown in Figure 5-5. The
values computed here are carried forward to other screens. The summary box on the
DRIP client window is also updated accordingly.

=1l

.;E‘ Drainage Requirements in Pavements - exampled.drp
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analysis to see the influence of different
e graph icon to the right of Hyi, variable in figure

quired Base Thickness (H,,) vs. Pavement Inflow (g; or ¢; + gm).
equired Base Thickness (H,,) vs. Base Course Permeability (k).
quired Base Thickness (H,;) vs. Resultant Slope (Sk).

quired Base Thickness (H,,) vs. Resultant Length (Lg).

The user can control the type of plots to be displayed in the DripPlot window using the

Options | Sensitivity menu command prior to clicking the graph icon. An example
sensitivity plot of required base thickness versus permeability is shown in Figure 5-6.
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The generated plots can be directly save@ias,imagcfiles (jpeg or dib formats) using the
appropriate options under of theyFilg'enu.“ Hard copy outputs can also be generated
using the File | Print command @t using the printer icon on DripPlot.

Separator Layer Design

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Select the Separator Layer talh), Select the No Separator radio button to evaluate
the need foma separator layer.

Click on the calculator icon néxt to the Base Course variable. This shifts the user
to the Sieve Analysisproperty page. The permeable base is made up of the
AASHTO#57 material. The gradation for this material is already in the sieve
analysis libragys To initialize this gradation to the program, click on the drop-
dowimaterial library list box and select AASHTO #57. Click on the calculator
icondto detetmine the particle sizes for D;s and D).

Sélect the Separator Layer tab again. The values of D;5=0.2529 in. and
Ds5,=0.5484 in. appear for the Base Course.

Click on the calculator icon next the Subgrade variable to compute the subgrade
particle sizes. The user is returned to the Sieve Analysis property page again and
the Subgrade radio button is automatically activated. Select the Value radio
button and enter the subgrade gradation in the grid on the left-hand side of the
property page. Compute the D5y and Dgs by clicking on the particle size
calculator icon.

Return to the separator layer property page by selecting the Separator tab. The
values of Ds5;=0.0253 in. and Dgs=0.1498 in. are returned for the subgrade.
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Step 6: On the Sieve Analysis property page, check the filtration and uniformity criteria at
the subgrade/base interface by clicking on the balance icon on the right-hand side.
Both the criteria generate a Pass rating, which implies that no separator layer is
required.

The completed separator layer screen is shown in Figure 5-7. Note that the summary
page on the right side of the DRIP screen shown in the figure now states that€he base and
subgrade materials have been defined.

Drainage Requirements in Pavements - Unszaved File

0.2523 { | A
05454

el 4

. Checking separation criteria.

t the Edgedrain tab.

select the Pipe Edgedrain radio button. Click the “Corrugated” checkbox and a

alue of 7aming = 0.024 is displayed. Type in a value of D =4 in.

e calculator icon is enabled for calculating the pipe capacity (Q). The

ymputed pipe capacity should read 12,594 ft*/day.

Step 4: Click on the L, button to compute the outlet spacing. This gives an L, value of
391.6 ft. However, this value is based on the default selection of the Pavement
Infiltration method for the pavement discharge rate (see under “Discharge Rate
Approach” option list). Two other methods are given to compute the maximum
outlet spacing: Permeable Base and Time-to-Drain. Since the time-to-drain
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method was not used for designing the permeable base we will not examine this
approach. For computing the outlet spacing L, based on the Permeable Base
approach, select the appropriate radio button from the “Discharge Rate Approach”
options. Our previously computed base discharge g4 of 44.81 ft’/day/ft appears
automatically. This results in a maximum outlet spacing of 281 ft. Thus, the
permeable base discharge result is the critical value, so the user should specify an
outlet spacing of 281 ft.

The final edgedrain design screen is shown in Figure 5-8. Note the updated summi
the left side of the screen shown in the figure. A printed output summary cay
by clicking on File | Print Summary menu option.

.rﬁ‘ Drainage Requirements in Pavements - Unsaved File
File QOptiohs  Help

— Road Geometry - -
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=1 & Pipe

~Materials ——————— g [ooz00 . qﬂm 0024
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Id.
Subgrade - Defined D "

Separator - Mone

= Inflow
qi 0.42 fta.-"d.f’ftz Discharge Rate &pproach

o ase
" Pavement n Pe[meab"e b P
Qy 092

%" Permeable Ba . Sepat -{ur \ayef
¢ Time To Drain Geotextile i

 Permeable Baze

H omm: () Edgedrain pipe
; .

t hir

Qg #4811 i

=

— Edge Drain - Pipe

pe edgedrain design and outlet spacing computation

E PROBLEM NUMBER 2
Given
The input data are the same as Example Problem No. 1, except that a woven geotextile is

used for the separator layer and a Hydraway geocomposite edgedrain is present.
Permeability conditions are critical.
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Determine

Calculate the time to drain of the permeable base. Design the geotextile separator layer.
Calculate the outlet spacing for the geocomposite edgedrain.

Note: The roadway geometry and inflow calculations do not have to be performed again.
Solution
Sieve Analysis

Step 1: Click on the Sieve Analysis tab in the DRIP client window. Select theé Base radio
button. The AASHTO #57 gradation configured in the previemssexampléshould
appear automatically in the grid on the left side of the scrgen.

Step 2: Enter the given values for the Unit Weight (130 pcf) and SpecifiedGravity (2.65)
of the base.

Step 3: Compute the porosity n = 0.214 by clicking on thé galculator icon.

Step 4: Select the Water Loss Method radio button to compute the ctfeétive porosity.
This selection is justified since AASHTO #57 is a coarse gradation. Immediately,
the “Water Loss” table pops up. Ou this scréenpan extrapolated passing # 200
value of 0.5% is displayed. Select the(Silt radio buttom, or the type of fines. This
produces a Water Loss value of 76% for'gravel. Select this value with a cursor
and click OK to transport this valesto the Siewe Analysis screen.

Step 5: Click on the calculatér leon aljacent tothe etfeéctive porosity 7, on the Sieve
Analysis screen to compute, this value.“The program computes n, = 0.163.

The final screen for computatien,of the permeable base material properties is shown in
Figure 5-9.

Permeable Base Design ( Fime-to-Drain)

Step 1: Click 6ua the Permeable Base tab to access the corresponding property page.
Select thetime-to-Drain radio button. The values for the design inputs, n,, k, Sk,
Lz, and H should already be present from the analyses done as part of the previous
example and thi§ Session so far.

Step.2: Thedime-tosdrain factor ¢ can be determined based on 50-percent drained or the
8§-percent saturation criteria. The former is the more conservative for permeable
bases, so it will be used. Enter U = 50%.

Step 5: €lick on the calculator icon adjacent to the variable ¢ to compute it. A value of
0.55 hr is returned if the Barber/Sawyer equation is used (default). The
Casagrande/Shannon equation yields a value of 0.52 hr. Both these results fit the
“Excellent” drainage category.

The final Permeable Base design screen in shown in Figure 5-10.
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Additional Discussion

Clicking on the graph icon to the right of the time to drain variable 7 generates the
following sensitivity plots:

Time to drain (¢) versus Degree of drainage (U).

Time to drain (¢) versus Resultant length (Lg).

Time to drain (¢) versus Resultant slope (Sz).

Time to drain (7) versus Coefficient of permeability of base (k).
Time to drain (¢) versus Base thickness (H).

Time to drain (t) versus Effective porosity (ne).

Separator Layer Design

Step 1:
Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Click on Separator tab to access the property page. Click on the Geotgxtile
Separator radio button.

For conservatism, click the Dynamic Flow radio butten for “Seil Reténtion
Criteria.” Also, click the Critical radio button for p&rimeability eriteria.

The P2y, ksup, Cu, Dys, and Dgs shénld be g8tained from the previous screen. If
these values are not present, click on the calculatonicon in the “Subgrade”
category box, enter the Georgia Red Claygradation, ¢ompute the particle sizes,
Dy, and Cy, and enter the given ky,;, value, Then click on the Separator Layer tab
to return to the separator layerropeity page.

Once all the necessary omplitations aréymade, the separator property page should
have the following values for the variablesh, P2oo = 31%, kg = 1 ft/day, Cy =
211.73, and D;s5 = 5.88e-04"1n,'Dss = 0.1498 1h. Click on the Woven Geotextile
radio button in theAGeotextile Separator” category box. Click on the calculator
icon to compute A0S = 0.0785 inand £ = 10 ft/day.

Suppose a woven geotextile With A0S of 1/6 in. and a permeability of 100 ft/day
can be foudd) type in £y, = 100 ft/day. Click on the calculator icon to compute
tmax = 04069 1n. forthegeotextile. This is the maximum thickness of the
geotextile. The percentiopen area should be equal or greater than 4 percent, as
noted close toythe bottom right of the screen.

Einally, click'@mthe balance icon on the right hand side of the screen to see if the
chosemeeotextile passes all the necessary criteria. All the criteria checks generate
a Pdss rating for the selected geotextile.

The final screen for the geotextile separator layer design is shown in Figure 5-11.

Edgedrain Design

Step 1:

Step 2:

Click on Edgedrain tab to access the property page. Click on the Geocomposite
radio button.

Select the row for the Hydraway edgedrain from the table on the right side. The
value of Cy = 1333 ft’/day is automatically returned to the appropriate edit box.
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Step 3: Type in a value of 12 1
of the pipe D..

Step 4: Use the time-to-drai
Drain radio butto
necessary time
boxes from the

spacing by clicking on the Time-to-
Rate Approach” category box. All the
Iready appear in the respective variable edit
on on the Permeable Base screen.

ute O and L,. The program returns Q = 1691.1

in a project are given in Table 5-2. Also given is the gradation of the subgrade soil at the
project location.
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Table

Sieve Sizes Proposed
Separator
Layer
100
85
65
40
No 40
No. 50 2.5 68
No. 100
No. 200 45 11
0.001 mm 4
(hydrometer)
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Determine

Determine the need to place a separator layer between the permeable base and native
subgrade. If there is a need, determine whether the proposed separator layer is adequate.

Solution

Step 1:

Step 2:
Step 3:

Step 4:

Step 5:

Step 6:

Stép 7:

Click on the Sieve Analysis tab to enter and store the given base, subgradénand
separator layer gradations.

Note: Step-by-step instructions on saving custom gradations are on page 3-19.

Click the “Include aggregate separator” check box.

To enter and save the gradation of the given permeable base, click on the Base
radio button on the Sieve Analysis page. Enter the percent passing inforiation
for the permeable base given in table 5-2 in the grid providéd onthéleft sidéof
the screen after selecting the Value radio button. After all the inférmation is filled
in, click on the “Add” button under the Material Library, €ategdry box'and save
the entered gradation. Now, by clicking on the cal€ulator 160 under the
Gradation Analysis category box, the user can compute the'peteentpassing the
No. 200 sieve, Py, the particle sizes, Dy, (€.g., Dio, D1, Dis), anid the Cy and Ce
values for the permeable base.

Repeat the data entry and analysis performed 1n-Steépp3, 10r the separator and
subgrade layers.

Once all the gradations are entered,and the€dsresponding properties computed,
click on the Separataf tab to deccssthis propertypage. All the relevant Dy,
values for each of the [ayessShould alreéady appear here. Under the separator
layer property page selectthe No Separator eption by clicking on the radio button.
Then check the permeable basé/subgrade interface by clicking on the balance
symbol under theritcria categaryhbox. The program indicates that the
uniformity criterion has not been satisfied. This implies that a separator layer is
required. Figur€ 5-13 displays the program screen generated from this
calculatiofi.

Now clibose the AggrégatesSeparator radio button. Check the criteria again by
clicking on the balance icon. This results in the program generating a Pass rating
for all the critéria. Therefore, the chosen separator layer is adequate. The final
program screen for this computation is shown in Figure 5-14.

A plot shewving the gradations of the subgrade, permeable base, and the separator
lay€r can be obtained by clicking on the graph icon next to the balance icon. On
this plot, the upper and lower bounds of the gradation band within which the
proposed separator layer has to fit to be considered acceptable also appear. These
bounds are basically a graphical representation of the design criteria. The plot can
e generated on a FHWA power 45 chart by selecting Options | Plot Scale |
FPower 45 command from the Options menu. Alternately, selecting Options | Plot
Scale | Semi-log command from the Options menu will result in a semi-log plot.
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CHAPTER 6 - SENSITIVITY ANALYSIS
Time-to-Drain

The following plots were developed using the sensitivity plotting functionality of the
Permeable Base property page for the Time-to-drain method. The sensitivity plots
presented here can be generated by the clicking the graph icon after the time-€0=drain
parameter ¢ has been computed.

Porosity
In Figure 6-1 it can be seen that the effect of effective porosity is linear. Thi§ means that
if the effective porosity is doubled, the time to drain is doubled. Thisdsslogica

twice the amount of water will be released from the base course,
should not yield to the temptation of reducing the effective porg
drain. It must be remembered that the goal of drainage is to ren : ter as
possible from the base course.

e S

Time to Drain {hrs)

Effective Porosity

,SR=0.02, H=02 m, LR=10 m, k=300 rmfd)

Figure 6-1. Time to drain versus effective porosity.

In Figure 6-2, it can be seen that the effect of the coefficient of permeability is inversely
proportional to the time to drain. The more permeable the material, the faster the base
material will drain. Also, the effect of permeability on the time-to-drain parameter
decreases with increasing permeability.
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Figure 6-2. Time to drain vers fficient

Resultant Slope

As shown in Figure 6-3, the desig i itive to the resultant slope, with the
time to drain decreasing a ases. This is logical; the steeper the slope, the
faster water will drain.
slopes presented. The
questionable practi

drain even if the slope is flat; however, it is
procedure to flat slopes.

the layer thickness. While there is large sensitivity to changes in H when the
value is very small, the curve tends to reach a point where subsequent increases in H no
longer have much effect on the time to drain.
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Methodology

Figure 6-6 shows the recogniz ain versus percent drainage for both
the Casagrande/Shannon and Bar . Note that they are very similar,
actually crossing each oth %. This is true in most cases.
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Figure 6-6. Time to drain versus degree of drainage for Barber/Sawyer and
Casagrande/Shannon methods.
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The major difference in the two methods is shown in Figure 6-7, which plots time to
drain versus base thickness for the same data set using each method. Note the wider
variation at smaller values of H. For most reasonable values for base thickness, however,
the two methods will yield similar results.
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fu]
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0.4
0.2
0
0 0.1 0.2 03
- - — Barber/Sawyer rande/Shannan
Figure 6- 7. Time to dra Casagrande/Shannon and

Base Thickness

The following plo g the sensitivity plotting functionality of the
Permeable Base )f-Flow method. The sensitivity plots presented
here can be g

thickness, H,in,

al to the required minimum base thickness. As the permeability of the material
, the base will drain faster and thus a thinner permeable base can be used. As

Resultant Slope

As shown in Figure 6-9, the design procedure is sensitive to slope with the required base
thickness decreasing as the slope increases. As is the case for the time to drain, the flatter
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Figure 6- 9. Minimum base thickness versus resultant slope.
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the slope, the slower the water will drain, and thus a thicker base is required to contain all
the water. The depth required continues to drop over the entire range of slopes presented.

As was stated previously, the base will drain even if the slope is flat; however, it is
questionable practice to apply the design procedure to flat slopes.

Resultant Length

Figure 6-10 shows the effect of resultant length of drainage path. The relationgh
linear, meaning that if the resultant length is doubled, the required base thick
doubled. This is logical, since twice the amount of water will need to be co
base course.

ns
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0.4
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0.z /
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uUlta

m*3isim®2, k=800 mrday

Figure 6- inimum ickness versus resultant length of drainage path.

t the required base thickness is sensitive to the rate of infiltration,

equired thickness increasing as ¢g; increases, as would be expected. While there
nsitivity to changes in ¢i when the value is very small, the sensitivity becomes
r after H reaches a more reasonable value (greater than 0.15 m).
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APPENDIX A - STANDARDIZED NOMENCLATURE

ROADWAY GEOMETRY
Item English SI
Longitudinal slope ft/ft
Cross slope ft/ft
Resultant slope ft/ft
Resultant length of flow through base ft
Width of permeable base ft

Angle between roadway cross slope and resultant slope

PAVEMENT INFILTRATION

Rate of pavement infiltration /d/ft? m’/s/m’
Infiltration ratio
Rainfall rate

Crack infiltration rate ‘

Number of longitudinal joints

m/hr mm/hr
ft°/d/ft m>/s/m

ft m
ft m
ft m

ft/day m/sec

e disc e rate ft°/d/ft m’/s/m

OUTLET SPACING

oW ft'/day m’/s
Lo inal length of contributing roadway ft
Width of contributing roadway ft

3 B
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Dxx

Norn
N, or ne
Vy

Vw

mcj§§

<<EZEPTAEO

OXX

SOILS
Item English SI

Coefficient of Uniformity
Effective size mm
Soil particle size

Dry unit weight of material Ibs/ft’
Unit weight of water 62.4 lbs/ft’
Bulk specific gravity
Porosity

Effective porosity
Volume of voids
Volume of water
Total volume

Water loss

Percent drained
Percent saturation

DAR

Flow capacity of base cu ft/day m’/s
Coefficient o ft/day m/d
Hydraulic gradi ft/ft m/m
Cross sectional are sq ft m’
Thickness o ft mm
Seepage ft/day m/s
Dischar ft/day m/s
IME TO DRAIN
hrs hrs
GEOTEXTILE
Opening size of geotextile in which 95% of the mm
the openings are smaller
Opening size of geotextile mm
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PIPE FLOW

Symbol Item English SI
Q Pipe capacity cu ft/day m’/s or I/s
D Pipe diameter in mm
S Slope ft/ft
n Manning's coefficient
A Flow area sq ft
P Wetted perimeter ft
R Hydraulic radius ft
K Conveyance
\Y Velocity ft/sec

N
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