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c PipePac Help Contents

To learn more about PipePac select one of the topics below:

System Requirements
Using PipePac Help
Using Form Controls
Getting Started
Troubleshooting



c System Requirements

System requirements for PipePac version 4.0 Web
access

To use PipePac version 4.0 you need one of the following browsers:

e Microsoft Internet Explorer 8 or later
e Apple Safari 5 or later
e Google Chrome

Other Instructions

Please note that PipePac website only store your input data for the duration of the
connection (active session). All your data will be discarded once the browser is closed or
after the session time-out. Remember to save your data to the local storage often. To
save, click on the SAVE PROJECT button and click the Save button when prompted.

Project Title: Project Location: ‘
Contract No. Country:
Consultant: Contractor:
Last Modified: Analyzed by: '::*' SAVE PROJECT :‘

Do you want to open or save Project_Projectl.pipepac (583 bytes) from demo.tims3.com? Open Cancel ‘



o PipePac - Using PipePac Help

How to use PipePac Help

The PipePac Manual is in PDF format and requires a PDF viewer such as Adobe Acrobat
Reader. To view, click on the HELP link.

/
(here)

Velcome to PipePac

PipePac helps you select the right material for pipelines and culverts and determine the cost of
materials over the design life of a project.

Benefits are reliable design information and ease of use based on 20 years of service to designers,
specifiers, contractors, purchasers and planners throughout North America and abroad.

The optimal times to apply PipePac are at the planning stage, or when specifications are being drafted
to confirm long-term costs of recommended pipe materials, and durability.

(® eroceeo To PiPEPAC APPLICATION

OCPA Home | ACPA Home | CCPA Home | Tubécon Home | Liability Agreement
PipePac v4.0.0 Copyright © 2012 OCPA, CCPA, ACPA, Gion Corp.



c PipePac - Using Form Controls

Form Controls used in PipePac

C PipePac

Create a Néw Alternalive

Alternative Name/Description

Select Units

| Standard

-

i A.I;e.rnative-
G

Control Name

& Metric (0 US Customary

@ CSA (OPS) © ASTM (AASHTO)

_MHOME | HELP
z
Links

Project Title: |Project 1 Project Location: |Teronto
contractNo.| Country: [canaga
consultant:| contractor:[
Last Modified: |11/282012 Analyzed by: l—

Right Click here and click Save As to save project to local XML file
Three Edge Bearing

Iternative Ref.: [ar1 Standard: [C5A [OPS) Units: [t Units

TS
Pipe Information Load / Installation Factor of Safety

Check Boxes

Drop Down List Height of Fill (m) Bedding Type
-~ Soil Type Silty Sand \ | Minimum Fill 0.3 | l/ |
,‘ Soil Density (kg/m?) ez | Maximum Al & | 2 B (Var) |
; Vertical Surcharge (kPa) 0 | Incremental Fill 3 | [v]3 Y| van) |
| |

 Fluid Load ) Yes @ No | Selected Depth

) CHEDC-ONT
) Other

! O Aircraft Noni
® EIEET KOptuon Butto

Other - VAF (Vertical Arching Factor)

@ TrenN "

(U Positive Prajection B ttons
(") Negative Projection
(") Jacked or Tunneled

Constant  Variable

Fixed Bedding Factor l:l

‘OCPA Home | ACPA Home | CCPA Home | Tubécon Home | Liability Agreement
PipePac v4.0.0 Copyright © 2012 OCPA, CCPA, ACPA, Cion Corp.

Description of Usage

Buttons
Tabs

Scroll Bars

Option Buttons
Check Boxes

Drop Down Lists

Actions associated with command buttons are executed by clicking
the button with the mouse cursor.

Similar to buttons. The tabs are used to guide the designer step by
step during each analysis.

Allow you to scroll vertically or horizontally within the current form.
The scroll bars are used when viewing area is smaller than the size of
the contents

Usually a list of selections that only allow one selection from the list.
Usually a list of selections that allow one or more selections from the
list.

Displays a list of items and allows you to select one item from the list.



c PipePac - Getting Started

Select Project

PipePac is designed to organize your analysis data and results into a simple hierarchy of
Project and its alternatives. To start using PipePac you must first create or load and
existing project file. The Select Project form allows the designer to select one of the

following options:

Create a project: Select this option to create a new project.
Load an existing project Load a previously saved project file from your local hard-drive

file: or storage.

> Create a project

A
< PipePac HOME | HELP i
AL .

> Load an existing project file [Browse.. | (&) Loao ProsecT )

Project Details

The following project details can be specified in here: Project Title, Project Location,
Contract#, Country, Consultant, Contractor and Analyzed By. The Project Title must be

specified before selecting any of the design modules.



> Create a project

> Load an existing project file Erowse... E}T LOAD PROJECT 3
Project Title: Projecti Project Location:
Contract Mo. Country: Canada | |
Consultant: Contractor:
Last Modified: 327/2013 Analyzed by: (}I SAVE PROJECT 3

R
((3) CREATE PROJECT )

Select Design Tool

@ Three Edge Bearing Analysis

An indirect method for the determination of earth, live and surcharge koadings
on buried concrete pipe.

Cost Analvysis of Pipe Envelope
Estimates the cost of pipe installation on a per unit length basis.

Life Cycle Analysis
Performs a life cycle cost analysis and comparison of total project
costs refated to the performance and selection of a specific type of pipe material

After selecting a project you must then select a specific design tool. Click on the tool icon
in the text below to jump to help text specific to the tool icon selected.

3€
Q 3EB, an acronym for Three Edge Bearing analysis, is an indirect design method
for the determination of earth, live and surcharge loadings on buried concrete pipe.

3EB is versatile because it allows the user to “customize” site conditions in which
concrete pipe is to be placed. Input parameters, including pipe shape, can be easily
modified in order that numerous loading and installation scenarios (trench, embankment
and jacked) be modeled in a matter of seconds.

Another useful feature of 3EB analysis is that a variable bedding factor and variable

arching factor may be specified by the designer for special installations. The bedding
factor takes into account that the moment induced in a section of pipe after placement and
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backfilling, is less severe than the moment induced in a pipe section by the standard
Three Edge Bearing test. In considering this information a pipe of lesser strength class
may be employed in a project resulting in a cost saving to the owner.

Another time saving feature of 3EB analysis is allowing the designer to select more than
one bedding type in a single analysis run.

Finally, 3EB analysis provides the designer with a clear and concise tabular output where
D-Load values to produce a .3mm(.01in.) crack are listed. In the case of multiple bedding
type selection, the designer can view the summary table, which compares the D-Loads at
each incremental pipe depth.

Now that 3EB provides a way to calculate all bedding types and compare results, the
designer has the means to safely and economically specify an appropriate strength of pipe
for conditions unique to the site under investigation.

Q CAPE, an acronym for Cost Analysis of Pipe Envelope, is used to estimate the
cost of pipe installation on a per unit length basis. As designers and project estimators are
aware, pipe cost is only one portion of a project. Embedment costs can be a significant
portion of project cost, which should also take into consideration handling, and disposal
of excess native materials. Furthermore, additional costs can also result from
environmental concerns.

An important feature of CAPE is that it performs cost analysis for six rigid pipe
installations and a flexible pipe installation. If the 3EB analysis is performed prior to the
CAPE analysis then the pipe classes determined in 3EB will be carried into CAPE and
used to determine pipe costs for the various bedding conditions.

CAPE is fully compliant with the OPSD for both rigid and flexible pipe. Default values
for the trench dimensions and cover are OPSD values. Designers have the option to
override default values and enter their own requirements for trench geometry.

CAPE analysis provides the designer with a graphical and summarized comparison
between rigid and flexible pipe installation alternatives.

@ LCA, an acronym for Life Cycle Analysis, is used to perform a life cycle cost
analysis and comparison of total project costs related to the performance and selection of
a specific type of pipe material.

LCA provides the ability to define initial installation and future replacement costs, as
well as, expected maintenance costs for the duration of the selected design life. LCA can
provide an estimate of the total cost represented in Present Value, Annualized Value or
Future Value for each pipe material alternative selected.

11



Select Design Alternative

After selecting either of the 3EB, CAPE or LCA tools you will have to create a new
design alternative or select an existing alternative. The Select Design Alternative form

allows the designer to select one of the following options:

Create a New Select this option to continue with the last design alternative.

Alternative
Select a Design Select this option to point to a specific design alternative within
Alternative the current project. The designer is provided with a list of

existing alternatives for the current project in the pull down list.

Create a New Alternative [ -]

Alternative Mame/Description

Select Units
© Metric ©) US Customary

Standard
) CSA (OPS) ) ASTM (AASHTO)

@ CONTINUE __)

Select a Design Alternative @

12



c Troubleshooting

Problem: How to save a report in PDF format?

To do this, a PDF printer driver must be installed on your system. First preview the report
in the web browser. Then use the print option available in the browser. Select your PDF
printer driver in the print options and click ok to save the report in PDF format.

= = —-_— W
p== Print

S

General | Options

Select Printer

T Add Printer
e CuteP DF Witer

= Fax

I 1| 1] [
Status: Ready

= FLZ_B_PCL on rexprint
i Microsoft XPS Docurr
FF¥ REX_FL1_B on REXPRI I

[ Prirt ta file

3

l Print

Location:
I Comment:
Fage Range
@ Al MWumber of copies: 1 =
I Selection Cumert Page
(") Pages: 1 Collate
) ) ) [213 [213
Enter either a single page number or a single 1 1
page range. For example, 5-12
] [ Cancel ] Apphy

13



@ 3EB Help Contents

General
Load/Installation
Safety

Results

14



@ 3EB — Pipe Information

The Pipe Information form allows the designer to set Pipe Shape, Pipe Type, Wall
Thickness, Inner Diameter, Span and Rise.

Pipe Shape: Once the designer has determined the flow requirements for a particular
application, a pipe shape must be selected: Circular, Vertical Elliptical, Horizontal
Elliptical or Arch. Circular pipe is used for most applications. Vertical Elliptical pipe is
generally used in applications where there are trench width limitations (i.e. pipe passing
between foundations) but no vertical restrictions. Horizontal elliptical pipe is generally
used when there are height restrictions placed on pipe (i.e. under railways, roadways,
etc.) but no width restrictions. Arch pipe is similar to horizontal elliptical pipe in that it
can be placed in areas having height restrictions; however, it is easier to place than
horizontal elliptical pipe owing to its flatter bottom.

Pipe Type: The designer can select pipe type according to the following table:

Lmm)

Diameter

fin.)

ASTM C14M1-94
MOM-FEINFORCED

CSa-8267 . 1-M32
MOM-FEIRNFORCED

ASTM C TEM-94
FEINFORCED

CSa-A257 2-M32
FEINFORCED

SUGGESTED
DEFALLTS

100

4

R

)

MR

130

]

R

)

MR

200

]

®

o

MR

225

9

P S,

=
=

MR

230
300
375
430
223
GO0
G673
7ol
25
300
1050
1200
1330
1300
1630
1800
1950
2100
2250
2400
23350
2700
3000

10
12
15
13
21
24
27
30
33
36
42
43
a4
G0
GE6
72
b=
a4
a0
36
102
1035
120

e
-

ME

A

ol B Bl e Bl B Bl e
o = B e e e e = e

Bl = el =l = il = = o = B = = el = e = ol =
oo = o el = e = il = o e o o e = e e el e i = o i = el
A AD(AD|A(AD| DD DA DD DD DDA

NR-Non-Reinforced, R-Reinforced
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Designers will be cautioned if they have entered information contrary to currently used
standards.

Wall Thickness: Standardized wall thicknesses have been developed for each diameter
of circular pipe commonly available from reinforced concrete pipe manufacturers. The
wall thicknesses are designated 'A’, 'B', 'C' and OTHER with 'A'-wall having the smallest
thickness and 'C'-wall having the largest standard thickness within a given pipe diameter.
Selecting OTHER wall thickness allows the designer to set a value for wall thickness.

Inner Diameter: A value for the inner diameter, in mm or in., of pipe being used on site
must be entered if the loading on circular pipe is to be studied. In the event that horizontal
or vertical elliptical pipe, or, arch pipe has been chosen for use on site, the program will
require the designer to first input the span and then rise (in mm or in.) of such pipe. The
designer is presented with a list of standard pipe sizes in a pull down menu.

Span: The designer is presented with a list of standard pipe span sizes in a pull down
menu. Selecting a span automatically fills the rise of the pipe. This parameter is available
only if the pipe shape is non-circular.

Rise: The designer is presented with a list of standard pipe rise sizes in a pull down

menu. Selecting a rise automatically fills the span of the pipe. This parameter is available
only if the pipe shape is non-circular.
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@ 3EB - Load/Installation

The Load/Installation form allows the designer to set the following parameters.

Soil Type: The designer is presented with list of soil type and their maximum and
minimum soil densities (see soil tables for more information). Selecting a soil type
automatically assigns the maximum soil density to Insitu Soil Density.

The Soil Types presented in 3EB include a number of materials in use. The following
tables are provided as guidance to designers using PipePac.

The tables provide the gradations of materials identified in PipePac as percent (%)
passing a particular sieve size. References are also provided as additional information.

Granular | Granular | Granular
159 mm Clear Stone i B c
siewe Designation
150 mm 100 100
26.5 mm 100 100 a0-100 a0-100
19.0 mm 20-100 H25-100
13.2 mm £5-90
2.5 mm 0-55 a0-73
4775 mm 0-10 35-05 20-100 20-100
2.36 mm
1.18 mimn 15-40 10-100 10-100
0600 mm
0.300 mm 5-22 2-65 5-90
0.150 mm 4-30
0.075 mm 2-3 0-8 0-10
Sources:

Ontario Provincial Standard OPSS 1004: Material Specifications for Aggregates —
Miscellaneous (19 mm Clear Stone)

Ontario Provincial Standard OPSS 1010: Material Specification for Aggregates —
Granular A, B, M and Select Subgrade Material

Ministry of Transportation for Ontario standard MTO 1010: Material Specification for
Aggregates — Granular C



HL 3 HL &6 &HLE
=ieve Designation
9.5 mm 100 100
475 mm 80-100 83-100
2.36 mm 70-100 £0-100
1.18 mm 50-90 24-90
0,600 mm 30-70 17-70
0.3200 mm 15-40 G-410
0,150 mm 5-15 a-15
0.075 mm 0-5 0-7
Source:

Ontario Provincial Standard OPSS 1003: Material Specification for Aggregates — Hot
Mixed, Hot Laid, Asphaltic Concrete

Default Granular Soil Type: Silty Sand
Insitu Soil Density:

Default Insitu Soil Density: 1922 kg/cu.m or 120 Ib/cu.ft. The soil density will
automatically change when a specific soil type is chosen, but this value can be over-
ridden by the user if required.

Vertical Surcharge: The vertical surcharge loading parameter is used when construction
or post construction dead loads directly over a completed section of installed pipe are
anticipated. This load should not include any live or backfill loads.

Default - 0

Fluid Load: Fluid weight typically is about the same order of magnitude as pipe weight
and generally represents a significant portion of the pipe design load only for large
diameter pipe under relatively shallow fills (see Fluid Load for more information).

Default - No

Minimum height of fill (m/ft.): The minimum depth of fill is the smallest distance,
along a line of pipe, measured between the final grade and the top of the pipe.

Default - 1ft. or .3m
Maximum height of fill (m/ft.): The maximum depth of fill is the largest distance, along
a line of pipe, measured between the final grade and the top of the pipe. When

determining this distance from plans, it is recommended that the designer assume a
maximum depth at least 0.3m greater than that read from the plans in order to account for

18



errors in the reproduction of drawings, or possible unforeseen problems on site with
placing the pipe to the desired elevations.

Default - 20ft. or 6m

Incremental fill (m/ft.): This input value allows the designer to determine the
increments between minimum and maximum depth of fill at which the loading on the
pipe is to be studied.

Default - 1ft. or .3m

Selected Depth (m/ft.): The pipe classes for selected bedding type will be calculated at
this height.

Live Load Types: Depending on where a given run of pipe is to be installed, an
appropriate live load acting above the pipe should be considered. The following sections
describe the different live loading scenarios, which can be modeled using the 3EB
program:

AASHTO

The AASHTO specifications require that bridges supporting Interstate Highways shall be
designed for the HL-93 Live Load. The HL-93 load consists of the worst case load from
either an HS20 truck or an Interstate vehicle.

HS loadings consist of a tractor truck with semi-trailer or the corresponding lane load.
The HS loadings are designated by the letters ‘HS’ followed by a number indicating the
gross weight, in tons of the tractor truck. The live load applied to the pipe results from the
heaviest single axle on the truck (32 kips for an HS 20 load = 80 percent of the gross
weight of the truck). Due to increasing truck sizes, HS Truck loads may have to be
increased beyond 20 tons for certain states or provinces.

The Interstate (or Military) load is applied over dual axles. The AASHTO LRFD Bridge
Design Specifications applies a load of 25 kips per axle with the two axles being spaced 4
feet apart.

For required parameters, refer to AASHTO and CHBDC Live Loading Parameters
Cooper

Railroad authorities presently use AREMA loading. In determining the live load
transmitted to a pipe installed under railroad tracks the weight of the locomotive driver
axles plus the weight of the track structure, including ballast, is considered to be

uniformly distributed over an area equal to the length occupied by the drivers multiplied
by the width of the ties.
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Aircraft

If pipe is to be installed underneath a runway, an Aircraft live loading should be
specified. In the Aircraft Loading Parameters form, the designer can specify whether the
pavement at final grade above the pipe is Rigid or flexible.

CHBDC-CAN, CHBDC-ONT

CSA S6-00 Canadian Highway Bridge Design Code offers a choice of two live loads.
These are known as CL-W and CL-625-ONT. Both of the truckloads are 625kN,
however, the wheel and axle spacing is slightly different. CL-W has been developed for
the national road network, and CL-625-ONT has been developed for use in Ontario.
Users should verify the load adopted by the provincial authority in which the design
pertains to. For details on the spacing, refer to Section 3 of the Canadian Highway Bridge
Design Code. For required parameters, refer to AASHTO and CHBDC Live Loading
Parameters

None

The selection of this option cancels any live loading analysis performed on the pipe.
Other

If none of the above live loadings is suitable for a given analysis, the designer may wish
to define a customized or 'other' loading. The remainder of the input requirements are

then identical to that of the Aircraft loading.

Installation Types: The designer can select one of the following installation types:
Trench, Positive Projection, Negative Projection, Jacked or Tunneled.

Trench

A Trench installation is an excavation designed in such a manner so as to have the
sidewalls of the trench carry a portion of the backfill load. A Trench installation is
dependent upon six elements: the diameter of the pipe being placed, the width of the
trench measured at the top of the pipe, the depth at which the pipe is placed, the friction
developed between the backfill material and the native trench wall material, the density
of the backfill material and, the material in which the pipe is being placed.

20



There is a limiting width of trench measured across the top of the pipe, beyond which
point the trench sidewalls no longer carry any of the backfill load directly above the pipe.
This limiting width is known as the transition width. The transition width changes with
depth for a given diameter of pipe. The reader is referred to the Ontario Concrete Pipe
Association (OCPA) Concrete Pipe Design Manual or the American Concrete Pipe
Association (ACPA) Concrete Pipe Design Manual for approximations of Transition
Width values.

Once the transition width is reached for a given diameter of pipe at a certain depth, the
friction and hence shear forces developed between the backfill and trench wall materials
become negligible in terms of reducing the overall load the pipe must carry. At Transition
Width and beyond, the excavation is no longer considered a Trench installation.

IF THE DESIGNER HAS SPECIFIED PIPE BASED ON A TRENCH
INSTALLATION DESIGN, IT IS IMPERATIVE THAT CONTROLS BE
MAINTAINED ON SITE SO AS TO ENSURE THAT THE TRENCH WIDTH
SPECIFIED BY THE DESIGNER (MEASURED ACROSS THE TOP OF THE PIPE)
IS NOT EXCEEDED. FAILURE TO DO SO MAY RESULT IN THE PLACEMENT
OF PIPE OF INADEQUATE STRENGTH SHOULD THE DESIGN WIDTH BE
EXCEEDED.

Positive Projection

When Transition Width for a given diameter of pipe at a given depth is reached, the
installation is referred to as a Positive Projected Embankment Installation. This
installation is the most conservative of the four which can be selected from the 3EB
program in that the pipe carries the full load of the backfill material above it plus
additional load as a result of frictional forces. Once Transition Width is exceeded, the
load on the pipe does not increase.

Negative Projection

Negative Projecting Embankment Installation contains elements of both the Trench and
Positive Projected Embankment installations. The bottom portion of this installation is in
a native material. The portion above the sub-trench is an embankment, similar to that of
the Positive Projected installation.

If the width of the sub-trench, measured across the top of the pipe is at the transition

width for a given diameter of pipe at a given depth of fill, then the installation is
considered to be a Positive Projected Embankment installation. If the width of the sub-
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trench is less than the Transition Width, then a small portion of the backfill load is taken
up by the shear developed between the backfill and sub-trench wall materials.

When the top of the pipe is flush with the top of the sub-trench, the installation is referred
to as a Zero Projecting Embankment.

IF THE DESIGNER HAS SPECIFIED PIPE BASED ON A NEGATIVE PROJECTING
EMBANKMENT INSTALLATION DESIGN, IT IS IMPERATIVE THAT CONTROLS
BE MAINTAINED ON SITE SO AS TO ENSURE THAT THE TRENCH WIDTH
SPECIFIED BY THE DESIGNER (MEASURED ACROSS THE TOP OF THE PIPE)
IS NOT EXCEEDED. FAILURE TO DO SO MAY RESULT IN THE PLACEMENT
OF PIPE OF INADEQUATE STRENGTH SHOULD THE TRANSITION WIDTH BE
EXCEEDED.

Jacked or Tunneled

Jacked: The OCPA and ACPA Concrete Pipe Design Manual indicates that this type of
installation is used where surface conditions make it difficult to install the pipe by
conventional open excavation and backfill methods or where it is necessary to install pipe
under an existing embankment.

Reinforced concrete pipe as small as 450mm(18in.) inside diameter and as large as
3600mm(144in.) inside diameter have been installed by jacking. Since conventional
jacking procedures require access by workers through the pipe to the heading, a
900mm(36in.) diameter pipe is generally the smallest practical size for most jacking
operations.

Tunneled: Abbott (1992) explains that the installation of underground pipelines and
sewers utilizing microtunneling or tunneling techniques is becoming more common
throughout the world. Both of these terms refer to the installation of pipes or tunnels by
trenchless means, either in non-man entry sizes, termed microtunneling (typically where
pipe diameters are less than 900mm(36in.)), or for larger sized bores where either
conventional hand or mechanized tunneling techniques are used.

The usual procedure in tunnel construction is to complete excavation of the tunnel bore
first and then install the pipe. The size of the pipe installed is limitless.

Microtunneling methods, using jacking pipe and thrust jacks, are more frequently being
used to install pipelines and tunnels of up to 3000mm(120in. or greater) in diameter. The
equipment, for a given ground condition, is similar to that of microtunneling used for
smaller pipes but the size, capacity and weight significantly increases, as do the jacking
forces.

A microtunneling machine is a remotely controlled mechanical boring machine which is

pushed into the soil by means of a hydraulic jacking system. The pipes to be installed are
jacked behind the machine as the bore progresses.
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Bedding Types: The bedding factor, stated simply, is the ratio of the moment induced
in a section of pipe during the three-edge bearing (T.E.B.) test to the moment induced in
a section of pipe when installed in the field. The bedding factor depends upon two
characteristics of the installation: Width and quality of the contact between bedding and
the pipe, and, the magnitude of the lateral pressure and the portion of the vertical area of
the pipe over which it is effective.

The T.E.B. test is a means of verifying the structural strength of a pipe. The load per
linear meter, which a pipe will support under this condition, is termed the T.E.B. strength.
The T.E.B test is the most severe loading to which any pipe will be subjected. There is no
lateral support for the pipe as provided under actual buried conditions. As well, the
applied forces in the test are virtually point loads.

The 3EB analysis will determine the bedding factor at every increment of depth specified
in the height of fill section. The bedding factor is then, in fact, a variable bedding factor
as it changes with depth. If the designer wishes to simulate another bedding with a fixed
bedding factor, the 'Other' option should be selected. The designer must then enter a
bedding factor.

The following bedding types are available for circular pipes: 1, 2, 3, 4, B, C and Other.
For non-circular pipe, the bedding types available are: 2, 3, B, C and Other .

The default bedding options for Jacked or Tunneled installation are: Grouted, Non-
grouted, and Other. When Grouted is selected, this means that the designer anticipates
that grout will be pumped between the pipe and soil in order to fill the void and give
more consistent lateral pressure thus decreasing the chances of point loading on the pipe.
The bedding factor for a grouted bedding is fixed at 3.0 by the program. When the pipe is
non-grouted, the bedding factor is fixed at 1.9 by the program, simulating a class B
bedding. If the Other option is chosen, it is suggested a value between 1.9 and 3.0 be
selected.
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& AASHTO and CHBDC Loading
Parameters

All of the major highway specifications in the United States and Canada require an
analysis of structures beneath both a single axle load and a double axle load. The live
load input screen allows the PipePac user to input the axle loads for both a single axle
truck load and a double axle truck load.

While all the major specifications such as the American Association of State Highway
and Transportation Officials (AASHTO) and the Canadian Highway Bridge Design Code
(CHBDC) require an analysis of single and double axles, their magnitudes are different
(see table below). Generally, the single axle load is higher than the individual axle loads
for the double axle load condition, although the sum of the two axles is greater than the
single axle load.

The input screen allows the user to specify the load values for both the single axle, and
the value for the individual axle of a dual axle load. Appropriate default values are given
when the "AASHTQO", "CHBDC", or "CHBDC-Ont" live load option is originally
chosen. However, these values can be changed by the user. Changes to the default values
may be required when evaluating buried pipe for states, provinces, and municipalities
where the design requirements often deviate from the national standards. Many local and
private designs only require an analysis using the single axle load. In this case, the
designer may simply input a value of zero for the "Load Per Axle" of the double axle
load.

The impact factor (termed dynamic load allowance in some standards) is applied to the
static wheel load to account for wheel load impact from moving vehicles. This dynamic
response through the soil is reduced as the depth of cover over the pipe increases. In
some standards, such as the AASHTO Standards, the value is allowed to dissipate to
zero, while in other standards, such as CHBDC, there is a limit on the minimum impact
factor. Thus, the input screen allows the user to input the impact factor at the surface, the
minimum impact factor, and the depth of cover over the pipe (including pavement
thickness) at which the minimum impact factor is reached. The PipePac program reduces
the impact factor linearly from its maximum value at the surface, to its minimum value at
the depth specified.

The PipePac program evaluates both the single axle and dual axle loads over the range of
fill heights specified. The loads are applied in a direction of travel perpendicular to the
axis of the pipe and in a direction of travel parallel to the axis of the pipe, and the worst
case condition is used for design and printed in the output.

24



The default values used in PipePac are given below:

Code Axels Load per |Space I.LF. atthe |Minimum |Depthto
Axel Between |Surface |Impact Minimum
Axels Factor LF.
AASHTO Single 32kips  |N/A 0.33 0.0(8 ft.
LRFD Double 25 kips 4 ft. 0.33 0.0(8 ft.
CHEBDC Single 175kN N/A 0.4 0.1(1.5m
CL-625 Double 125kM 12m 0.4 0.1(1.5m
CHBDC-Ont | Single 175kN N/A 0.4 0.1|11.5 m
CL-6250NT |Double 140kM 12m 0.4 0.1(1.5m
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@ Aircraft Loading Parameters

If Rigid pavement is selected, the designer is required to input the following parameters:

Number of loads - This parameter allows the designer to specify whether one or two live
loads are active. The default setting is one live load.

Magnitude of load - The magnitude of the default number of loads (one) is required for
this input parameter.

Magnitude of each load - If two loads are selected as the number of loads, then this input
parameter will appear rather than the above parameter. In this case, the magnitude
entered will be the magnitude of each of the two loads.

Distance between center of each load - This parameter appears only if the number of
loads entered in the first selection is two. The designer simply enters the distance
between the two active live loads.

The following parameters appear regardless of whether one or two active live loads have
been selected:

Pavement thickness - This value is the thickness of the pavement upon which the live
load(s) will be acting.

Modulus of elasticity of pavement - This value is simply Young's modulus of elasticity,
with a default setting of 27579 Mpa(4,000,000 psi). This corresponds to a 28 day
specified compressive strength of approximately 30.4 Mpa(4500 psi). The designer may
specify a different modulus of elasticity by using the formula:

E = 5000 x square root (28 day compressive strength, in Mpa)

E =57,000 x square root in psi

where E = Young's modulus of elasticity

Poisson's ratio of pavement - Poisson's ratio is defined as the ratio of the unit lateral
strain to the longitudinal strain. The default value for this parameter is .15.

Modulus of subgrade reaction - The design procedure for concrete pavement outlined
below was developed on the basis of AASHTO road tests. The specific assumptions and
methodology used in developing this design method are given in AASHTO “Interim
Guide for Design of Pavement Structure., 1972. This design method is based on the
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following parameters: terminal serviceability index, pt, equivalent 18-kip single-axle
loads, and modulus of subgrade reaction

k (Westergaard's modulus of subgrade reaction, referred to as gross k in AASHTO road
test reports, which represents the load, psi, on a loaded area divided by the deflection, in,
of that area). The scales for k included in design charts are correlated with values
obtained by plateloading tests performed. in accordance with AASHTO T222 with a 3~in
diameter plate. The k value may be estimated on the basis of previous experience or by
correlation with other tests.

Radius of stiffness (RS) of rigid pavement - This value will be calculated by the
program.

Relative spacing of loads (spacing/RS) - This value will be calculated by the program
only if the number of loads entered in the first selection is two.

If the spacing is greater than 3.2 x RS, a default spacing of 3.2RS is used since values
greater than this do not exist for this range. (see ACPA Concrete Pipe Design Manual for
more details)

If the flexible Pavement is selected, the designer is required to input the following
parameters:

Load magnitude - This is simply the magnitude of the live load the designer wishes to
specify.

Load width at ground surface - This value is the width of the load ‘footprint', measured
in the direction parallel to the flow within the pipe.

Load length at ground surface - This value is the length of the load 'footprint’, measured
in the direction perpendicular to the flow within the pipe.

Live Load Distribution Factor - This is the ratio of increase in the horizontal spread of
the live load with respect to increase in depth.

The load, over its designated footprint, is applied at the top of the pipe in such a manner
so as to have a load distribution with dimensions:

(load width + LLDF x depth) by (load length + LLDF x depth).

NOTE: A minimum value of .305m or 1ft. must be entered for both the load width and
length.
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@ Soil Tables

Typical Standard Proctor Dry Densities and Optimum Moisture Contents

MAXIM UM STANDARD CPTIRLIM
TYFE MATERIAL FROCTOR DRY DEMSITIES MOISTURE
(pcf) (kosm®) COMTEMT( %)
Asphalt HLE, HLS 143 - 154 2370 - 2467 -
HL3 149 - 152 2367 - 2439 -
Base Course | Granular"A' 133 - 145 2130 - 2323 5-8
20mm (344 in)
Crugher Run 135 - 138 2162 - 2211 5-8
Sub-Base Granular "B" 117 - 138 1874 - 2211 G- 10
S0mm (2 in)
Crusher Run 132 - 138 2114 - 2211 5-7
Screenings 132 - 136 2114 - 2179 5-8
subgrade Gravelly Sand 126 - 133 2018 - 2130 7-9
Soils Granular "C" 115 - 123 1842 - 1970 8-12
Fine Sand 110 - 116 1762 - 1858 8-12
Silty Sand 113 - 120 1810 - 1922 8-12
Sandy Silt 110 - 118 1762 - 1890 8-12
Silty Sand Silt 124 - 130 1986 - 208% 7-10
Sandy Silt Till 120 - 128 1322 - 2050 g-12
Clayey Silt Till 115 - 125 1842 - 2002 8-13
Silty Clay Till 118 - 125 1830 - 2002 10 - 14
Silty Clay 116 - 124 18558 - 1936 12 -18
Clayey Silt 115 - 122 1842 - 1954 10 - 14
Silty Clayf
Weathered Shale | 116 - 124 1855 - 1986 10 - 15

Information presented in this table is used when selecting soil types and densities.



G* Fluid Load

Fluid weight typically is about the same order of magnitude as pipe weight and generally
represents a significant portion of the pipe design load only for large diameter pipe under
relatively shallow fills. Fluid weight has been neglected in the traditional design
procedures of the past, including the Marston Spangler design method utilizing the B and
C beddings. There is no documentation of concrete pipe failures as a result of neglecting
fluid load. However, some specifying agencies such as AASHTO and CHBDC, now
require that the weight of the fluid inside the pipe always be considered when
determining the D-load.

The fluid load option uses 9.8 kN/cu.m (62.4 Ibs/cu.ft) in accordance with AASHTO.
This load is added to the earth load and divided by the earth load bedding factor when
determining the D-load.

When fluid load is considered in the analysis, the resulting D-load equation is:

Dzz[E).(WFWH WL)

E B Bap

WWhere: S = internal horizontal span of pipe, mm (in)
WWe = total earth load an pipe, kMN/m {Ibs/ft)
We = fluid load in the pipe, kN/m (lbsfft)
WY, = total live load an pipe, kN/m (Ibs/ft)
E;. = earth load bedding factar
B = live load bedding factar
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< Trench

Trench Installation Parameters
(@ cLosE )

Trench Width in (m) 1.150 @ CALCULATE:}

Soil Type 0.1924 w k'

You are alsc reguired to enter parameters below just in case the trench width exceeds the transition width
Projection ratio: 0.50

Soll lateral pressure ratio: 0.33

Lateral pressure fraction: 0.50

Settlement ratio: 070 »

Soil property: 0.1 v K

Trench Width: For bedding types B and C: The Trench Width may based on OPSD
standards. The OPSD indicates a requirement for a spacing of 300mm(12in.) on both
sides of a circular pipe for all diameters less than or equal to 900mm(36in.). For pipe of
diameter 975mm(39in.) or greater, the OPSD standard requires a spacing of
500mm(20in.). For bedding types 1, 2, 3 and 4: The Trench Width may based on Design
Data 9(DD9) standards. The DD9 indicates a requirement for a minimum spacing of 1/6
of pipe outside diameter on both sides of a circular pipe for all diameters. Click
‘calculate’ button to re-calculate the trench width.

Soil Type (kp'): The soil property (Ku') entered in this form is a value for the native
material forming the walls of the trench. The designer may input a value particular to the
soil found on site if Rankine's coefficient (K) and the coefficient of friction between the
backfill material and the trench walls (') are known. If such data are unavailable, typical
values are provided in the drop down list.

Projection Ratio: The projection ratio (for Positive Projecting Embankment
installations) is the horizontal projection of the profile, above the shaped bedding, after it
has been placed. The projection ratio affects the relationship between the settlement of
the soil column density above the pipe and the soil adjacent to the pipe. Generally,
preparation of the bedding by contractors results in a projection ratio which varies
between 0.7 and 0.9.

Lateral Soil Pressure Ratio: Lateral pressure ratio is another way of referring to
Rankine's active earth pressure coefficient (Ka). This is a means of relating the lateral
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pressure of a given soil on a pipe to that caused by the vertical load above it. A lateral
pressure ratio (Ka) of .33 has long been established as a conservative estimate for most
situations.

Lateral Pressure Fraction: The Lateral Pressure Fraction defaults to the value entered
for the projection ratio. The Lateral Pressure Fraction is an indicator of the quality of
compactive effort that takes place along the exposed profile of the pipe defined by the
projection ratio, for the Positive Projected Embankment installation case. If it is assumed
that the contractor takes reasonable care to properly place and compact the materials
along the projection ration then the default value may be accepted. If site conditions are
such that achieving a good compactive effort along the projection ratio is improbable, the
designer may wish to enter a number smaller than the default value.

Settlement Ratio: The settlement ratio provides an indication of the relative movement
of the interior and exterior soil prisms. The differential movements of the prisms create
shear forces which are aligned so as to resist movement between soil masses. Depending
on how the masses move, the shear forces may add to, or slightly reduce, the load on the
pipe. Typical settlement ratio values are suggested to the designer in the drop down list.

Soil Type(kp): The soil type (Ku) entered in this screen is a value for the backfill
material only. The reason for this is because once the pipe has been installed in a trench
which is beyond Transition Width, the trench walls have no effect on the load carried by
the pipe. The backfill material is now considered to form the walls of the trench. The
designer may input a value particular to the backfill material if Rankine's coefficient (K)
and the coefficient of friction of the backfill material (p) is known. If such data are
unavailable, typical values are provided in the drop down list.
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< The Positive Projecting Embankment

Positive Projecting Embankment Parameters

() cLose )
Projection ratio: 0.5
Soll Lateral Pressure ratio: 0.22
Lateral Pressure fraction (m): 0.5
Settlement ratio: 0.7 v
Soil Type: 0.1 * kp

Projection Ratio: The projection ratio (for Positive Projecting Embankment
installations) is the horizontal projection of the profile, above the shaped bedding, after it
has been placed. The projection ratio affects the relationship between the settlement of
the soil column density above the pipe and the soil adjacent to the pipe. Generally,
preparation of the bedding by contractors results in a projection ratio which varies
between 0.7 and 0.9.

Lateral Soil Pressure Ratio: Lateral pressure ratio is another way of referring to
Rankine's active earth pressure coefficient (Ka). This is a means of relating the lateral
pressure of a given soil on a pipe to that caused by the vertical load above it. A lateral
pressure ratio (Ka) of .33 has long been established as a conservative estimate for most
situations.

Lateral Pressure Fraction: The Lateral Pressure Fraction defaults to the value entered
for the projection ratio. The Lateral Pressure Fraction is an indicator of the quality of
compactive effort that takes place along the exposed profile of the pipe defined by the
projection ratio, for the Positive Projected Embankment installation case. If it is assumed
that the contractor takes reasonable care to properly place and compact the materials
along the projection ration then the default value may be accepted. If site conditions are
such that achieving a good compactive effort along the projection ratio is improbable, the
designer may wish to enter a number smaller than the default value.

Settlement Ratio: The settlement ratio provides an indication of the relative movement
of the interior and exterior soil prisms. The differential movements of the prisms create
shear forces which are aligned so as to resist movement between soil masses. Depending
on how the masses move, the shear forces may add to, or slightly reduce, the load on the
pipe. Typical settlement ratio values are suggested to the designer in the drop down list.
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Soil Type (kp): The soil type (Kp) entered in this screen is a value for the backfill
material only. The reason for this is because once the pipe has been installed in a trench
which is beyond Transition Width, the trench walls have no effect on the load carried by
the pipe. The backfill material is now considered to form the walls of the trench. The
designer may input a value particular to the backfill material if Rankine's coefficient (K)
and the coefficient of friction of the backfill material (p) is known. If such data are
unavailable, typical values are provided in the drop down list.
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@ The Negative Projecting

Embankment
Negative Projection Embankment Parameters
() cLosE )
Projection Ratio: 0.5
Width of Sub-trench (m) 0
Soil Lateral Pressure ratio: 0.23
Settlement ratio: -0.7 v
Soil Type: 0.1 v ku
You are also required to enter parameters below just in case the trench width exceeds the parameter width
Lateral Pressure fraction (m): 0.5
‘Settlement ratio: 0.7 v

Projection Ratio: The negative projection ratio is the distance from the top of the sub-

trench to the top of the pipe. The greater the negative projection ratio, the lower the load
on the pipe. The negative projection ratio is given in terms of a multiple of the width of
the trench at the top of the pipe.

Width of Sub-trench: For bedding types B and C: The Trench Width may based on
OPSD standards. The OPSD indicates a requirement for a spacing of 300mm(12in.) on
both sides of a circular pipe for all diameters less than or equal to 900mm(36in.). For pipe
of diameter 975mm(39in.) or greater, the OPSD standard requires a spacing of
500mm(20in.). For bedding types 1, 2, 3 and 4: The Trench Width may based on design
data 9(DD9) standards. The DD9 indicates a requirement for a minimum spacing of 1/6
of pipe outside diameter on both sides of a circular pipe for all diameters.

Lateral Soil Pressure Ratio: Lateral pressure ratio is another way of referring to
Rankine's active earth pressure coefficient (Ka). This is a means of relating the lateral
pressure of a given soil on a pipe to that caused by the vertical load above it. A lateral
pressure ratio (Ka) of .33 has long been established as a conservative estimate for most
situations.

Settlement Ratio: The settlement ratio provides an indication of the relative movement
of the interior and exterior soil prisms. The differential movements of the prisms create
shear forces which are aligned so as to resist movement between soil masses. Depending
on how the masses move, the shear forces may add to, or slightly reduce, the load on the
pipe. Typical settlement ratio values are suggested to the designer in the drop down list.
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Soil Type (kp): The soil property (Kp') entered in this screen is a value for the native
material forming the walls of the trench. The designer may input a value particular to the
soil found on site if Rankine's coefficient (K) and the coefficient of friction between the
backfill material and the trench walls (u') are known. If such data are unavailable, typical
values are provided for the designer in the drop down list.

Lateral Pressure Fraction (m): The Lateral Pressure Fraction is set by the user. The
Lateral Pressure Fraction is an indicator of the quality of compactive effort that takes
place along the exposed profile of the pipe defined by the projection ratio, for the Positive
Projected Embankment installation case. If it is assumed that the contractor takes
reasonable care to properly place and compact the materials along the projection ratio
then the default value may be accepted. If site conditions are such that achieving a good
compactive effort along the projection ratio is improbable, the designer may wish to enter
a number smaller than the default value.

Settlement Ratio: The settlement ratio provides an indication of the relative movement
of the interior and exterior soil prisms. The differential movements of the prisms create
shear forces which are aligned so as to resist movement between soil masses. Depending
on how the masses move, the shear forces may add to, or slightly reduce, the load on the
pipe. Typical settlement ratio values are suggested to the designer in the drop down list.
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@ Jacked or Tunneled

Jacked or Tunneled Installation Parameters

-}n CLOSE 3
Width of Bore Excavation (m) 0.00
Soil Type: 0.1+ ky
Soil Cohesion (kPa) 192

Width of Bore Excavation: The value to be entered for this parameter is simply the
diameter (width) of the tunnel being excavated for eventual jacking of pipe.

Soil Type (kp): The soil property entered in this form is a value for the native material
forming the walls of the bore excavation. The designer may input a value particular to the
soil found on site if Rankine's coefficient (K) and the coefficient of friction of the native
material (p) is known. If such data are unavailable, typical values are provided for the
designer in the drop down list.

Soil Cohesion: In general terms, a soil is considered to be cohesive if the particles adhere
after wetting and subsequent drying and if significant force is then required to crumble
the soil: this does not include soils whose particles adhere when wet due to surface
tension. The greater the cohesion of the soil, the stronger the ‘arched’ or ‘circular’ soil
structure surrounding the jacked pipe will be in supporting loads above it.

If the designer does not have cohesion values for soils from site, a list of typical values
can be found in the drop down list.
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@ 3EB Bedding Types

For AASHTO Bedding Types 1, 2, 3 and 4 (CHBDC denotes these as C1, C2, C3

and C4):
Bedding Type | Bedding Depth Haunch
Type 1 fammidin.) H5% =W
Type 2 fammidin.) 90% SV or 95% ML
Type 3 7ammi{3in.) 5% SV, 90% ML or B5% CL
Type 4 0 Mo compaction required, expect if CL, use 85% CL

SW-Gravelly Sandy; ML-Sandy Silt; CL-Silty Clay

B ackfillAQwerfil
Swf MLarCL | H

o

Type1,2,3and 4

Bedding |
J

7 AN

Min. DosE
Springline

Haunzh

For Bedding Types B and C:

The minimum bedding depth shall be 0.15D or 150mm(6in.) whichever is greater. The

OPSD indicates a requirement for a spacing of 300mm(12in.) on both sides of a circular
pipe for all diameters less than or equal to 900mm(36in.). For pipe of diameter
975mm(39in.) or greater, the OPSD standard requires a spacing of 500mm(20in.).
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@ Bedding Type Other

The "Other" option under Bedding Type allows for conditions other than those defined
for the Marston/Spangler or Standard Installation Beddings. Seldom would such an
occasion occur. When this option is chosen the designer must specify the bedding factor
to be used. The bedding factor will remain constant for all fill heights and loading
conditions. The designer has two choices under "other".

Constant VAF - This option allows the user to choose a constant Vertical Arching Factor
for the positive projecting embankment condition as well as a constant bedding factor.
The vertical arching factor is multiplied by the soil prism load above the pipe to
determine the load on the pipe. This method of calculating soil load is synonymous with
the method used for the Standard Installations, where the vertical arching factor remains
constant regardless of depth. The VAF values for the Standard Installations in an
embankment condition are as follows:

Type 1-VAF=1.35

Type 2 - VAF = 1.40

Type 3 - VAF = 1.40

Type 4 - VAF = 1.45,

Variable VAF -With this option the soil load for the positive projecting embankment
condition is calculated based on the projection ratio, settlement ratio, and soil type
provided under "Installation Type". This method of calculating soil load is synonymous
with the method used for the Marston/Spangler beddings. Unlike the "Constant VAF"
option where the vertical arching factor remains constant regardless of depth for a
positive projecting embankment installaton, the vertical arching factor gradually
increases with depth when using this option.

With a trench condition the program evaluates whether or not the trench is wider than
transition width. If trench width exceeds transition width, then the program uses the
appropriate positive projecting embankment vertical arching factor as specified above.
When trench conditions prevail a reduced vertical arching factor is applied to the soil
prism load as a result of the frictional forces along the trench wall, regardless of the
option chosen under "other".
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@ 3EB - Safety

Pipe strengths are usually presented in terms of a 0.3mm(0.01in) crack strength or

ultimate strength in the T.E.B. test for reinforced concrete pipe. The 0.3mm(0.01in) crack

D-Load is the load at which a 0.3mm(0.01in) wide crack of 300mm(12in) length first
appears in a pipe section under loading from the T.E.B. machine.

A comparison of imperial and metric pipe strength designations is given in the following

table:

For reinforced pipes:

CEA ASTH

METRIC  IMPERIAL METRIC  IMPERIAL

MArndmm |bJftsft M mim lb At At
40-D 40 830 CL-| 40 200
50-D 50 1040 CL-1l 50 1000
E5-D b5 1350 CL- b5 1350
100-D 100 2090 CL-Iv 100 2000
140-0 140 2920 CL-Y 140 3000

For non-reinforced pipes:

Designated Class 1 Clags 2 Class 3
internal Min. strength | Min. strength | Min. strength
diameter, TEB method, | TEB method, TEB method,
ety in. | kMNfm o Ib#t kMfrm bt kMfm Ib#t
100 4 220 9.5 2890 129 350 130
150 b 220 17.0 290 200 350 210
200 8 220 270 290 310 [350 360
225 5 225 MNAA 290 N/A 360 MNfA
2580 10 1235 370 2890 420 350 500
200 12 | 265 50.0 330 EB0O |30 900
375 15 |29.0 738.0 38.0 1000 [420 1200
450 18 | 32.0 1050 (440 1550 [4580 165.0
525 21 350 1590 | 430 2050|550 Z2B0.0O
GO0 24 380 2000 |525 3150|640 3500
G775 27 |41.0 F90.0 | 576 4490 |E7.0 4500
750 30 | 440 4500 | B30 5390 |E3.A 5400
825 J3 | 460 5200 |40 EB190|71.0 E20.0
800 J5 | 480 EHBOOD |B55  EBE990 | 730 7000
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The safety factor is defined as the relationship between the ultimate strength D-load and
the 0.3mm(.01in.) crack D-Load. This relationship is fixed in the CSA and ASTM
standards on reinforced concrete pipe. For pipe designed for the 0.3mm(.01in.) crack for
a D-load up to and including 200N/m/mm(2000Ib/ft/ft) load the ultimate strength D-load
is 1.5 times the D-load specified for the 0.3mm(.01in.) crack. For pipe designed for the
0.3mm(.01in) crack for a D-load 0f 140N/m/mm(30001b/ft/ft) The ultimate load varies in

linear proportion between 1.5 and 1.25 times the D-load specified for the 0.3mm(.01in.)
crack.

The 3EB program displays default factors of safety as specified above. The designer is
allowed to override the defaults with different safety factors.

Factors of Safety for Dead and Live Loads

Dead Load Live Load
0.30 mm crack: 1 1
@ CSA-A257.2-03 Standard Ultimate:
User Specified DLO3 <= 100 N/m/mm: 15 15
DLO3 >= 140 N/m/mm: 1.25 125

Intermediate DLO3 is interpolated
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3EB - Results

.‘"-'

The Results form allows the designer to set pipe classes for each bedding type. If you
perform a CAPE analysis, these pipe classes will be used to find the pipe costs.

o ™
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@

4 d

CL-lI v

]
=
4

(3) PREVIEW ANALYSIS (3) PREVIEW SUMMARY

Pipe Class: The pipe class pull down lists are populated in the following manner:
A results table for selected bedding types.

Height of Fll - Selected Depth ~ ©  'm

Pipe Class |PipeDepth (Arch Fact [>Trans |EarthLoad |Liveload [SurchlLoad |TotalLoad |Bed Fact{DL) [RequireDLoad [

If the pull-down lists are empty, perform a re-analysis by clicking the button.

More details on results table.
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Available Buttons

(@ anavrze ) i
(© anavze ) Updates the pipe classes and the pull-down summary tables.

CEITEIIEED Shows a print preview of analyzed data.
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@ Results

Pipe Depth:

The pipe depth is shown, rounded to the nearest tenth of a meter, as specified in the limits
for minimum and maximum depth of fill and the increment entered in the
Load/Installation form.

Earth Load:
The following headings appear under the Earth Load heading:
Arching Factor:

The arching factor is a means of quantifying the transfer of loads between the interior and
exterior soil prisms. When the arching factor has a value greater than 1, load is
transmitted from the exterior prisms to the interior, thus increasing the loading on the
pipe. When the arching factor has a value less than 1, load is transmitted from the interior
to the exterior prisms, thus decreasing the portion of the vertical load carried by the pipe.

> Trans:(This section is not applicable to Positive Projected Embankment and
Jacked or Tunneled)

This column is extremely important as it indicates whether the trench, at a given depth, is
at or beyond transition width. Once the trench width is at or beyond transition, the load
on the pipe is then analyzed as in a Positive Projecting Embankment case.

A "Y' in this column indicates that the trench width is at or beyond transition at the depth
indicated and for the conditions specified. An 'N' indicates that the trench is NOT beyond
transition width and that strict controls must be maintained in order to ensure that the
trench width is maintained at the chosen width (below transition width) for the given
depth.

FAILURE TO DO SO MAY RESULT IN THE PLACEMENT OF PIPE OF
INADEQUATE STRENGTH SHOULD THE TRANSITION WIDTH BE EXCEEDED.

If the designer is unsure if the contractor can maintain A specified trench width less than
the transition width, is suggested that the installation be modeled as a Positive Projected
case. This will yield a worst case loading scenario.

In order to determine, more accurately, the depth at which the trench width is no longer

beyond transition, the designer may wish to specify smaller increments for intermediate
depths, specified in the load/installation form.
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Earth Load:
This column is simply the earth load carried by the pipe at the specified depth.
Live Load:

This column lists the loading, due solely to live load, carried by the pipe at the specified
depth. It can be seen that the effects of live load generally trail off rapidly after only a
few meters depth.

Surch Load:

This column shows the load carried by the pipe, due solely to surcharge, at the specified
depth.

Total Load:

This column is the summation of the earth load, live load, surcharge load and fluid load
carried by the pipe at a given depth.

Bedding Factor:

The bedding factor influences the strength of pipe required to resist the applied loads. If
the designer has selected a variable bedding from the second input screen, the bedding
factor will be determined at every specified depth (note how the values change at
different depths). This illustrates how support from material around the pipe helps to
reduce the induced moment within it. The use of a variable bedding factor will yield
realistic pipe strength requirements rather than the conservative strength requirements
seen with the use of a .fixed. bedding factor. If a fixed bedding has been selected then the
bedding factor is constant throughout the range of specified depths.

Required D-Load:

This is the most important column of the results section and determines the design
strength of pipe required at a particular depth of installation. The total load in KN/m(or
Ib/ft) is converted to a 0.3mm(.01in.) crack load in terms of N/m/mm(or Ib/ft/ft) by
dividing by the diameter of the pipe.

The designer should ensure that the strength of pipe selected for placement is greater than
the D-load shown at the depth of interest is selected for placement.
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@ Summary Report

The Summary report includes: Project Description, Project Design Parameters and D-
Loads for selected bedding types.

The D-Loads will be calculated for each pipe depth which includes all incremental depths
from the minimum pipe depth to the maximum pipe depth.

Here is a sample Report
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Three Edge Bearing Analysis - Summary

Project Description

Project Title: Project2 Consultant:
Project Location: Contractor:
Contract Number: Analyzed By:
Country: Canada Date: 3/27/2013
Units: SI Units Comply To: ASTM (AASHTO)

Alternative: Alternativel

D-LOAD REQUIREMENTS FOR A 450 (mm) DIAMETER CIRCULAR PIPE

PIPE DATA

Mominal Diameter {mm) 450

Inner Diameter (mm) 457

Wall ‘&’ Thickness {mm) 50

INSTALLATION CONDITIONS

Minimum Depth of Fill (m) 0.30

Maxmum Depth of Fill (m) 6.00

Soil Density (kg/m?) 1,922.0

Installation Type Trench
Trench Width (m) 1.15
Soil Lateral Pressure/Friction Term (kp) 0.1924

Parameters to compute Transition Width
Positive Projection Ratio 0.50
Soil Lateral Pressure Ratio 0.33
Soil Lateral Pressure/Friction Term (k) 01
Soil Lateral Fraction 'm’ 0.50
Settlement Ratio 070

ADDITIONAL LOADS

Live Load AASHTO HS-SERIES (H5-20)

Single Axle Load = 142 (kN), Double Axle - Load per Axle = 111 (kM), Space = 1.2 (m)
Live Load Distnbution Factor = 1.15
Default LF. Used.

Mo Surcharge Load

FACTOR OF SAFETY

Factor of Safety on 0.3 MM Crack D-Load (Earth, Live) 1.00 1.00
Factor of Safety on Ultimate Earth and Live Load (ASTM C 76M)
DL.03 Less Than or Equal To 100 M/m/mm 1.50
DL.O3 Greater Than or Equal To 140 MN/m/mm 1.25
DL.O3 Between 100 and 140 N/m/mm Interpolated
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D-LOAD REQUIREMENTS FOR A 450 (mm) DIAMETER CIRCULAR PIPE
Comparison of required D-Load Values for Selected Bedding Types

Pipe Depth (m)
0.30
0.60
0.90
1.20
1.50
1.80
210
240
270
3.00
3.30
3.60
3.90
4.20
4.50
4.30
510
540
570
6.00

Type 1
63 (CL-IM)
38 (CL-D)
28 (CL-T)

24 (CL-T)
22 (CL-T)

22 (CL-I)
22 (CL-D)

23 (CL-D)y
25 (CL-T)

26 (CL-T)
27 (CL-D
28 (CL-T)
30 (CL-D)

31 {CL-I)y
32 (CL-I)

33 (CL-Dy
34 (CL-I)

35 (CL-T)
36 (CL-T)

36 (CL-I)y

Type 2

64 (CL-II)
40 (CL-T)
31 (CL-T)

28 (CL-T)
27 (CL-D)

28 (CL-T)
29 (CL-I)

31 (CL-D)
33 (CL-D)

35 (CL-)
37 (CL-D
38 (CL-)
40 (CL-I)

41 (CL-IT)
43 (CL-IT)
44 (CL-ID)
45 (CL-IT)
47 (CL-IT)
48 (CL-I
49 (CL-ID)

Type 3
65 (CL-IO)
42 (CL-I)

34 (CL-T)
31 (CL-I)

31 (CL-I)
33 (CL-I)

33 (CL-D)
38 (CL-I)
41 (CL-I)
43 (CL-I)
45 (CL-ID)
47 (CL-I)
49 (CL-I)
51 (CL-IIm)
52 (CL-IO)
24 (CL-I)
55 (CL-IO)
57 (CL-Im)
58 (CL-II)
59 (CL-Im)

Type 4
85 (CL-IV)
56 (CL-Im)
46 (CL-IN)
44 (CL-I)
44 (CL-IG
47 (CL-II)
51 (CL-Im)
54 (CL-Im)
57 (CL-IM)
60 (CL-Im)
63 (CL-IID
65 (CL-1m)
67 (CL-IV)
J0 (CL-IV)
71 (CL-IV)
73 (CL-IV)
75 (CL-IV)
76 (CL-IV)
78 (CL-TV)
79 (CL-IV)

Type B
60 (CL-II)
39 (CL-I)
32 (CL-T)
30 (CL-I)
31 (CL-I)
32 (CL-T)
353 (CL-D)
38 (CL-I)
41 (CL-I)
45 (CL-I)
47 (CL-ID
50 (CL-ID)
22 (CL-MI)
24 (CL-II)
35 (CL-II)
27 (CL-I)
38 (CL-II)
39 (CL-Im)
61 (CL-TI)
62 (CL-II)

Type C
73 (CL-IV)
47 (CL-II)
38 (CL-D)
36 (CL-)
37 (CL-I)
39 (CL-D)
42 (CL-I0)
45 (CL-II)
50 (CL-II)
54 (CL-I)
57 (CL-IID
60 (CL-IM
63 (CL-II)
65 (CL-II
68 (CL-IV)
70 (CL-IV)
71 (CL-IV)
73 (CL-IV)
75 (CL-IV)
76 (CL-IV)

Selected Depth: 3 m (closest pipe depth: 3.3 m)

Reinforced Pipe Classes for 0.30 mm crack per ASTM C76M (M/m/mm):
CLI==40; CLI <=5 CLII <=65; CLIV <= 100; CLV <= 140
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@ Detailed Report

The Detailed Analysis report includes: Project Description, Project Design Parameters
and a detailed results table for the selected bedding types.

The results tables include: Pipe Depth, Arching Factor, Earth Load, Surch Load, Total
Load, Bedding Factor, D-Load, for each pipe depth which includes all incremental depths
from the minimum pipe depth to the maximum pipe depth.

Here is a sample Report
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Three Edge Bearing Analysis - Results

Project Description

Project Title: Project2
Project Location:
Contract Number:

Country: Canada

Units: SI Units

Alternative: Alternativel

Consultant:
Contractor:
Analyzed By:
Date: 3/27/2013
Comply To: ASTM (AASHTO)

D-LOAD REQUIREMENTS FOR A 450 (mm) DIAMETER CIRCULAR PIPE

PIPE DATA

Mominal Diameter {mim)
Inner Diameter (mm)
Wall '&" Thickness {mm)

INSTALLATION CONDITIONS
Minimum Depth of Fill {m)
Maxmum Depth of Fill {m)
Soil Density (kg/m?)
Installation Type
Trench Width (m)
Soil Lateral Pressure/Friction Term (ky)
Parameters to compute Transition Width
Positive Projection Ratio
Soil Lateral Pressure Ratio
Soil Lateral Pressure/Friction Term (k)
Soil Lateral Fraction 'm’
Settlement Ratio

ADDITIONAL LOADS
Live Load

450
457
30

0.30
6.00
1,922.0
Trench
1.15
01924

0.50
033

01
0.50
0.70

AASHTO HS5-5ERIES (H5-20)

Single Axle Load = 142 (kN), Double Axle - Load per Axle = 111 (kM), Space = 1.2 (m)

Mo Surcharge Load

FACTOR OF SAFETY

Factor of Safety on 0.3 MM Crack D-Load (Earth, Live)

Factor of Safety on Ultimate Earth and Live Load (ASTM C 76M)
DLO3 Less Than or Equal To 100 N/m/mm
DL.03 Greater Than or Equal To 140 M/m/mm

DL.O3 Between 100 and 140 N/m/mm

Live Load Distribution Factor = 1.15
Default LF. Used.

1.00 1.00
1.50

1.25
Interpolated
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D-LOAD REQUIREMENTS FOR 450 mm DIAMETER CIRCULAR PIPE

Results of Analysis for Bedding Type 1

Earth Load Live Load Surch load Total Load

Bed

Bed

Required D-

Load

>Trans unNfm)  (kN/m)  (kN/m)  (kN/m)  T°F Factll 0.3 mm
L (N/m/mm)

030 135 Y 5 61 0 66 430 219 63 (CLIM
060 135 Y 9 33 0 43 430 220 38(CLD
090 135 v 14 21 0 35 430 220  28(CLD)
1.20 1.35 Y 18 15 0 33 4.30 2.20 24 (CL-I)
150 135 v 22 11 0 33 430 220  22(CLD)
1.80 1.35 Y 26 8 0 35 4.30 2.20 22 (CL-T)
2.10 1.35 Y 31 7 0 37 4.30 2.20 22 (CL-T)
240 1.35 Y a5 G 0 40 4.30 2.20 23 (CL-T)
270 1.35 Y 39 3 0 44 4.30 2.20 25 (CL-I)
300 130 N a2 4 0 46 417 220 26(CLD)
330 125 N 44 4 0 48 408 220 27(CLD
3.0 1.20 M 46 3 0 49 4.01 2.20 28 (CL-I)
300 115 N a8 3 0 51 392 220 30(CLD)
4.20 1.11 M 50 3 0 52 3.86 2.20 31 (CL-T)
450 107 N 51 2 0 53 380 220  32(CLD)
4.80 1.03 M 52 2 0 55 375 2.20 33 (CL-I)
2.10 0.95 M 54 2 0 26 3.70 2.20 34 (CL-I)
540 096 N 55 2 0 57 365 220  35(CLD)
270 0.92 M 56 2 0 a7 3.01 2.20 36 (CL-I)
600 089 N 57 2 0 58 357 220 36(CLD)

Selected Depth: 3 m (closest pipe depth: 3.3 m)

Reinforced Pipe Classes for 0.30 mm crack per ASTM C7&M (N/m/mmj:

ClLI==40;CLO <=50; CLII <= 65 CLIV <= 100; CLV <= 140
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‘ CAPE Help Contents

Standard
= Design
= Soil Related Costs
= Results

= Results Report

= Cost Graph
Manual

= Design
Soil Related Costs
Results
Results Report
Cost Graph
Other Bedding
Pipe Details
Pipe Configuration Table
Soil Tables
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ﬂ CAPE Standard

Design

Soil Related Costs
Results

Results Report
Cost Graph

53



ue Standard Design

The Standard Design form allows the designer to enter required parameters used in
standard installation cost calculations for Rigid and Flexible pipes. There are six standard
installations for Rigid Pipe and a single installation for flexible pipe.

Common Parameters for Rigid and Flexible Pipes:

Pipe Diameter (mm/in.): The designer is presented with a list of standard pipe sizes in a
pull down menu.

Pipe Use: The designer has option to select either Sanitary or Storm.

Default - Storm

Trench Slope: The choices for the trench slope are Vertical, 1:1, 1.5:1, 2:1, 3:1.
Default - Vertical

Shoulder Height (m/ft.): Height of trench shoulder if trench is not vertical.
Rigid Pipe Specific Parameters

Reinforced/Non-Reinforced: The designer can select pipe type according to the
following table

Diameter
{mm) (in.)

ASTMC 14M-94
MOMN-FEIRFORCED

CEA-A2E8T 1-M32
MON-FEIRNFORCED

ASTMC 7EM-24
FEINFORCED

CEA-A2G7.2-M32
FEINFORCED

SUGGESTED
DEFAILTS

100 4

¥

¥

MR

1350 5

L

L

MR

200 G

>

>

MR

223 9

=
=

=
=

MR

250 10

>

>

MR

300 12

el

3758 15

430 18

525 21

500 24

575 27

750 30

525 33

300 36

B E e = e e

B E e = e e

1050 | 42

1200 | 48

1350 | 54

1500 | 60

1650 | 66

1800 | 72

1950 |78

2100 | 54

2250 |80

2400 | 96

2550 | 102

2700 | 108

3000 | 120

ol e B B B B B B B B B B B B B B B B e B e

o Bl = B ) e B e = B e e B B e e e e e e e

A A(A| A A ||| A a|aAa|a A A A
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NR-Non-Reinforced, R-Reinforced

Designers will be cautioned if they have entered information contrary to currently used
standards.

Wall Type: The choices for the Wall Type are Wall A, Wall B, Wall C and Other. The
Wall Type is used to calculate the outside diameter.

Default - Wall A

Click 2)_IMPORT_FRoM 388 ] 4, ca1cylate the trench dimensions, outside pipe diameter and
pipe costs. In order to get the pipe costs, the designer must first specify the pipe class in
the Pipe Details form.

Rigid Trench Dimension: Based on the following two tables.

For Installation Type B and C: bottom width, bedding depth and cover thickness are based
on OPSD standards and default values are calculated as shown

TREMCH CALCULATION FOR DEFAULT wALUE (OPSD 80Z2.030)
DIMEMSION
Bottom Width = pipe outside diameter + 2 x (300mm or 12in. clearance) for pipe

diameters less than or equal to 900mm or 36in.

= pipe outside diameter + 2 x (500mm or 20in. clearance) for pipe
diameters greater than 900mm or 36in.

Bedding Depth = 0.15 % pipe diameter, not less than 150mm or B in.

= 0.25 x pipe diameter, not greater than 300mm or 12 in.

Cover Thickness 150mm ar Bin. for Class C bedding

300mm ar 12in. for Class B bedding

Far Installation Type 1,2,3 and 4: bottom width, bedding depth and cover thickness are
based on design data 40 and default values are calculated as shown

TREMCH CALCULATION FOR DEFALLT WALUE (Design Data 40)
DIMEMNSICON
Bottom Width = pipe outside diameter + 2 % (pipe outside diameter /' B clearance)
Bedding Depth = 7Smm or 3in. for Type 1,2 and 3
= 0 forType 4

Cover Thickness pipe outside diameter / B

Designers have the option at this point to accept the defaults or enter their own values.
Outside Pipe Diameter (mm/in.): Based on Pipe Configuration Table
Pipe cost ($): Based on Pipe Configuration Table

Flexible Pipe Specific Parameters
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Installation Type: Flexible Installation Type choices are: Granular to Springline,
Granular to top of cover, Granular to 6" above pipe, Granular to 12" above pipe, Bedding

Only and Other.

Default - Granular to top of cover. OPSD 802.010 identifies 300mm as the cover

requirement.

F
- %) IMPORT FROM 3EB
Click k= j

cost.

Flexible Trench Dimension

to calculate the trench dimensions, outside diameter and pipe

Flexible trench dimensions are based on the following table:

TRENCH DIMENSION

CALCULATION FOR DEFAULT WALUE (OPSD 802.010]

Bottom WWidth (W)

= Fipe outside diameter + 2 x (300mm or 12in. Clearance)
for pipe diameters less than or equal to S00mm or 36in.

= Pipe outside diameter + 2 x (S00mm or 20in. Clearance)
for pipe diameters greater than 900mm or 36in.

Eedding Depth

150mm or 6in.

Cover Thickness (c)

A00mm ar 12in.

Designers have the option at this point to accept the defaults or enter their own values.

Outside Pipe Diameter (mm/in.): Based on Pipe Configuration Table
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g Standard Design - Soil Related Costs

Soil Related Cost form allows the designer to set the following soil cost related
parameters.

Alternative Ref: [Alternativet Standard:|C SA (OPS) Units: | S1 Units
o e

@ Standard 0 Manual

Pipe Diameter (mm) | 100 [¥] O Reinforced @ Non-Reinforced Pipe Use: Sorm ___[]

Trench Siope: Venieal _[v] - WallType:  (WaiA___[v] Shoulder Height (m) 0

Beding Ony |~ C—

Soil Units: The designer can choose one of the following soil cost units: $/tonne, $/cu.m,
$/ton, $/cu.yd

Default - $/tonne ($/ton)

Wastage Factor (%): Applies only to imported material.

Swelling Factor (%): Applies only to native material cost in $/cu.m of $/cu.yd
Haulage cost (Soil Units): The cost to remove the native material.

Tipping Fee (Soil Units): The cost to dispose of the native material.

Class B, C & Type 1 Cost (Soil Units): The imported material cost used in Class B,
Class C, Type 1 and Flexible Pipe Installations.

Type 2 Cost (Soil Units): The imported material cost used in Type 2 Installation.

Type 3 Cost (Soil Units): The imported material cost used in Type 3 Installation.
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Type 4 Cost (Soil Units): The imported material cost used in Type 4 Installation.
Soil Type: The designer is presented with a list of soil types and their maximum and
minimum soil densities (see soil tables for more information). Selecting a soil type
automatically assigns the maximum soil density to Insitu Soil Density.

Default Native Soil Type: Sand Silt

Default Granular Soil Type: Silty Sand

Insitu Soil Density: Soil densities are only used when soil cost in $/cu.m or $/cu.yd

Default Native Soil Density: 1890 kg/cu.m or 118 Ib/cu.ft

Default Granular Soil Density: 1922 kg/cu.m or 120 Ib/cu.ft
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‘ Standard Design - Results

The Standard Design Results form includes Rigid Pipe and Flexible Pipe Installation Cost
Summaries.

Available Buttons
D) ANALYZE Updates the summary with current changes

(o) REsuLTS Shows a print preview of Standard Design Results Report

*] 30IL TABLE

Shows a print preview of Soil Table

(*) COST GRAPH

Shows a print preview of Standard Design Cost Graph Report
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‘ Standard Design - Cost Graph

The Standard Design Cost Graph report includes: Project Description, Project Design
Parameters, and installation cost bar graph for rigid and flexible pipes.

Here is a sample Report

Cost Analysis of Pipe Envelope - Results

{5tandard Design)
Project Description
Project Title: Projectl Consultant:
Project Location: Contractor:
Contract Number: Analyzed By:
Country: Canada Date: 3/27/2013
Units: 5I Units Comply To: CSA (OPS)
Alternative: Alternative 1
Project Design Parameter
| Native Soil-Related Costs ($/tonne) | | Granular Costs ($/tonne) |
Haulage Cost: $5.00 Installation Type 1: $5.00
Tipping Fee: $5.00 Installation Type 2: $5.00
| Pipe Dimensions | Installation Type 3: $5.00
MNominal Pipe Diamter (mm): 450 Installation Type 4: $5.00
Inner Pipe Diameter (mm): 457 Installation Type B: £5.00
Rigid Pipe Outside Diamter (mm): 559 Installation Type C: $5.00
Flexible Pipe Outside Diameter (mm): 477 Installation Type Flexible: £5.00

Wastage Factor: 3.00%

Installation Cost Graph for Rigid and Flexible Pipes

Il Hzulage Cost
I Tipping Cost
[ Granular Cost
I Fipe Cost

Instalaticn Cost

T I I I
Flexible ClassB ClassC Typel Type2 Typel Typed
Installation Type
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‘ Standard Design - Results Report

The Standard Design Results report includes: Project Description, Project Design

Parameters, Pipe Cost Summary and detailed Installation trench diagrams along with cost
components.

Here is a sample Report

Cost Analysis of Pipe Envelope - Results

Project Description

Project Title
Project Location:
Contract Number:

Country.
Units

Alternative

: Projectl

: Canada
: SI Units

- Alternative 1

Project Design Parameter

(5tandard Design)

Consultant:
Contractor:

Analyzed By:
Date: 3/27/2013
Comply To: CSA (OPS)

| Native Soil-Related Costs ($/tonne)

Granular Costs ($/tonne)

Haulage Cost: $5.00

Tipping Fee: $5.00

| Pipe Dimensions |
MNominal Pipe Diamter (mm): 450

Inner Pipe Diameter (mm): 437

Rigid Pipe Outside Diamter (mm): 559
Flexible Pipe Qutside Diameter (mm): 477

Wastage Factor: 3.00%

Pipe Cost Summary

Installation Type 1: $5.00
Installation Type 2: $5.00
Installation Type 3: $5.00
Installation Type 4: $5.00
Installation Type B: $5.00
Installation Type C: $5.00
Installation Type Flexible: £5.00

Installation . Granular| Haulage

Type Felght | Volume | coct (§) | Cost (8)
Rigid Class B 429.5 1159.0 | 1,009.0 0.375 £3.03 $6.04 $5.86 | $46.50 | $61.44
Rigid Class C 1589 1159.0 784.0 0161 $1.50 $£3.96 $3.84 | $40.00 | $49.29
Rigid Type l 354.5 1,159.0 820.3 0.288 £2.33 $5.19 $5.04 | $40.00 | §52.57
Rigid | Type2 3545 | 1,500 | 8202 | 0288 | $232 | $519 | $5.04 |$40.00 | $52.57
Rigid Type 3 354.5 1,159.0 820.3 0.288 $£2.68 $5.19 $5.04 | $46.50 | $59.41
Rigid Type 4 0.0 1,159.0 7453 0.000 $0.00 $2.39 $2.32 | $46.50 | §51.21
Flexible Beg:ll;g 150.0 1077.0 927.0 0.162 $1.31 $3.31 $3.22 |%124.62|%132.45
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ﬂ CAPE Manual

Design

Soil Related Costs
Results

Results Report
Cost Graph
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ﬂ Manual Design

The Manual Design form allows the designer to enter trench and pipe dimensions for
Rigid and Flexible pipes.

! Standard ‘@ Manual

Common Parameters for Rigid and Flexible Pipes:

Pipe Diameter (mm/in.): The designer is presented with a list of standard pipe sizes in a
pull down menu.

Pipe Use: The designer has the option to select either Sanitary or Storm.
Default - Storm
Rigid Pipe Specific Parameters

Reinforced/Non-Reinforced: The designer can select pipe type according to the
following table:
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Lmemj

Diameter

[in.

ASTMC14M1-94
MNOMFEIRNFORCED

CSA-A267 1-M32
MOMN-FEIRNFORCED

ASTMC TEM-94
FEINFORCED

CSA- 8267 2-M32
FEINFORCED

SUGGESTED
DEFALLTS

100

P

®

X

ME

130

G

b

.

ME:

200

]

®

X

MR

223

]

M &,

m

MR

230

10

>

MR

300

12

A

375

13

430

18

525

21

g00

24

G735

27

7ai

30

g25

33

200

36

S I B B B B e B e

bl B B el el el Bl Bl B

1050

42

1200

45

1350

54

1300

g0

1630

66

1300

72

148350

7

2100

g4

2250

a0

2400

96

2550

102

2700

108

3000

120

- Bl o i = i el B e = il = el = o el =l =l o el = e

Do | e | e | e | e e [ e | e | e | e [ e | e | e e | e | e e e |

AA(AD(A|AD|AD|AD|A|AD|AD|AD|A|A|A|AAD(A|ADADDAD

NR-Non-Reinforce, R-Reinforced

Designers will be cautioned if they have entered information contrary to currently used

standards.

Wall Type: The choices for the Wall Type are Wall A, Wall B, Wall C and Other. The

Wall Type is used to calculate the outside diameter.

Default - Wall A

Pipe Class: The Pipe class is based on the following table:
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MON-REINFORCED REINFORCED
CEA ASTH
Clags 1 40-D CL-
Clags 2 50-D CLA
Clagsg 3 BE5-D LA
100-D CL-IY
140-D CL-Y

For higher DLoads, actual DLoad value will be used as the pipe class.

Rigid Trench Dimension

Trench Slope: Refers to the sides of the trench. The ratio is Vertical:Horizontal.
Default - 0:0 (Vertical)

Cover (m/ft.): Height of native backfill above the pipe.

Default - 0

Depth of Granular (mm/in.): Height of granular from the bottom of the pipe.
Default - 0

Bedding Depth (mm/in.): Height of bedding below the pipe.

Default - 0

Trench Width (m/ft.): Trench Width must be greater than outside diameter.
Default - Pipe Outside Diameter + 2 x (Pipe Outside Diameter / 6)

Shoulder Height (m/ft.): Height of trench shoulder if trench is not vertical.
Default - 0

Outside Pipe Diameter (mm/in.): Based on Pipe Configuration Table

Pipe cost ($): Based on Pipe Configuration Table

Flexible Pipe Specific Parameters

Flexible Trench Dimension

Trench Slope: Refers to the sides of the trench. The ratio is Vertical:Horizontal.

Default - 0:0 (Vertical)
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Cover (m/ft.): Height of native backfill above the pipe.

Default - 0

Depth of Granular (mm/in.): Height of granular from the bottom of the pipe.

Default - 0

Bedding Depth (mm/in.): Height of bedding below the pipe.

Default - 0

Trench Width (m/ft.): Trench Width must be greater than outside diameter.
Default - Pipe Inside Diameter + 2 x (300mm or 12in.)

Shoulder Height (m/ft.): Height of trench shoulder if trench is not vertical.
Default - 0

Outside Pipe Diameter (mm/in.): Based on Pipe Configuration Table

Pipe cost ($): Based on Pipe Configuration Table
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‘ Manual Design - Soil Related Costs

The Soil Related Cost form allows the designer to set the following soil cost related
parameters.

Soil Units: The designer can choose one of the following: $/tonne, $/cu.m, $/ton, or
$/cu.yd

Default - $/tonne

Wastage Factor (%): Applies only to imported material.

Swelling Factor (%): Applies only to native material cost in $/cu.m or $/cu.yd
Haulage cost (Soil Units): The cost to remove the native material.

Tipping Fee (Soil Units): The cost to dispose of the native material.

Flexible & Rigid Cost (Soil Units): The imported material cost used in Rigid Pipe and
Flexible Pipe Installations.

Soil Type: The designer is presented with a list of soil types and their maximum and
minimum soil densities (see soil tables for more information). Selecting a soil type
automatically assigns the maximum soil density to Insitu Soil Density.

Default Native Soil Type: Sand Silt

Default Granular Soil Type: Silty Sand

Insitu Soil Density: Soil densities are only used when soil cost in $/cu.m or $/cu.yd

Default Native Soil Density: 1890 kg/cu.m or 118 Ib/cu.ft

Default Granular Soil Density: 1922 kg/cu.m or 120 Ib/cu.ft
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ﬂ Manual Design - Results

Manual Design Results form includes Rigid Pipe and Flexible Pipe Installation Cost
Summary.

Available Buttons

2) ANALYZE Updates the summary with current changes
— Shows a print preview of Manual Design Results Report
*] 30IL TABLE

Shows a print preview of Soil Table

(*) COST GRAPH

Shows a print preview of Manual Design Cost Graph Report
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ﬂ Manual Design - Cost Graph

The Manual Design Cost Graph report includes Project Description, Project Design
Parameters, and installation cost bar graph for rigid and flexible pipes.

Here is a sample Report

Cost Analysis of Pipe Envelope - Results
{Manual Design)

Project Description

Project Title: Projectl Consultant:
Project Location: Contractor:
Contract Number: Analyzed By:
Country: Canada Date: 3/27/2013
Units: SI Units Comply To: CSA (OPS)

Alternative: Alternativel

Project Design Parameter

Soil-Related Costs ($/tonne) |

Haulage Cost: £5.00 Mominal Pipe Diamter (mm): 430
Tipping Fee: $5.00 Inner Pipe Diameter (mm): 457
Rigid Flexible Rigid Pipe Outside Diamter (mm): 559

Granular Cost: £5.00 £5.00 Flexible Pipe Outside Diameter (mm): 477

Installation Cost Graph for Rigid and Flexible Pipes

Il Haulzge Cost
I Tipping Cost
[ Granular Cost
I Fipe Cost

In=tallation Cost

I T
Flexible Rigid

Installation Type
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ﬂ Manual Design - Results Report

The Manual Design Results report includes Project Description, Project Design

Parameters, Pipe Cost Summary and detailed Installation trench diagrams along with cost

components.

Here is a sample Report

Cost Analysis of Pipe Envelope - Results

Project Description

Project Title: Projectl
Project Location:
Contract Number:

Country: Canada

Units: SI Units

Alternative: Alternativel

Project Design Parameter

Soil-Related Costs ($/tonne) |

Haulage Cost: $5.00
Tipping Fee: $5.00
Rigid  Flexible

Granular Cost: $3.00 §3.00

Granular | Envelope | Envelope | Granular

Height Width
(mm) (mm)

Rigid 300.0 1,159.0 1,709.0

Volume
(m*)

0.295

{Manual Design)

Consultant:
Contractor:

Analyzed By:
Date: 3/27/2013
Comply To: CSA (OPS)

Mominal Pipe Diamter (mm): 450

Inner Pipe Diameter (mm): 457
Rigid Pipe Outside Diamter (mm): 559
Flexible Pipe Outside Diameter (mm): 477

Pipe Cost Summary

Granular | Haulage | Tipping
Cost ($) | Cost (%)

§2.46

$5.10

£5.10

540.00

Installed
Pipe Cost
($/m)

$52.66

Flexible| 1,077.0 1,077.0 927.0

0.981

§8.18

£10.96

$10.96

$124.62

$154.72
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‘ Other Bedding

3EB provides the ability for the designer to enter alternate bedding information within the
"Other" field under bedding types. If the "Other" option is chosen, the "Standard"
analysis within CAPE cannot be utilized to undertake the cost evaluation. However, the
"Manual™ analysis within CAPE can be utilized to undertake the evaluation by inputting
the appropriate trench configuration and bedding information.
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ﬂ Soil Tables

The soil table presents the following information.

Table 1: EQUINALENT USCS AND AASHTO SOIL CLASSSIFICATIONS
FOR CAPE SOIL DESIGNATIONS
CAFPE S0IL FEFRESEMTATMNE SOIL TYFE FERCEMT COMPACTION
LICSC AASHTO STAMDARD | MODIFIED
FROCTOR | PROCTOR

Giravvelhy =, SF Al, A7 100 95
and Gy, GF 55 50
50 g5
g5 gl
a0 75
] 59
Sanchy Gk, Shd, WL AL, Ad 100 55
Sl Alzo G, SC 45 50
kAL with less than 50 g5
ED%Dpassmg a5 a0
#200 sieve all 75
Silty GEL, k- A, AR 100 50
Cla GC. SC 1 g5
(cL 50 il
g5 /5
al il
45 40
-H A7 100 50
Gh g5
50 al
45 40

USCS Soil Type Legend:

First Character |Second Character
C- Clay H - High Plasticity fines
G - Gravel L - Low Plasticity fines
M - Silt M - Non-plastic fines
5 - Sand P - Poorly Graded

W - Well Graded

Information presented in the above table is not used directly in the CAPE Analysis but is
provided as a quick reference so that designers can determine the suitability of the
existing native material as embedment material.
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Typical Standard Proctor Dry Densities and Optimum Moisture Contents

MAXKIMUM STANDARD COPTIMUM
TYPE MATERIAL FROCTOR DRY DEMSITIES MOISTURE
(pcf) (kgim®) COMTEMT( %)
Asphalt HLE, HL& 143 - 154 2370 - 2467 -
HL3 149 - 152 2367 - 2439 -
Base Course | Granular"A" 133 - 144 2130 - 2323 5-8
20mm (34 in)
Crusher Run 135 - 138 2162 - 2211 5-8
Sub-Base Granular "B" 117 - 138 1874 - 2211 B-10
H0mm (2 in)
Crusher Run 132 - 138 2114 - 2211 -7
SCreenings 132 - 136 2114 - 21749 H-19
subgrade Gravelly Sand 126 - 133 2018 - 2130 ;-4
Soils Granular "C" 115 - 123 1842 - 1970 9-12
Fine Sand 110 - 116 1762 - 1858 9-12
Silty Sand 113 - 120 1810 - 1922 9-12
Sandy Silt 110 - 118 1762 - 1890 9-12
Silty Sand Silt 124 - 130 1986 - 2082 7-10
Sandy Silt Till 120 - 128 1922 - 2050 g-12
Clayey Silt Till 115 - 125 1842 - 2002 8-13
Silty Clay Till 118 - 125 1890 - 2002 10 - 14
Silty Clay 116 - 124 18558 - 1936 12 -18
Clayey Silt 115 - 122 1842 - 1954 10 - 14
oilty Clay!
Weathered Shale | 116 - 124 1855 - 1986 10 - 15

Information presented in this table is used when selecting soil types and densities.
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Q) LCA Help Contents

o Design

e Economic
e Material
e Analysis
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@ Project Design

Project design life is normally set by the owner or authority responsible for the project,
and varies according to system classification, end use and location. In cases where a
roadway or facility cannot be disrupted to replace the pipe, a project design life of 100
years or greater is warranted. Typical of such cases are heavily traveled urban roadways,
interstate highways, storm water systems, and sanitary sewers. In addition, long project
design lives should be considered for special installations, such as under high fills, in
remote areas with poor access, or environmentally sensitive areas. The selection of an
appropriate project design life should reflect the transportation and commercial
importance of the roadway, its effect on traffic, the difficulty of replacement and the
construction hazards to the traveling public.

As a guideline, ranges for the project design lives of the various types of facilities are
provided. Minimum design lives are provided as recommended values in the program'’s
short help screens.

FACILITY PROJECT DESIGN LIFE
Storm Sewer System 100 years or greater
Sanitary Sewer System 100 years or greater

Arterial Culverts 50 to 75 years

Collector Culverts 50 to 75 years

Local/Rural Culverts 25 to 50 years

Alternative Ref.: |Alternative 1 Standard: | CSA (OPS) Units: | S1 Units

@ Storm Sewer

A Soeitey Swer FACILITY PROJECT DESIGN LIFE|
x Storm Sewer 100 years or greater
) Expressway Culverts Sanitary Sewer 100 years or greater
) Arterial Culverts Expressway Culverts|100 years or greater
(_) Collector Culverts Arterial Culverts |50 to 75 years
"I Local/Rural Culverts Collector Culverts [50 to 75 years
Local/Rural Culverts|25 to 50 years
Design Life; 100
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&% Economic

Definitions

Interest & Inflation Relationship
Interest & Inflation Differential
Recommendations

Life Cycle Analysis

Alternative Bef: [Alternative 1 Standard: [CSA (OPS) Units: | S1 Units

- ECONCMIC FACTORS FOA CRNADA Y
@ Nﬂnlm' Rate HISTOAICAL {INTERE3TI - INFLATIOHN} DIFFEAENTIALS
"' Real Rate Bariod Fedaral Frowlpcizl Cosposite
15E0 15858 .44 3.83 4.0%
1i374a 1573 -0.21 [ -] .94

1384
15540

1589 E.EZ T.32 T.5L
1558 E.12 L -] &.83
Arazaige rzatas fo- parxiod 15680 o 155E
13ed - 1558 4.20 4.23 5.10
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@ Definitions

Interest

Interest is usually expressed as a rate over a specific time. For example, $1,000 borrowed
for one year that requires repayment of $1,150 has an interest rate of 15% per year
($150/$1,000). Interest rates have two major components: real interest and inflation.

Interest Rate
Payment for the use of money. It is the excess cash received or repaid over the amount
lent or borrowed.

Real Interest
Represents the purchasing power of the money lent. The real interest rate can only be
calculated by subtracting inflation from the historical interest rate.

Inflation

When inflation is increasing, the value of goods increases, which means more money is
required to buy them. Inflation (deflation) is measured by determining how much the
value of a set group of commaodities has increased (or decreased) from year to year.

Time Value of Money
Represents the purchasing power of the money lent. The real interest rate can only be
calculated by subtracting inflation from the historical interest rate.

Discount Rate
A cash flow in the future is worth less than a similar cash 