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INTRODUCTION

This tutorial presents 16 example problems to assist users in learning the features and
operations of CANDE-2007. The introductory section discusses the overall approach that
should be taken to solving design and analysis problems in CANDE, each problem is then

presented in terms of input and output.

The tutorial is developed to demonstrate the process of creating and running files with the new
graphical user interface (GUI) and the CANDE-2007 User Manual and Guideline, a companion
manual for this tutorial. The User Manual presents all there is to know about setting up input
files in CANDE, thus, this tutorial will reference the appropriate section of the User Manual and

will not repeat.

Getting Started

Documentation for CANDE-2007 is contained in three stand-alone documents referred to as the
theoretical manual, user manual, and the tutorial. The user manual and tutorial follow the same

sequence through five Sections of input required to set up a CANDE run. These are:

A. Master control — The input under master control defines the overall approach to the
problem. Choices include analysis vs. design, LRFD design vs. service load design,
solution level and number of structures to be analyzed. The new CANDE program
allows analyses of multiple pipes of multiple materials in a single run.

B. Pipe Definition — In this section the user identifies each pipe material and all associated
material properties needed to complete the input file.

C. Solution Level — While the solution level is identified in Section A, the details of the
solution are provided in Section C. The benefits of the three solution levels are
discussed in the User Manual. They include:

Level 1 is a simplified analysis based on a closed form elastic solution for a conduit
embedded in an elastic medium. Level 1 is limited to deeply buried, circular pipes in a
homogenous soil without stiff beddings or soft haunch zones. Two limiting soil-
structure interface conditions are available, bonded or frictionless.

Level 2 is a finite element analysis method utilizing predefined meshes, soil zones, and
construction sequences for symmetrical culvert installations. Automated culvert shapes
include pipes, ellipses, boxes and arches installed in embankment or trench
installations. Level 2 is considered the “work horse” and is applicable to the large
majority of culvert problems. The so-called Level 2-extended option allows users to



modify the predetermined input for placement of live loads and inclusion of soft haunch
zones.

Level 3 is a finite element analysis method with no restrictions on the shape,
symmetry, or number of structures within the two-dimensional framework. Level 3
requires the user to define the finite-element mesh topology either by generating the
mesh data with direct input or importing the mesh data from another source.

Material Definition — Material definition allows the user to specify the soil model and
properties to be used in the analysis and all necessary parameters.

LRFD Design — The section “LRFD Design” is new to CANDE. In this section the user
provides composite factors for each load increment to allow analysis for factored loads.

In general, most questions are answered in the User Manual. Even relatively new users should

be able to proceed in order through the five sections of the User Manual and step by step build

an input file. The tutorial problems provide examples of using the GUI for establishing the input

file as opposed to the so-called batch mode input method of directly typing an input file from the

formatted input instructions in the detailed User Manual.

The general sequence for analyzing a problem is:

1.

Define problem — Defining a problem is perhaps the most important part of analysis.
Identifying known parameters and making rational judgments about unknown
parameters is the key to constructing accurate models. While the structure itself is
often well defined, it is very common to lack sufficient information on the in situ sails,
backfills, and density levels. These problems can result from inconsistent or unknown
native soils, construction specifications that permit an excessively wide range of backfill
materials, uncertainty about the enforcement of compaction specifications, or a number
of other sources.

Select analysis level — After defining the problem, a designer can select an appropriate
level for the analysis. The level of sophistication will often be dictated by the level of
knowledge of installation conditions and the expected quality control during installation.
In situations where little knowledge exists, then designers should probably use
simplified analyses with conservative inputs. Because of lack of information many
buried pipe and culvert installations are best addressed by simplified procedures such
as those in the AASHTO LRFD Bridge Design Specifications. A sophisticated analysis
of uncertain conditions is rarely productive; however, as the level of knowledge
increases or when designs encompass special conditions, tremendous knowledge can
be gained through the use of high level analyses, such as those offered in CANDE.
Decisions regarding the appropriate analysis level to be used within CANDE should
follow a similar approach. Use the simplest analysis that can address the issues at
hand. Generally use Level 2 when it is applicable to the problem at hand and use
default values for soil and culvert properties as they represent conservative conditions.
If unknown conditions exist, such as the soil-structure interface condition, it is



recommended to solve the problem two or more times using alternative assumptions to
see how changing the unknown variables affects the culvert performance.

3. Execute problem — Once the solution is obtained the designer needs to review the
output and assess whether or not the intended input was correctly interpreted by the
program, or if it addresses all the potential conditions being investigated. It is a very
common practice in buried pipe design to analyze several sets of conditions to test a
design for sensitivity to known variables, such as backfill type, compaction levels or
haunch support. It is important to note that various CANDE input parameters can have
a significant impact on the response of the structure. Care should be taken in
researching, selecting, and testing input parameters.

4, Document findings, assess performance, improve procedures for subsequent designs
— The greatest educator is often experience, and culvert designers, like all engineers
should take advantage of knowledge gained from one design by applying it to future
designs. This might include streamlining procedures for conducting an analysis to
inspecting a pipe after installation and evaluating how well the design model captured
the actual conditions.

The CANDE GUI allows input through interactive screens and through a text editor. The

interactive screens identify individual variables, with separate fields for entering each parameter.

As screens are updated, the interface writes the input file that CANDE will use for the analysis.

This will likely be the preferred method for most people to use the program. The text editor

allows line by line input in much the same manner as CANDE files have been constructed in

previous versions using the batch-mode input method. The benefit of the new text editor is that
the individual fields are identified as a user moves across an input line. The text edited file is

constructed in fixed field format.

Tutorial Problems

The sixteen example problems presented in the following sections demonstrate the majority of
features encompassed by CANDE-2007. The examples are described in Table 1-1 which lists
the solution level, material type, structure type, installation type, execution mode, method of
analysis/design, and details any special design or interface features exercised in the problem.
Table 1-2 which describes the details of each of the problems. For these test problems
assumptions are made for many test parameters. In actual design or analysis situations
accurate decision about input parameters is paramount to the success of a computer modeling

effort.



Table 1-1 — Tutorial Examples

; . : : Method of
Example | Solution Material Structure Installation Execution Analysis Design Features CANDE Interface Features
No. Level Type Type Type Mode !
/ Design
1 1 Steel Pipe N/A Design LRFD N/A N/A
2 1 R/C Pipe N/A Design LRFD N/A N/A
3 1 Plastic Pipe N/A Design LRFD Uses long-term load duration N/A
4 2 Alum. Pipe Trench Design Service N/A N/A
5 2 Plastic Pipe Embankment Analysis Service Uses Igrge deformation / buckling N/A
analysis
Shows how to modify the input file
. using the text input, the shortcut
Uses interface elements, Level 2 method for inputting interface angles
6 2 R/C Arch Trench Analysis LRFD extended to apply live load, and S P 9 gies,
) . . . viewing live load boundary conditions,
includes live load rating calculation .
and how to compute interface angles
for an arch
7 2 R/C Box Embankment Analysis LRFD N/A N/A
Uses slotted joints and Level 2
8 2 Steel Pipe Embankment Analysis LRFD extended to add smaller construction N/A
steps above the crown of the pipe
Uses interface elements, Level 2 Shows inputting interface angles usin
9 2 Steel Arch Trench Analysis Service extended to apply live load, and large putling 9 9
. . . the graphic interface.
deformation / buckling analysis
10 > RIC Pipe Embankment Design LRFD Inpludes soft backpacking soil around Shows how to modlf_y cha}rt propertle§
Pipe of graphs plotted using ‘view/graphs.
Profile analysis, includes interface Shows how to modify the input file
11 5 Plastic Pipe Trench Analysis Service elements, extended Level 2 to a_ldd soft | using th_e text input |ncl_ud|ng inputting a
haunches, long-term load duration, and | user defined soil material and how to
global and local buckling calculations compute interface angles for a pipe
12 3 R/C Box Embankment Analysis LRFD Identical to Problem 7, except Level 3 Shows a user generated Level 3 mesh
13 3 Steel Arch Trench Analysis Service Identical to Problem 9, except Level 3 Sh.OWS how to import a Level 3 mesh
using xml format
Two material structure with pin
14 3 Alum., RIC Arch Embankment Analysis Service _connectlon at pom_t Where_materlals Shpws how to import a Level 3 mesh
intersect, manual input of interface using xml format
elements to model pin connection
15 3 Plastic Multiple Trench Analysis LRFD Include; global ar_ld local buckling Input file only, no written tutorial
Arches calculations and live load
Three material structure with a plastic
16 3 Plastic, Pipe Trench Analysis Service !lner grou_ted to a steel host pipe, Input file only, no written tutorial
Steel includes interface elements between

grout and plastic liner




Table 1-2 — Tutorial Example Descriptions

Problem

Description

1

Level-1, Corrugated Steel Pipe, Design mode (LRFD).

Design a 60 in. inside diameter corrugated steel pipe with 30 ft of fill over the top of the
pipe using LRFD design. The design will be with Level 1, which is based on the Burns
and Richard elasticity solution. The desired result is the corrugation size and thickness.

Level-1, Reinforced Concrete Pipe, Design mode (LRFD).

Design a 60 in. inside diameter reinforced concrete pipe with 30 ft of fill over the top of]
the pipe using LRFD design. The design will be with Level 1, which is based on the
Burns and Richard elasticity solution. The desired result is the required inner and outer|
reinforcement.

Level-1, HDPE Plastic pipe, Design mode (LRFD).

Design a 36 in. outside diameter smooth wall HDPE plastic pipe with 40 ft of fill over the
top of the pipe using LRFD design. The design will be with Level 1, which is based on
the Burns and Richard elasticity solution. The desired result is the wall thickness.

Level-2, Corrugated Aluminum Pipe, Design mode (Working Stress).

Design a 60 in. inside diameter corrugated aluminum pipe with 30 ft of fill over the top of
the pipe using Working Stress (service) design. The design will be with Level 2, using an
automated finite element pipe mesh for a trench installation having no interface
elements. The desired result is the corrugation size and thickness.

Level-2, HDPE Plastic Pipe, Analysis mode (Working Stress).

Analyze a 36 in. outside diameter smooth wall HDPE plastic pipe with 40 ft of fill over the
top of the pipe using Working Stress (service) analysis. The analysis will be with Level 2,
using an automated finite element pipe mesh for an embankment installation having no
interface elements.

Level-2, Reinforced Concrete Arch, Analysis mode (LRFD).

Analyze a 237-inch span (90-inch rise) reinforced concrete arch supported on spread
footings with 2 ft of fill over the top of the arch, using LRFD analysis. The problem is
shown schematically in Figure 6-1. The analysis will be with Level 2, using an
automated finite element arch mesh for a trench installation having interface elements.
The automated finite element mesh will be modified using Level 2-extended to apply
point loads depicting a LRFD design truck at the ground surface above the crown of the
arch. Additionally, the live load rating procedure will be demonstrated using CANDE
output.

Level-2, Reinforced Concrete Box, Analysis mode (LRFD).

Analyze a 120 in. x 84 in. reinforced concrete box culvert with standard ASTM steel
placement with 2 ft of fill over the top of the culvert using LRFD analysis. The analysis
will be with Level 2, using an automated finite element box mesh for an embankment
installation.

Level-2, Corrugated Steel Pipe, Analysis mode (LRFD).
Analyze a 144 in. corrugated steel pipe with 8 slotted joints and 60 ft of fill over the top of]
the pipe using LRFD analysis. The problem is shown schematically in Figure 8-1. The
analysis will be with Level 2, using an automated finite element pipe mesh for an
embankment installation having no interface elements. The automated finite element
mesh will be modified using Level 2-extended to reduce the thickness of the
construction steps above the crown of the pipe.




Problem

Description

Level-2, Corrugated Steel Long Span, Analysis mode (Working stress).

Analyze a 217-inch span (82-inch rise) 3-segment type corrugated steel long span arch
supported on spread footings with 3 ft of fill over the top of the arch, using Working
Stress (service) analysis. The problem is shown schematically in Figure 9-1. The
analysis will be with Level 2, using an automated finite element arch mesh for a trench
installation having interface elements. The automated finite element mesh will be
modified using Level 2-extended to apply point loads depicting a LRFD design truck at
the ground surface above the crown of the arch.

10

Level-2, Reinforced Concrete Pipe, Design mode (LRFD).
Design a 72 in. inside diameter concrete pipe set on gravel bedding with 60 ft of fill over|
the top of the pipe using LRFD design. The analysis will be with Level 2, using an
automated finite element pipe mesh for an embankment installation having a 6 in. layer
of soft backpacking soil around the circumference of the pipe and no interface elements.
The desired result is the required inner and outer reinforcement.

11

Level-2, Plastic Pipe (Profile), Analysis mode (Working Stress).

Analyze a 48 in. inside diameter corrugated plastic (profile) pipe with 40 ft of fill over the
top of the pipe using Working Stress (service) analysis. The problem is shown
schematically in Figure 11-1. The analysis will be with Level 2, using an automated finite
element pipe mesh for a trench installation having interface elements. The automated
finite element mesh will be modified using Level 2-extended to change the haunch zones
to a user defined soil material and the thickness of bedding layer to 6 in.

12

Level-3, Reinforced Concrete Box, Analysis mode (LRFD).

Analyze a 120 in. x 84 in. reinforced concrete box culvert with standard ASTM steel
placement with 2 ft of fill over the top of the culvert using LRFD analysis. The analysis
will be with Level 3, using a user generated finite element mesh for an embankment
installation. This problem analyzes the reinforced concrete box culvert from Tutorial
Problem 7, which was performed using a Level 2 analysis.

13

Level-3, Corrugated Steel Long Span, Analysis mode (Working stress).

Analyze a 217-inch span (82-inch rise) 3-segment type corrugated steel long span arch
setting on concrete footings with 3 ft of fill over the top of the arch using Working Stress
(service) analysis. The analysis will be with Level 3, using an imported finite element
arch mesh in xml format from Tutorial Problem 9 for a trench installation having interface
elements. This problem analyzes the corrugated steel long span arch from Problem 9,
which was performed using a Level 2 analysis.

14

Level-3, Reinforced Concrete and Corrugated Aluminum Arch, Analysis

mode (Working Stress).

Analyze a two material structure composed of a reinforced concrete U-shaped base
with 15-foot span and 5-foot rise supporting a pin connected, corrugated aluminum
arch-shaped roof with 13 ft of fill over the top of the arch. The problem is shown
schematically in Figure 14-1. The analysis will be with Level 3, using an imported
finite element mesh in xml format.

15

Level-3, Multiple Plastic Arches, Analysis mode (LRFD).

Analyze three corrugated plastic arches with 42 in. span and 27 in. rise placed side by
side with 8.5 in. spacing between the legs (storm water retention chambers) with 2 feet of
soil over the top of the arches. The analysis will be with Level 3, using a user generated
finite element mesh for a trench installation. The desired analysis result is to evaluate
LRFD local and global buckling. Input File Only

16

Level-3, Corrugated Steel Pipe Retrofitted with Plastic Pipe Liner, Analysis
mode (Working Stress).

Analyze a 48 in. corrugated steel pipe with an eroded invert and retrofitted with a profile
plastic pipe with 5 feet of fill over the top of the pipe. The analysis will be with Level 3,
using a user generated finite element mesh for a trench installation. Input File Only
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1. CANDE TEST PROBLEM 1
1.1 Problem Definition

Design a 60 in. inside diameter corrugated steel pipe with 30 ft of fill over the top of the pipe
using LRFD design. The problem is shown schematically in Figure 1-1. The design will be with

Level 1, which is based on the Burns and Richard elasticity solution. The desired result is the

el

corrugation size and thickness.

Depth of fill over
=~ pipe = 30 ft

In Situ

N

Figure 1-1 — Details of Problem 1 — Level 1, infinite elastic soil

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each

design.

Type of analysis - Design
Method of analysis/design - LRFD

Solution level - Elasticity (Level 1)

NCHRP 15-28 — Tutorial Problem 1 -1-1 -



Pipe material type - Steel

Joint slip - No joint slip

Material behavior - Linear stress/strain

Analysis mode - Small deformation

Average diameter of pipe - Set pipe diameter to centroid of pipe wall. Assume design

will be met with a 1 in. deep corrugation, therefore set to
nominal diameter + 1 in. = 61 in.

Soil density of backfill material - 120 Ib/ft®
Number of load steps - Apply load in 10 equal load steps of 3 ft of soil.
Interface - Fully bonded

Soil height - 10 equal load steps of 3 ft — Input for Solution Level 1 assumes height
above crown

Soil parameters - Elastic soil model, Solution Level 1 is suitable for homogenous soil
conditions only. Assume lightly compacted silt, Young's modulus =

1,000 psi, Poisson’s ratio = 0.25, and soil density = 120 Ib/ft,
LRFD load factor - 1.95

Load modifier - 1.05 (non-redundant for earth load)

NCHRP 15-28 — Tutorial Problem 1 -1-2 -



1.2 Creating the CANDE Input Document

Figures 1-2 through 1-3 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 2, CANDE wiill
display a screen indicating that an input path is initiated — click “Finish.” The user is prompted

for a filename and directory.

S
Control Information
—Tupeof analsis ————— — Level 2 Specific CAN D E
 Analsis i Canned mesh type Soil mesh pattermn
& Design € Pise mesh & Erbankmert
% Box mesh € Tiench 2 OO 7
— Method of analysis/design —————————
& LA ) Srchmesh | Homogenous |npu1_ Wizard
" Sewice i~ Interface elements (pipe only) =
% Pige-soil
Solution level —————————————— o ﬂ
k ) Trenchiinsity : -
5 Elasticty [Level 1) Welcotne to the CANDE input Wizard|
® FEtan — ! Wone ‘fou will enter some basic information
cutmes (Lencl about your model and CANDE will
" FEM-user mesh Level 3) prepare 3 starter input docurment that you
V| MODHake changes to the basic mesh ————— can customize for your _panicu\ar maodel.
u Use the auto-gerierate aption for After Je complete Ih? input for each
the interface elements |D 3; M of st i screen in the Input YWizard, prass the
- Mhext' button until you have reached the
[ =1 Humberof elements tochenge end. Once completed, press the ‘Finish’
Iu 3: Mumber of new loading/boundary conditions button to enter the CANDE input menus.
|1 3; Number of pipe element groups Contral Inforration
el Bt On the control information screen, enter
=R - key information regarding the type of
|0 Con. Steel - 30 ft Cover Eacipoliofotinl model, method of analysis, etc.
As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
model chosen.
Fl
<< Prey Mext > Finish | Cancel | Press 'F1' for help

Figure 1-2 — Input Wizard, Screen 1
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Pipe Material 1

Pipe matenial type

— Concrete specitic input

i Flastic specitic input
w'all section bype
& Smoath [design and analysis]
| General [analysis only)

1 Profile [analysis only)

 Aluminum Reinforcement shape
7 s % Standard
" Cancrete ) Ellntical
" Plagtic 1 Lbitrany
¥ Gheel € Bores
m f:;?;b:cltg; beam
elements
r— Steel specific input
Jaint slip
* Nao
 Ves
" *es, show trace
<< Prev Nest > Firish | Cancel |

CANDE

2007
Input Wizard

“ary jaint travel length

% Same lengths
) Differznt lengths

1 3: Nurmber of jaints

Press 'F1' for help

Pipe Material Infarmation

Enter information on this screen related to
the Pipe Material chosen. For Level 1 and
2 type models, only one pipe material is
entered.

Far Level 3 models, this screen will be
repeated M times, where W is the "Number
of plipe element groups” entered an the
"Contral Information” screen

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chosen

B

=181

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 1-4.

Figure 1-3 — Input Wizard, Screen 2

Enter an appropriate heading for output and click “Accept Input.”

NCHRP 15-28 — Tutorial Problem 1
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!:IZ:"»,Dncuments and Settings',bpstrohmanDesktop’Levell-DESIGN-LRFD-STEEL - [Input Commands: C:\Documents a = il
o Fle Edt Run  ¥iew ‘Window Help - 8 x

= = = e T = |
" ShowHelp I Show input ﬂ o haster Contral A-1

— Type of analpsis

[=+_| Master Canrol - & £ dnalysis [
\ E/0)] Master Control 1 T Wiaier,

: J aster Control 2
| Pipe Defiritior - B

— Method of analysis

t = | Pipe Defirition 1
J Steel Material and Control Paramel 1 LRRD
| Steel Design Weights (LRFD)  Service
il | Steel Resistance Factors (LRFD]
E+_| Solution Level Statements - C r— Solution level
; Contral Parameters (Level 1) £ Elasticity [Level 1)

=X
% Fill Heights and Sail Properties [Lewel 1

i | Beginning and Ending Load Step [Lev £ FEtf-auto mesh Level 2]

€ FEM-user mesh [Level 3]

|BD in. Com. Steel - 30 ft Cover Heading for output

|1 :I Mumber of culvert element groups
|3E‘ M aximum number of iterations/step
Jo Culvert 1D [Process 12:50)
IU Pracess ID [Process 12-50]
ID Subdomain 1D [Process 12-50)
Accept Input Cancel
| |
\Menu Selected: Master Cantral 1 \Done

Figure 1-4 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 1-4 shows “X” for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 1-5 through 1-8 show the completed input for the
screens requiring data for the tutorial. As input is modified, a ‘blue circle’ icon will appear in the
menu input tree. This is a visual indicator that some input on that menu has been modified.
After completing each screen, click “Accept Input” and the blue circle in the control panel will

disappear indicating all fields have data.
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rt Documents and Settings',bpstrohman’Desktop’, Temp'Levell -DESIGN-LRFD-STEEL - [Input Commands: C:\ Documents and Se

* | Master Control - & 29000000
E-D Master Control 1
D Master Contral 2
___| Fipe Difirition - 8

=] Pipe Definition 1 33000

Steel D esign Weights [LRFD]
H E Steel Resistance Factors (LRFD]
D Solution Level Statements - C
Contral Parameters (Level 1)
Fill Heights and Sail Properties [Lewel
Beginning and Ending Load Step [Lev

Figure 1-5 — Input Screen B-1
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ocuments and Setting:

" | Master Contral - &
E|--L___| M aster Contral 1
: EI Master Control 2
| Pipe Definition - B
£ Pipe Defirition 1
: Steel Material and Contral Parame

- Steel Design Weights (LRFD)
Steel Resiztance Factors [LRFD]
= L__I Solution Level Statements - C

¥ | FilH tz and Sail Properties [Lewvel
Beaqinning and Ending Load Step [Lev

Figure 1-6 — Input Screen C-1
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ocuments and Settings'rcsieber' Desktoph Levell-DESIGN-LRFD-STEEL - [Input Commands:

Documents and Set O] x|

o= File Edit Run Wiew Tools Windaom Help - 8 X
D &5 @0 B @~/ J
I~ ShawHelp I Show input ol o | Lewel 1 - -2

Fill Heights and Sail Parameters

=] L__I kM azter Contral - &

E|--L___| Master Control 1 -
H EI Master Contral 2 Sail Height [ft] HEE:E;] Modulus Paizzon's ratio
{_| Pipe Definition - B
& | Fipe Definition 1 [ o Lies)
Steel Material and Contral Paramel 2 |B 1000 0.25
Steel Design Weights (LRFD) 3 q 1000 025
Steel Resiztance Factors [LRFD]
=] L__I Solution Level Statements - C 4 12 1000 0.25
H Coritrol Parameters [Lewvel 11 5 |15 1000 0.25
Fill Heights and S ail Properties [Lewvel 1
18 1000 025
Beaqinning and Ending Load Step [Lev 5
7oA 1000 025
g |24 1000 0.25
9 |27 1000 0.25
1 30 1000

a | I C | T ab-Mowve ta nest cell F2[ar keystroke]-Edit Cell
. (oml coept Input ance Shift-Tab-tove back a cell Ctrl-ak-Tab-Exit data arid

|Menu Selected: Fill Heights and Soil Properties (Lewel 1) |Resetting menus

Figure 1-7 — Input Screen C-2
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Under LRFD load factor in Figure 1-8 enter the combined value of the load factor and load
modifier, i.e. —1.95* 1.05 = 2.05

!:E:"-.‘Du(uments and Settings' bpstrohman’,Desktop'Runs' Tutorial 1L evel1-DESIGN-LRFD-STEEL - [Input Commands: C:iDocuments and Settings\bpstra

o Fle Edt Run  Wew Tools Window  Help -8 x

I ShowHelp [ Show input ol o | Lewel 1-C-3

Load Factars for LRFD

E--_] Master Contral - &
B __] ‘Master Control 1

_ = _] Master Control 2 g::g\ng | E?Edpm e IFE;EILDad Commenk
E\"_] Pipe Definition - B
&) —.-] Fine Definition 1 1 1 205 Load increment #1
-] ] Steel Material and Contral Parame! 2 2 205 Factor for lnad step #2
|| Steel Des!gn Weights (LRFD) 3 3 205 Factor for load step #3
_ Steel Resistance Factors [LRFD)
E\--__] Salution Level Statements - C 4 4 205 Factar for load step HH4
i1 | Contiol Parameters [Level 1) 5 5 205 Factor for load step H5
i | Fil Heights and Soil Properties [Level 1
iy Beginning and Ending Load Step [Lev 2 g ED actoifoilsadStenliD
7 7 2.05 Factor for load step #7
8 8 2.05 Factor for load step #8
] 9 205 Factor for load step #9
205 Factor for load step #10

| Tab-Move ta next cell F2[or keystroke]-Edit Cell
P I I ﬂ Accept Input Caneel Shift-Tab-Move back a cell ChlalTab-Exit data grid

|Menu Selected: Beginning and Ending Load Step (Lewvel 1) |Done |

Figure 1-8 — Input Screen C-3

When all input is complete and saved, click “Run” and “CANDE-2007" on the main toolbar to
execute the program. This will open the “Running CANDE” window which will allow the user to
monitor the run as it progresses. When the program is complete, a check box “CANDE Analysis
Complete” window will appear. Click “OK” and check if the “Running CANDE” window states
“Normal Exit From CANDE.” If an error has occurred, the program will identify the input line of
the error. Reopen the input file and review for mistakes — using the find option may assist in
locating the problem as the line numbers correspond to the CANDE error message. Click the
“Close” button in the “Running CANDE" window to return to the user interface.

NCHRP 15-28 — Tutorial Problem 1 -1-9 -



1.3 Reviewing and Interpreting the Output

Now proceed to check the output file. The user can select “View/Output Report (CANDE)” or
select the “View CANDE output” button to look at the output file. Again the file should be
inspected for signs of errors or incorrect input. Using the control window on the left the user can
select to review the system input data, the design solution (Figure 1-9), or the design
assessment (Figure 1-10) by clicking on the appropriate node of the ‘Table of Contents’ browser
shown on the left side of the output viewer. The design assessment is printed after every load
step so that the designer can assess the progress of the design. Figure 1-10 shows the final

assessment printed at the end of the file.

!:IZ:"»,Dncuments and Settings',bpstrohman’Desktop’, Temp*Levell-DESIGN-LRFD-STEEL - [Output Results: C:Documel = ili
o Fle Edt Run  Yiew Took  Window  Help - 8 x
DzE &h 00 W& %R
& Row, Col=(153,3) DESIGN SOLOTION |
& DESIGN SOLUTION FOR STEEL GROUP § 1, DESIGN CYCLES = 3

Find Rext I
#%+ REQUIRED THRUST AREA (IN**2/IN)......... 0.06587
Output T able of Contents J
#%+ REQUIRED MOM. OR INERTIA (IN**#4/IN) .... 0.00298
15 master contral and pipe-type dat

wstem input data +*+% REQUIRED SECTION MODULUS (IN**3/IN) .... 0.00867
e

autput results

THE FOLLOWING STEEL CORRUGATED SECTIONS MEET THE
ABOVE REQUIREMENTS WITH MINIMUM AREX

CORRUGATION THICKNESS THRUST AREL MOM. INERTIA

1-1/ Jd (NO ADEQUATE SECTION)
-2/ 2

2X1

3K1 0.109 0.11300 0.00342
3X1 0.064 0.074z20 0.00866
5K1 0.064 0. 06620 0.00855
6 X2 0.110 0.12970 0.06041

THE CORRUGATION SIZE WITH MINIMUM AREL AND' MOMENT OF INERTIA IS
2-2/3 ¥ 1/2 WITH THICENESS 0.109 INCH.

AN MMALYSIS OF THIS CORRUGATION FOLLOWS.
o ik it R S o e akaie R e e
SOLUTION DUTPUT RESULTS
o ik it R S o e akaie R e e

41 | | =

‘Menu Selected: Beginning and Ending Load Step {Lewvel 1) ‘Resetting menus ‘

Figure 1-9 — Design Solution
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ocuments and Setting: Output Result: Documents and Si

o Fle Edt Run Yiew Took ‘Window Help

DzE &h 00 W& %R

& Row, Col=(190,3)
/| ASSESSMENT STRMMARY STEEL-GROUP 1, LOAD-STEP L0

Find

Find Rext I
—_—1 LRFD STRENGTH-LIMIT RATIOS AT STEP 10, FOR STEEL GROUP # 1
Output Table of Contents

DESIGN-CRITERION CONTROL FACTORED FACTORED RATIOD
55 master contral and pipe-type dat NODE DEMAND CAPACITY VALUE
1) review system input data
153 design salion MATERIAL THRUST (psi) & 19319. 33000. 0.583
+ h
=8 BUCKLING THRUST (psi) 6 19319, 36343, 0.532
SEAM THROST (psi) 3 19319, 33000. 0.585
PLASTIC-PENETRATE (%) o 0.00 90.00 0.000

LEFD SERVICE PERFORMANCE AT STEF 10, FOR STEEL GROUP # 1

PERCENT VERTICAL DEFLECTION (%)......cuvieinunnann 2.4l
RISE HEIGHT OF ¥ERTICAL DEFLECTION (TH)........... 61.00
RATIO OF VERTICAL DEFLECTION T ALLOWAELE (-)..... 0.43
HANDLING FACTOR RATIO = (3PAN**Z/EI)/FF........... 0.87
SPAN LENGTH FOR HANDLING AND BUCELING (IN)........ 6l.00
FLEXIBILITY FACTOR (FF) FOR HANDLING (IN/LE) ..... 0.043

% % % % NORMAL EXIT FROM CANDE * * # #

4 | |

\Menu Selected: Beginning and Ending Load Step (Level 1) \Resetting MEnUs \

Figure 1-10 — Desigh Assessment Summary — Load Step 10
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2. CANDE TEST PROBLEM 2
2.1 Problem Definition

Design a 60 in. inside diameter reinforced concrete pipe with 30 ft of fill over the top of the pipe
using LRFD design. The problem is shown schematically in Figure 2-1. The design will be with
Level 1, which is based on the Burns and Richard elasticity solution. The desired result is the

required inner and outer reinforcement.

I

Depth of fill over
—~ pipe = 30 ft

J In Situ

Dm = 66.75 in.

Figure 2-1 Details of Problem 2 — Level 1, infinite elastic soil

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each

design.

Type of analysis - Design
Method of analysis/design - LRFD

Solution level - Elasticity (Level 1)
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Pipe material type - Concrete

Reinforcement shape - Standard

Compressive strength of concrete (f'c) - 5,000 Ib/in.?

Shear strength equation - Pipes/arches (AASHTO 12.10.4.2.5)
Concrete strain at tension rupture - 0.0 in./in.

Note: Assuming zero tensile strength for the concrete assures the design will
be for a cracked section.

Compressive strain at the initial strength limit - 0.002 in./in.
Crack width model - Heger-McGrath (AASHTO 12.10.4.2.4d)

Analysis mode - Small deformation
Yield stress of reinforcing steel - 65,000 Ib/in.?

Young’s modulus of reinforcing steel - 29,000,000 Ib/in.2

Poisson’s ratio of reinforcement - 0.3

Inner surface spacing between rows of rebar - 2 in.

Outer surface spacing between rows of rebar - 2 in.

Number of inner cage layers of reinforcement - 1

Number of outer cage layers of reinforcement - 1

Type of reinforcement - Welded wire fabric

Nonlinear behavior selection - Option 3 plus steel yielding behavior

Concrete wall thickness - 6.75 in.

Concrete cover to c.l. of steel rebar cage - 1.25 in. (inside and outside reinforcement)

Ratio of steel areas of outer-to-inner cages - 0.75

Average diameter of pipe - Set pipe diameter to centroid of pipe wall. Assume design
will be met with a 6.75 in. thick wall, therefore set to

nominal diameter + 6.75 in. = 66.75 in.

Soil density of backfill material - 120 Ib/ft>

Number of load steps - Assume 1 load step of 30 ft
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Interface - Fully bonded
Soil height - 30 ft — Input for Solution Level 1 assumes height above crown
Soil parameters - Elastic soil model; solution Level 1 is suitable for homogenous soil

conditions only. Assume granular soil with good compaction,
Young's modulus = 1,000 psi, Poisson’s ratio = 0.30, and soil

density = 120 Ib/ft>,
LRFD load factor - 1.35

Load modifier - 1.05 (non-redundant for earth load)
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2.2 Creating the CANDE Input Document

Figures 2-2 through 2-3 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 2, CANDE wiill
display a screen indicating that an input path is initiated — click “Finish.” The user is prompted

for a filename and directory.

=10l x|
Control Information
rTypeofandysis i~ Level 2 Specific C ﬂ N D E
 Analysis — Canned mesh fppe Soil mesh pattern
& Design ! Bipe mesh & Ebankmerit
= Bonmesh € Trench 2 OO 7
— Method of analysis/desiogn ——————
& LRFD € Ach mesh ' Homogenous | _I_ W' d
_ neu 1ZAr
= Service — Interface elements [pipe only] =
&) Ppe-sil
Solution level ———————————————— ~ o j
@ Elasticiy (Level 1) Trancvinii Welcome to the CANDE input Wizard!
W N 1 Hone ou will enter some basic information
e (e about your model and CANDE will
 FEM-user mesh [Level 3) prepare a starter input document that you
¥ | MOD-Make changes ko the basic mesh —————— can custornize for your particular rmodel.
Use the auta-generate option far After oy camplete th? input for each
the interface elements |g 3; i e screen in the Inp_ut Wizard, press the
= Next' button until you have reached the
ID 3 Number of elements to change end. Once cornpleted, press the 'Finish'
IU 3: Murnber of new loading/boundany conditions button to enter the CANDE input menus.
IW 33 'ﬂ”mbl‘?a’ of f'Pe element groups Control Information
(Level 3 cnly] On the contral information screen, enter
- key information regarding the type of
IED. Fein. Conc. - 30 ft Cover Heading for output model, methad of analysis, etc.
As you change your input on this screen
input will be enabled or disabled
depending on the applicability faor the
model chosen.
=
< Frey Mext »> Fitiish | Cancel | Press 'F1' for help

Figure 2-2 — Input Wizard, Screen 1
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ain Input Control Paramters 1ol x|

Pipe Material 1

Fipe matenaltype —— 1 Conciete specific input —— | 1 Flastic specificinput ————————— CAN D E

€ Aluminum Reinforcement shape —————— “Wall sectiontype ——————

" Basic % Gtandard & Smooth (design and analysis]

* Concrete " Eliptical £ General [analysis only] 2 OO 7

' Plastic 0 frbitrary € Profile (analysis anly ]

- s o Input Wizard
m Lmﬁ@é beam Pipe Material Infarmation =

elements Enter infarmation on this screen related to

the Pipe Material chosen. For Level 1 and
2 type maodels, only one pipe material is

— Steel specific input

Joint slip Yy joint trayel lenath entered.
& o % Same lengths

For Level 3 models, this screen will be
! Yes ) Different lengths !

repeated M tirmes, where N is the "Number

_ of pipe element groups” entered on the
|1 3 Number of jaints "Contral Information” screen.

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chosen.

1 Yes, show tiace

<¢ Prev Mext > Firizh | Cancel | Prezs 'F1' for help

Figure 2-3 — Input Wizard, Screen 2

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 2-4.

Enter an appropriate heading for output and click “Accept Input.”
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!:IZ:"»,Dncuments and Settings'bpstrohman’Desktop’Levell-DESIGN-LRFD-CONCRETE - [Input Commands: C:\Documel = il

o Fle Edt Run  ¥iew ‘Window Help - 8 x
= = = e T = |
I ShowHelp T Show input ﬂg Master Cantrol A-1
— Type of analpsis
[=+_| Master Canrol - & £ dnalysis [
=) Q_I Master Control 1 % Design
; J aster Control 2
=] TIE Ll Tl ~ Methad of analysis
t = | Pipe Defirition 1
E Concrete Material and Strength P & LGFD
Conciete Material Properties 2 1 Service
h Concrete Reinfarcing Steel Proper
- | Concrete Design Weighls for LRFL | [~ Solution level
E Concrete Resistance Factors for L % Elastioity [Level 1)
=5 J Solution Level Statements - C ~
- X| Contral Parameters (Level 1) FEM-2uta mesh Level 2]
X | Fill Heights and Soil Properties [Level 1 £ FEM-user mesh [Level 3]
| Beginning and Ending Load Step [Lev

|BD in. Riein Cone - 30 ft Caver Heading for output

|1 :I Mumber of culvert element groups
|3D M aximum number of iterations/step
Jo Culvert 1D [Process 12:50)
IU Pracess ID [Process 12-50]
ID Subdomain 1D [Process 12-50)
Accept Input Cancel
| | |
\Menu Selected: Master Cantral 1 \Done

Figure 2-4 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 2-4 shows “X” for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 2-5 through 2-11 show the completed input for
the screens requiring data for the tutorial. As input is modified, a ‘blue circle’ icon will appear in
the menu input tree. This is a visual indicator that some input on that menu has been modified.
After completing each screen, click “Accept Input” and the blue circle in the control panel will
disappear indicating all fields have data.
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" | Master Contral - &
EI-L__I M aster Contral 1
I ] Master Control 2
=] Pipe Definition - B
E-{_] Pipe Defirition 1
-

|| Concrete Material Properties 2
|| Concrete Reinforcing Steel Proper
X | Concrete Desigh 'weights for LRFT
Concrete Resistance Factors for L
El EI Solution Level Statements - C

Contral Parameters [Level 1]
Fill Heights and Sail Properties [Lewvel

Eeginning and Ending Load Step [Lew

Figure 2-5 — Input Screen B-1
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r( Documents and Settings',bpstrohman’Desktop’, Temp'Levell -DESIGN-LRFD-CONCRETE - [Input Commands: ocuments and Settings',bpstrohman’,Desktop’ Tem.

* | Master Control - &
=] Master Conhiol 1
D Master Control 2
D Pipe Definition - B
= L___| Pipe Definition 1
Concrete Material and Stiength Pr

Concrete Reinfarcing Steel Proper
% | Concrete Design Weights for LRFD
E Concrete Resistance Factors for L
ED Solution Level Statements - C
Control Parameters (Level 1)
Fill Heights and Soil Properties [Level
Beginning and Ending Load Step [Lev

Figure 2-6 — Input Screen B-2
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" | Master Contral - &
E-D aster Contral 1
] Master Cormrol 2
D Fipe Definition - B
= D Pipe Definition 1
i Cancrete Material and Strength Pro
Concrete Material Properties 2

¥ | Concrete Design ‘weights for LRFD
| Concrete Resistance Factors for L

{_| Solution Level Statements - C
Control Parameters [Level 1]
Fill Heights and Soil Properties [Level 1
Beginning and Ending Load Step [Leve

Figure 2-7 — Input Screen B-3
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" | Master Control - &
E|--E| taster Control 1
] Master Control 2
El Pipe Definition - B
= El Fipe Definition 1
f Concrete Material and Strength Pro
|| Concrete Material Properties 2
Concrete Reinfarcing Steel Propert;

Concrete Resistance Factars for LF
= EI Solution Level Statements - C
Contral Parameters [Lewvel 1)
Fill Heights and Soil Properties [Level 1
Beginning and Ending Load Step (Leve

Figure 2-8 — Input Screen B-4
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\Levell-DESIGN-LRFD-CONCR

ool File Edit Run  Wiew Tools  MWindow  Help

=10l x|

- 8 X

™ Show Help ™ Show input

E|__] M aster Cortral - &
E---J_Master Contral 1
] taster Cantral 2
=-{_| Pipe Defirition - B
=-|_| Pipe Defirition 1
] ] Concrete Material and Strength Pro
Concrete Material Properties 2
Concrete Reinforcing Steel Properti
Concrete Design Weights for LEFD
Concrete Resistance Factors for LF
I'—_'I__] Solution Lewel Statements - C
& Control Parameters [Level 1)
¥ | Fill Heights and Soil Properties [Level 1]
Beginning and Ending Load Step [Leve

Ol Ol Level 1- C-1
hajor Input Farameters
Awerage diameter of pipe IBB. 75 i
Soil denzity of backfill material |12D b3

Mumber of load steps |1 =

Pipe-zoil interface
o

 Frictionless

Accept Input Cancel

|« | ol

|Menu Selected: Control Parameters (Level 1)

|Resetting MEenus

Figure 2-9 — Input Screen C-1
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Projects' 05051 050526 00-CNDEY, Tutori. utorial 2% Level1-DESIGN-LRFD-CONCRETE - [Input Commands: Iz j — |I:I|i|
o=l File Edit Run Wiew Tools Windaw Help - 8 x

I ShowHeln I Showinput ol ol Lewel 1 - C-2

Fill Heights and Soil Parameters

= L__I b azter Contral - &
E|--L___| M aster Contral 1 T i

i EI Master Contral 2 Sail Height [ft] [IIJD.-'E::E;] odulls Poizson's ratio
| Pipe Definition - B

=] Pipe Defirition 1

Concrete Material and Strength Pn
Cancrete Material Properties 2
Concrete Reinforcing Steel Proper
Coancrete D esign “wWeights far LRFL
Concrete Resistance Factors for L

1000 0.3

EI L__I Solution Level Statements - C
Contral Parameters [Level 1]

s | I C | Tab-Mowe ta next cell F2[ar kepstrake]-Edit Cell
. | ] coept nput ance Shift-Tab-tMove back a cell Ctl-Ak-Tab-Exit data arid

|Menu Selected: Fill Heights and Soil Properties {Lewvel 1) Done

Figure 2-10 — Input Screen C-2
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Under LRFD load factor in Figure 2-11 enter the combined value of the load factor and load
modifier, i.e. —1.35*1.05=1.42

!:I:"-._Proiecl:s"-.,l]5l]5HH"-.,I]SI]526.l]l]—l:NDE"-.,Tutorial"-.,l:nNDE Tutorial Input Files - Ready for Review', Tutorial 2% Levell-DES ] 4]
o= File Edit Run Yiew Tools Window Help - 5 X
SHeh HoHE xR J

I” ShowHelp I Showinput 0| (1] | Lewel 1- C-3

Load Factors for LRFD

EI L__I b azter Contral - &

=3 El taster Control 1 - -
T EI Master Contral 2 Starting Load | Ending Load LRFD Load

Step Step Factor
1 1 1.42 Load increment #1

Comment

EI EI Fipe Definition - B

=t L__I Fipe Definition 1

Concrete Material and Strength Pn
Cancrete Material Properties 2
Concrete R einforcing Steel Proper
Cancrete Oesign Wweights far LRFL
E Concrete Resistance Factors for L
EI L__I Solution Level Statements - C

Control Parameters [Level 1]
; Fill Heights and Soil Properties [Lewel 1
Beginning and Ending Load Step [Lev

& | I C | Tab-Move ta next cell F2[ar keystrake]-Edit Cell
7 | o CoEpt Input ancel Shift-Tab-Mowve back a cell Chi-al-Tab-Exit data grid

] . . . E . 9 @ \ J .Inbox Microsoft O.. I |} Tukorials Reviewed . | @CANDE Tutorial Pro.. IIF:EI\Pru]ects\DSDS |<< ’E

Figure 2-11 — Input Screen C-3

When all input is complete and saved, click “Run” and “CANDE-2007" on the main toolbar to
execute the program. This will open the “Running CANDE” window which will allow you to
monitor the run as it progresses. When the program is complete, a check box “CANDE Analysis
Complete” window will appear. Click “OK” and check if the “Running CANDE” window states
“Normal Exit From CANDE.” If an error has occurred, the program will identify the input line of
the error. Reopen the input file and review for mistakes — using the find option may assist in
locating the problem as the line numbers correspond to the CANDE error message. Click the

“Close” button in the “Running CANDE" window to return to the user interface.
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2.3 Reviewing and Interpreting the Output

Now proceed to check the output file. The user can select “View/Output Report (CANDE)” or
select the “View CANDE output” button to look at the output file. Again the file should be
inspected for signs of errors or incorrect input. Using the control window on the left the user can
select to review the system input data, the design solution (Figure 2-12), or the design
assessment (Figure 2-13) by clicking on the appropriate node of the ‘Table of Contents’ browser
shown on the left side of the output viewer. The design assessment is printed after every load
step so that the designer can assess the progress of the design. Figure 2-13 shows the final

assessment printed at the end of the file.

!:(:'W.,Du(uments and Settings'bpstrohman’Desktop’, Temp'Levell -DESIGN-LRFD-CONCRETE - [Output Results: C:Doc .= ﬂi
ol Fle Edt Run  Yiew Tooks  MWindow  Help -8 x
NEd &b 06 EEE
&) Row, Col= {165,3) PESTGH SOLUTTON 5|

Find

DESTGN S0LUTION FOR CONCRETE-GROUR # 1 AFTER 9 DESIGN ITERATIONS.

Find Mest... I

Output Table of Contents

**% WALL THICENESS ....vvvecennnnss 6.75000

#%% INNER CAGE STEEL AREA (OR ELLI) 0.03166

1) master contral and pipe-type dat

@ review spstem input data *%* QUTER CAGE 5TEEL ARER ......... 0.02375
{5 design solution

B-E5) solution output results

LEFD DESIGN RATIOS FOR WEIGHTED FACTORED DEMAND - TO - FACTORED CAPACITY:

#1 STEEL YIELDING .....vccccenannnnnns 0.98
#2 CONCRETE CRUSHING ................. 0.78
#3 CONCRETE SHEAR FAILURE .........ees 0.49
#4 RADIAL TENSION FATILURE ............ 0.53
#5 ALLOWABLE CRACE WIDTH ............. 0.13
GTEEL AFEA IS CONTROLLED EY LARGEST RATIO OF #1,42 & #5
IF RATIO #Z CONTROLS, CONSIDER INCREASTNG WALL THICENESS
STIRUPPS ARE REQUIRED IF RATIO #3 OR #4 IS ABOVE 1.0

4 COMPLETE ANALYSIS OF THE DE3IGHN S0LUTION FOLLOWS
o ik it R S o e akaie R e e
SOLUTION OUTPUT RESULTS
o ik it R S o e akaie R e e
LEVEL 1 OUTPUT FOR LOAD STEP 1
o ik it R S o e akaie R e e

4 | 2 =l

[Menu Selected: Beqinning and Ending Load Step (Level 1) |Resetting menus |

Figure 2-12 — Design Solution
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Documents and Settings',bpstrohman',Desktoph Temp'Levell-DESIGN-LRF INCRETE - [Output Results: a .- ili

ol Fle Edt Run  Yew Took Window Help -8 x
DR & @0 8 E xR J
&b Row, Col = (196,3) 10 35045, 12 3574, 64 0.5392 0.00000 A

l 11 44530.94 -3898.94 0.6359 0.00132
Find

Find Mext I
—_— ASSESSMENT STMMARY CONCRETE-GROUP 1, LOAD-STEF 1

Output Table of Contents

~{25) master control and pipe-type dat
30 review system input data

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 1

53 design solution
B DESIGN-CRITERION CONTROL FACTORED FACTORED RATIOD
HODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) [ 57527.4 58500.0 0.983
CONCRETE CRUSHING (psi) & 2910.1 3750.0 0.776
SHEAR FAILURE (lbs/in) 1 265.7 545.1 0.4387
RADIAL-TENSION FAIL (psi) 11 42,3 79.8 0.531

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD 3TEF 1

NODE NUMEER FOR MAXIMUM CRACK WIDTH .............. 1
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) ..... 0.00132
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWAELE .......... 0.13

SPAN LENGTH FOR AUKILIARY EQUATIONS (inches).. 66.75

* * F * NORMAL EXIT FROM CANDE * * + +

0| | N =

[Menu Selected: Beginning and Ending Load Step {Level 1) |Resetting menus |

Figure 2-13 — Desigh Assessment Summary — Load Step 1
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3. CANDE TEST PROBLEM 3
3.1 Problem Definition

Design a 36 in. outside diameter smooth wall HDPE plastic pipe with 40 ft of fill over the top of
the pipe using LRFD design. The problem is shown schematically in Figure 3-1. The design

will be with Level 1, which is based on the Burns and Richard elasticity solution. The desired

el

Height of soil cover
= = 40 ft

result is the wall thickness.

In Situ

s

Figure 3-1 Details of Problem 3 — Level 1, infinite elastic soil

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each

design.

Type of analysis - Design
Method of analysis/design - LRFD
Solution level - Elasticity (Level 1)

Pipe material type - Plastic
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Wall section type - Smooth

Load duration - Long term

Analysis mode - Small deformation

Young’s modulus for short term loading - 80,000 Ib/in.?
Ultimate stress limit for short term loading - 3,000 Ib/in.2
Young’s modulus for long term loading - 22,000 Ib/in.?

Ultimate stress limit for long term loading - 1,600 Ib/in.?
Poisson’s ratio - 0.4

Average diameter of pipe - Set pipe diameter to centroid of pipe wall. Assume pipe is
DR 26. Dy, =34.62in.

Soil density of backfill material - 120 Ib/ft>

Number of load steps - Assume 1 load increment of 40 ft

Interface - Fully bonded

Soil height - 40 ft — Input for Solution Level 1 assumes height above crown

Soil parameters - Elastic soil model, Solution Level 1 is suitable for homogenous soil
conditions only. Assume dense coarse-grained, Young’'s modulus =
4,000 psi and Poisson’s ratio = 0.25.

LRFD load factor - 1.95

Load modifier - 1.05 (non-redundant for earth load)
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3.2 Creating the CANDE Input Document

Figures 3-2 through 3-3 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 2, CANDE wiill
display a screen indicating that an input path is initiated — click “Finish.” The user is prompted

for a filename and directory.

Main Input Control Paramters Y ]
Control Information
—Typeofanalyss —————————————— = Level 2 Specific C AN D E
 Andysis i Canned mesh type Sl mesh pattem
' Desion ' Pige mesh ' Embankment
. {* Baymesh ' Tirench 2 OO 7
r Method of andpsis/design —————————
& R ' fchmesh ' Homogenous | _I_ W' d
_ NPUT WiZAr
 Semice i Interface elements (pipe only) =
{* Piaesal
— Solution level r - -
& Elesticty Level 1 Trstetrinity Welcome to the CANDE input Wizard!
& o el ' Hore You will enter some basic information
LR about your model and CANDE wil
" FEM-user mesh [Level 3] prepare a starter input document that you
¥ WODMake changes b the basic mesh ———— tan custormnize for your lparticular model.
Use the auto-generate option for After S complete th? input for each
the interface elements IU 3; Number of rodes b change screen in the Input Wizard, press the
. Mext' button until you have reached the
IU 3 Humber of elements to change end. Once completed, press the 'Finish’
; IU 3: Number of new loading/baundany conditions buttan ta enter the CANDE input menus. |
1 32 N|_umb|eé of |‘3'|33 slement groups Control Information
el Jauy, On the contral information screen, enter
- : key information regarding the type of
|New|nput file Heading for output madel, method of analysis, stc. J
<< Frey | Mest > | Firiist | Cancel | Press 'F1' far help

Figure 3-2 — Input Wizard, Screen 1
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Main Input Control Paramters

Pipe Material 1

r— Plastic specific input
‘wall section lpe
(" Smooth [design and analysis]
" General[analsi only)

" Prafile (analysis orly]

=10ix]

CANDE

2007
Input Wizard

Wary joint travel length
% Sane lengths
1 Different lengths

I 1 3: Mumber of joints

r— Fipe material type — Concrete specific input
 Aluminum Feinfarcement shape
) B & Standard
" Concrete £ Eliptical
& Plastic ! Artitrery
" Steel £ Boes
Murnber of
1 = connected beam
elements
i Steel specific input
Joitit slip
& Ho
1 Yes
1 Yes, showtrace
<4 Prev | et | Finiaty | Cancel |

Press 'F1' far help

Plipe Material Infarmation

Enter information on this screen related to
the Pipe Material chosen. For Level 1 and
2 type models, only one pipe material is
enterad.

For Level 3 models, this screen will be
repeated M times, where N is the "Mumber
of pipe element groups’ entered on the
*Control Information” screen.

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chogen,

Y

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 3-4.
Enter an appropriate heading for output and click “Accept Input.”

Figure 3-3 — Input Wizard, Screen 2
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DzE &h 00 W& %R
" ShowHelp I Show input o o haster Contral A-1
— Type of analpsis
[=+_| Master Canrol - & £ dnalysis [
=) Q_I Master Control 1 % Design
: J aster Control 2
e TIE Diefiitior - B — Methad of sralysis
t = | Pipe Defirition 1
++1_| Plastic Load Contrals & LHFD
Plastic Material Properties 7 Senvice
i | Plagtic Design \wieights far the LRF
; “i_| Plastic Resistance Factors for the | | [~ Salution level
=] J Solution Level Statements - C = Elasticity (Level 1]
i X | Control Parameters (Level 1) ~
- X Fill Heights and Soil Properties [Level 1 FEM-2uta mesh Level 2]
H Beginning and Ending Load Step [Lev £ FEM-user mesh [Level 3]
J38 HDPE - 40 ft Caver Heading for output
|1 :I Mumber of culvert element groups
|3D M aximum number of iterations/step
Jo Culvert 1D [Process 12:50)
IU Pracess ID [Process 12-50]
ID Subdomain 1D [Process 12-50)
Accept Input Cancel
| I 2l
\Menu Selected: Master Cantral 1 \Done

Figure 3-4 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 3-4 shows “X” for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 3-5 through 3-9 show the completed input for the
screens requiring data for the tutorial. As input is modified, a ‘blue circle’ icon will appear in the
menu input tree. This is a visual indicator that some input on that menu has been modified.
After completing each screen, click “Accept Input” and the blue circle in the control panel will
disappear indicating all fields have data.
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¥ | Fill Heights and Sail Properties [Level 1
Beginning and Ending Load Step [Lev

— Load duration
= Short term

% Long temm
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' Small deformation
= Large deformation

= Large def/buckling

Accept Input Cancel

| | i

|Menu Selected: Plastic Load Controls |Resetting menus

Figure 3-5 — Input Screen B-1
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Accept Input Cancel

| | i

|Menu Selected: Plastic Material Properties |Resetting menus

Figure 3-6 — Input Screen B-2
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EI Master Contral 2
L___l Pipe Definition - B
=] Pips Defirition 1
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Figure 3-7 — Input Screen C-1
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|Menu Selected: Fill Heights and Soil Properties {Lewvel 1) |Resetting menus

Figure 3-8 — Input Screen C-2
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Under LRFD load factor in Figure 3-9 enter the combined value of the load factor and load
modifier, i.e. —1.95* 1.05 = 2.05

!:I:"-._Proiecl:s"-.,l]5l]5HH"-.,I]SI]526.l]l]—l:NDE"-.,Tutorial"-.,TutoriaI 3% Levell-DESIGN-LRFD-PLASTIC-SMOOTH - [Input Comman ] 4]
o= File Edit Run Yiew Tools Window Help - 5 X
SHeh HoHE xR J

I ShowHelp I Show input 0| O | Lewvel 1-C-3

Load Factors for LRFD

EI L__I b azter Contral - &

=3 El taster Control 1 - -
T EI Master Contral 2 Starting Load | Ending Load LRFD Load

Step Step Factor
1 1 205 Load increment #1

Comment

EI EI Fipe Definition - B
=- L__I Pipe Definition 1

Plastic Load Contrals
H Plastic M aterial Properties

Plastic Design ‘weights for the LRF

P b Plastic Resistance Factors for the
EI EI Solution Level Statements - C

Cantral Parameters [Level 1]
Fill Heights and Soil Properties [Level 1

Beginning and Ending Load Step [Lev

Tab-Move ta next cell F2[ar keystrake]-Edit Cell
| | _’I Shift-Tab-Mawe back a cell Ctrl-Alt-T ab-E it data grid

Accept Input I Cancel

|Menu Selected: Beqginning and Ending Load Step fLevel 1) |Resetting menus

Figure 3-9 — Input Screen C-3

When all input is complete and saved, click “Run” and “CANDE-2007" on the main toolbar to
execute the program. This will open the “Running CANDE” window which will allow the user to
monitor the run as it progresses. When the program is complete, a check box “CANDE Analysis
Complete” window will appear. Click “OK” and check if the “Running CANDE” window states
“Normal Exit From CANDE.” If an error has occurred, the program will identify the input line of
the error. Reopen the input file and review for mistakes — using the find option may assist in
locating the problem as the line numbers correspond to the CANDE error message. Click the

“Close” button in the “Running CANDE" window to return to the user interface.
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3.3 Reviewing and Interpreting the Output

Now proceed to check the output file. The user can select “View/Output Report (CANDE)” or
select the “View CANDE output” button to look at the output file. Again the file should be
inspected for signs of errors or incorrect input. Using the control window on the left the user can
select to review the system input data, the design solution (Figure 3-10), or the design
assessment (Figure 3-11) by clicking on the appropriate node of the ‘Table of Contents’ browser
shown on the left side of the output viewer. The design assessment is printed after every load
step so that the designer can assess the progress of the design. Figure 3-11 shows the final

assessment printed at the end of the file.
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& COMPLETE ANALYSIS OF THE DESIGN SOLUTION FOLLOWH

A Ak T A A S A Akt S Sk A A A R
SOLUTION OUTPUT RESULTS

B T e i A A S i A S e A A A A e
LEVEL 1 OUTPUT FOR LOAD STEF 1
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[Menu Selected: Beqinning and Ending Load Step (Level 1) |Resetting menus |

Figure 3-10 — Design Solution
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Figure 3-11 — Designh Assessment Summary — Load Step 1
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4. CANDE TEST PROBLEM 4
4.1 Problem Definition

Design a 60 in. inside diameter corrugated aluminum pipe with 30 ft of fill over the top of the
pipe using Working Stress (service) design. The problem is shown schematically in Figure 4-1.
The design will be with Level 2, using an automated finite element pipe mesh for a trench
installation having no interface elements. The desired result is the corrugation size and

thickness.

i i _~ Height of sail
z Ei?)lght: O;oﬂlf‘t e cover = 28.75 ft

Trench width = 7.5 ft

R AR o
ARIATATAY \\</\\//\>>k>/>\>/\\>/\\
S
<G
R
3 N
2 N
_ Q N Trench depth = 6.25 ft
Backfill d : 4

Bedding
(Default mesh used for
bedding, see User Mcmual)\

J In Situ

/NN

R LR DA LR 3T R NS RSN LR LSS NN

Figure 4-1 Details of Problem 4

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each
design.

Type of analysis - Design
Method of analysis/design - Service

Solution level - FEM-auto mesh (Level 2)
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Canned mesh type - Pipe mesh

Soil mesh pattern - Trench

Interface elements (pipe only) - None
Pipe material type - Aluminum

Soil parameters - Canned Isotropic-Linear Elastic soil models for each of the following
materials:

In situ soil - Hard clay — Young’s modulus = 6,000 psi, Poisson’s ratio = 0.35

Bedding soil - Lightly compacted sand — Young's modulus = 2,600 psi, Poisson’s
ratio = 0.19

Backfill soil - Lightly compacted sand — Young’'s modulus = 2,600 psi, Poisson’s
ratio = 0.19

Overfill soil - Lightly compacted silt — Young’s modulus = 800 psi, Poisson’s ratio
=0.23

Soil density - 120 I/ for all soils
Material behavior - Bilinear stress/strain
Analysis mode - Small deformation

Average diameter of pipe - Set pipe diameter to centroid of pipe wall. Assume design
will be met with a 1 in. deep corrugation, therefore set to
nominal diameter + 1 in. = 61 in.

Ratio of horizontal to vertical diameter - 1.0

Height of soil cover - For trench installations CANDE calculates height of soil cover from
the top of the trench (See User Manual, Chapter 5, C-2). To
achieve a total height of fill of 30 ft over the top of the pipe, set the
height of soil cover to 28.75 ft (See Figure 4-1).

Density of soil above truncated mesh - 120 b/,

Number of construction steps - See User Manual, Chapter 5, C-3 — The default mesh
provides 5 construction steps to the top of the mesh,
which provides approximately 1.5 pipe diameters of fill
over the pipe. For the remaining depth of fill, use 5
steps, making a total of 10 construction steps.

Trench depth - Depth from bottom of pipe to top of trench (See User Manual, Chapter 5,
C-4). Use maximum of 2.5 pipe diameters = 6.25 ft per Figure 4-1.

Trench width - 7.5 ft
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4.2 Creating the CANDE Input Document

Figures 4-2 through 4-4 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 3, CANDE wiill
display a screen indicating that an input path is initiated - click “Finish.” The user is prompted

for a filename and directory.

Main Input Control Paramters

Control Information

=Bl x|

& FEM-auto mesh [Level 2)
= FEM-user mesh [Level 3]

Uge the auto-generate option for
the interface elements

tOD-take changes ta the bazic mesh

about your model and CANDE will
prepare a starter input document that you
can custorize for your particular model.
After you complete the input for each
screen in the Input Wizard, press the

— Type of analysis — Level 2 Specific CAN D E
 Analysiz i Canned mesh type Soil mesh pattern
' Design & Pipe mesh " Embankmerit
" Box mesh ' Tiench 2 O O 7
— Method of analysis/desian £ ach " cH
 LRFD ich mesd omogenous | p _I_ W' d
% Service i Interface elements [pipe only) — n U IZ O r
" Pipe-soi
—Solution level ——————— d
 Trenchirsitu el the CANDE i Wizardl
" Elasticity Level 1) elcome to the input Wizar
& Hone You will enter some basic information

0 3: Mumber of nodes to change
1} E: Mumber of elements ta change

1] 3: Murnber of new loading/boundary conditions

"Mext' button until you have reached the
end. Once completed, press the 'Finish’
button to enter the CAMDE input menus.
Control Information

On the control information screen, enter
key information regarding the type of
model, method of analysis, eic.

1 3: Mumber of pipe element groups

[Lewel 3 only]

IED in. Corr. Aluminum - 30 ft Cover Heading for output

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
rnodel chosen

<< Prew Mext »» Finizh | Cancel | Preze 'F1' for help

Figure 4-2 — Input Wizard, Screen 1
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& Main Input Control Paramters

2007
Input Wizard

Pine Material Infarrnation

Enter infarmation on this screen related to
the Pipe Material chosen. For Level 1 and
2 type models, only one pipe material is
entered.

For Level 3 models, this screen will be
repeated N times, where M is the "Numbe
of pipe element groups” entered an the
"Control Infarmation” screen.

Ag you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chosen.

Figure 4-3 — Input Wizard, Screen 2
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[ Enter the soil material information

Soil Properties

; X Select 'canned' or User' sail parameters
Suil Material Model [Soil models 3, 4. and & only]

~ §l Carned J
ﬂ Canned J
Sail 3-backil 1-lzotropic-Linear Elastic j Canned J

[]

4

P Sail 14in sitw

4

Soil 2-bedding 1-sotropic-Linear Elastic

4

4

Canned

Sail 4-overfill 1-sotrapic-Linear Elastic

<¢ Prewv Mext »» Firish | Cancel | Presz 'F1' for help

=[81x]

CANDE

2007
Input Wizard

Soil Properties Information

Enter infarmation on this screen related to
the Sail Properies. This screen is anly
applicable for Levels 2 and 3.

For Level 2 models, the number of sail
models is predetermined by CANDE.
For Level 3 models, the number of saoil
models is input on the "Level 3
Infarmation” screen.

Set the Soil Material Model type along
with information related to the type
chosen. Specific soil names and
properties will input on the main CANDE
input screens once the input wizard has
completed the initial generation of the
input document.

B

Figure 4-4 — Input Wizard, Screen 3

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 4-5.

Enter an appropriate heading for output and click “Accept Input.”
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< | |
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Figure 4-5 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 4-5 shows “X” for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 4-6 through 4-10 show the completed input for
the screens requiring data for the tutorial, except that only one material definition screen is
shown. Input the remaining definition screens. As input is modified, a ‘blue circle’ icon will
appear in the menu input tree. This is a visual indicator that some input on that menu has been
modified. After completing each screen, click “Accept Input” and the blue circle in the control

panel will disappear indicating all fields have data.
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Figure 4-6 — Input Screen C-2
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Figure 4-7 — Input Screen C-3
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Figure 4-8 — Input Screen C-4
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Figure 4-9 — Input Screen D-1 for Material 1 — In Situ Soil

(Note: Repeat for Materials 2, 3, and 4 with values provided in the ‘Problem Definition’)
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Figure 4-10 — Input Screen D-2 for Material 1 — In Situ Soil
(Note: Repeat for Materials 2, 3, and 4 with values provided in the ‘Problem Definition’)

When all input is complete and saved, click “Run” and “CANDE-2007" on the main toolbar to
execute the program. This will open the “Running CANDE” window which will allow you to
monitor the run as it progresses. When the program is complete, a check box “CANDE Analysis
Complete” window will appear. Click “OK” and check if the “Running CANDE” window states
“Normal Exit From CANDE.” If an error has occurred, the program will identify the input line of
the error. Reopen the input file and review for mistakes — using the find option may assist in
locating the problem as the line numbers correspond to the CANDE error message. Click the

“Close” button in the “Running CANDE” window to return to the user interface.
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4.3 Reviewing and Interpreting the Output

Now proceed to check the output file. Tools to assist in this process are the mesh plot and
graphs available under the “View” menu on the main toolbar. Users should explore the use of
the buttons on the toolbars of the mesh plot screen. Element and node numbering, material
information, boundary conditions, and construction increments may all be added or removed

from the plot. The “Plotting Parameters” button allows the user to:

° change the magnification of the deflections,

° eliminate the magnitude of early deflection/stress values - for example the deflections
and stresses due to the self weight of the in situ soil may not be of interest, or the user
may wish to see only the deflection/stress due to a live load condition, and

° change colors or add increment identifiers.

Begin with the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Open the
plotting parameters menu and click the check box “Show constr. increment numbers.” Click
“OK,” set Load Increment to 5 to show the entire mesh (the remaining load is placed above the
mesh — see User Manual) and click the toolbar icon to turn on the construction steps. The mesh

plot should look like Figure 4-11.

NCHRP 15-28 — Tutorial Problem 4 -4-12-



T 1 Bk o NS08 20 I0-DSIHC Tukborlal Tubarkal 46 Leweld -0 S 1G-S0 TRES-Pipe-ALUMINUM - [Mesh Plotting: 1 Project s 50500 15052 5.00-CH08, Tuborial Tt =l %]

o Bl Gk R Yew Took  Windos  bsp - F X
DSE &b POUEHE
fm LB, M L Lo Lo incremvant 10§ :E!.'E BB R R R

-l

(KK

K| 1

Coordinates: « = 345.63, y = -54.07 Couldn' set scale

[Menu Selected: Tsotrapic Linear Elastic Parameters [Resetting menus |

Figure 4-11 — Mesh Plot for Load Steps 1to 5
To view deflections, open the plotting parameters window and set the deflection magnification
factor to 10, click the “Ignore deflections/by load incr.” check box and set the Load Increment to

1 (see Figure 4-12).

gl

Mesh Coloring —— [ Maagnification Factors ———— 1 Boundary conditions —— — Material: and Construction Incrments —
¥ Show force bound v i
- Element text calor I 10 Deflection Ov TOrGe boundary ¥ Show material numbers

¥ Show other baundan
- " R v - t aterial number text eolor
Element line color 5 Boundary diameter

IV Show constr. increment numbers

- MHode text calor .
- Canstr. increment text colar

— Element Humbenng ———— — Mode numbering
¥ Interface numbering ¥ Interface numbering
- Beam element color ¥ Beam numbering ¥ Beam numbering [ lanare deflzctiorss
Beam element thickness ¥ Triangular element numbering IV Triangular nade numbering ¥ lgnare deflections by load incr.

|-| .I ¥ Quad element numbering ¥ Quad node numbering
I 1 3: Load increment

(]9 | Cancel |

Figure 4-12 — Mesh Window Plotting Parameters
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Select “OK” to close the window. Click the icon to “Turn on/off selected output results” and set
the drop down box to Deflections. Note that if the Load Increment is set to 1, the deflections
due to Load Increment 1 are shown, but when the Load Increment is set to 2, the Increment 1
deflections are ignored. Set the increment to 10 and the screen should look like Figure 4-13.
Other mesh output parameters can also be inspected to determine if the results are consistent
with the design intent.

!:l::'ﬂ.,Ducun1ents and Settings'bpstrohman'Desktop’ Temp'Level2-DESIGN-WSD-TREN-Pipe-ALUMINUM - [Mesh Plol .= ﬂi
ol Fle Edt Run  ¥iew Tools  MWindow  Help - 8 X

DM &h 06 HE xR

g B B, Mo Co BY Deflections oad incremert 10) 03 A ||& & o 5§ R F
Scale for Deflections
Note: Results ingored starting with
Load increment 1'
Scale not available
e
-
Kl 1 5|
Coordinates: x = 221.07, y = 126,07 | Couldn't set scale

\Menu Selected: Isotropic Linear Elastic Parameters \Resetting MENUS \

Figure 4-13 — Deflections, Excluding Those Due to Self Weight of In Situ Soil

Similarly, using the “View CANDE Graphs” button on the toolbar or selecting “View/Graphs” the
user can explore the forces in the culvert itself. Figure 4-14 compares the bending moments
after three increments. This is accomplished using the “Plot multiple load steps” icon at the far
left of the toolbar to uncheck “Show single load step” and check Load Steps 4, 6, and 10, then
“OK.” The “Turn on/off view of pipe” icon on the right side of the toolbar, allows showing the
pipe and the node numbering to assist in interpreting the graph. Turn on the view of the pipe

and set the drop down box to “Bending moment” and the screen should appear as Figure 4-14.
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Figure 4-14 — Bending Moments for Load Steps 4, 6, and 10

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file. Again the file should be inspected for signs of errors or incorrect input. Using the control
window on the left the user can select to review the system input data, the design solution
(Figure 4-15), or the design assessment (Figure 4-16) by clicking on the appropriate node of the
‘Table of Contents’ browser shown on the left side of the output viewer. The design assessment
is printed after every load step so that the designer can assess the progress of the design.
Figure 4-16 shows the final assessment printed at the end of the file.
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Figure 4-15 — Design Solution
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Figure 4-16 — Design Assessment Summary — Load Step 10
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One additional tool is the Results Generator which can be used by selecting “View/Results
Generator” or the “Start CANDE Results Generator” button. Figure 4-17 shows the Results
Generator input screen set to obtain deflection and moment data from the full output file. After
selecting the desired output criteria, click the “Generate/Preview” button in the lower left corner
of the window. A portion of the report with the desired data is shown in Figure 4-18. The three

tabs shown in Figures 4-17 and 4-18 are described in the following:

o General/Mesh Output — allows the user to request to view general mesh output such as
thrusts, shears, bending moments and nodal displacements in the beam elements,
interface element forces and displacements, and stresses and strains in the remaining

mesh elements.

e Beam Output — allows the user to select to view more detailed output within the beam

elements such as maximum fiber stresses, strain ratios, etc.

o Report Preview — displays the desired report.
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Figure 4-17 — Results Generator Input Screen — Load Step 10 Moments and Deflections
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Figure 4-18 — Results Generator — Load Step 10 Deflections
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5. CANDE TEST PROBLEM 5
5.1 Problem Definition

Analyze a 36 in. outside diameter smooth wall HDPE plastic pipe with 40 ft of fill over the top of
the pipe using Working Stress (service) analysis. The problem is shown schematically in Figure
5-1. The analysis will be with Level 2, using an automated finite element pipe mesh for an

embankment installation having no interface elements.

Height of fill over

Height of soil cover = 40 ft

7 = 415 ft pipe

Do = 36 in.
Dm = 34.62 in.

Bedding Backfill

(Default mesh used for
bedding, see User Manual)

NN BE LI SN N D

Figure 5-1 Details of Problem 5

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each

design.

Type of analysis - Analysis
Method of analysis/design - Service

Solution level - FEM-auto mesh (Level 2)
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Canned mesh type - Pipe mesh

Soil mesh pattern - Embankment
Interface elements (pipe only) - None
Pipe material type - Plastic

Wall section type - Smooth

Soil parameters - Canned Isotropic-Linear Elastic soil models for each of the following
materials:

In situ soil - Hard clay — Young’s modulus = 6,000 psi, Poisson’s ratio = 0.35

Bedding soil - Lightly compacted sand — Young’s Modulus = 2,600 psi, Poisson’s
ratio = 0.19

Backfill soil - Lightly compacted sand — Young’'s modulus = 2,600 psi, Poisson’s
ratio = 0.19

Backpack soil - Lightly compacted silt — Young’s modulus = 800 psi, Poisson’s
ratio = 0.23

Soil density - 120 I/ for all soils

Load duration - Short term

Analysis mode - Large deformation/buckling

Young’s modulus for short term loading - 80,000 Ib/in.?

Ultimate stress limit for short term loading - 1,600 Ib/in.?

Poisson’s ratio - 0.4

Density of plastic material used for body weight - 0.034 Ib/in.

Total height of wall cross section - 1.38 in. Assume pipe is DR 26.

Average diameter of pipe - Set pipe diameter to centroid of pipe wall. Dy, = 34.62 in.

Ratio of horizontal to vertical diameter - 1.0

Height of soil cover - For embankment installations CANDE calculates height of soll
cover from the springline of the pipe (see User Manual, Chapter
5, C-2). To achieve a total height of fill of 40 ft over the top of

the pipe, set the depth to 40 ft + mean pipe radius = 41.5 ft
(See Figure 5-1).
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Density of soil above truncated mesh - 120 b/t

Number of construction steps - See User Manual, Chapter 5, C-3 — The default mesh

NCHRP 15-28 — Tutorial Problem 5

provides 5 construction steps to the top of the mesh,
which provides approximately 1.5 pipe diameters of fill
over the pipe. For the remaining depth of fill, use 5
steps, making a total of 10 construction steps.
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5.2 Creating the CANDE Input Document

Figures 5-2 through 5-4 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 3, CANDE wiill
display a screen indicating that an input path is initiated - click “Finish.” The user is prompted

for a filename and directory.

Main Input Control Paramters Y ]
Control Information
—Typeofanalyss —————————————— —Level 2 Specific C AN D E
¥ Anaysis r— Canned mesh type Sol mesh pattem
o Do * Pipemesh ' Embankment
. " Boxmesh " Trench 2 OO 7
—Method of anayzis/design——————
B " drchmesh " Homogenous | _I_ W' d
_ NPUT WiZAr
% Service i Interface elements (pipe only] —
" Fipe-sal
— Solution level r - -
£ Elesticty Level 1 Trstetrinity Welcome to the CANDE input Wizard!
o P o el * Hone You will enter some basic information
LR about your model and CANDE wil
" FEM-user mesh [Level 3] prepare a starter input document that you
MOD-Make changes to the basic mesh tan custormnize for your lparticular model.
Use the auto-generate option for After S complete th? input for each
the interface elements IU 3; Number of rodes b change screen in the Input Wizard, press the
. Mext' button until you have reached the
IU 3 Humber of elements to change end. Once completed, press the 'Finish’
; IU 3: Number of new loading/baundany conditions buttan ta enter the CANDE input menus. |
1 32 N|_umb|eé of |‘3'|33 slement groups Control Information
el Jauy, On the contral information screen, enter
- : key information regarding the type of
|New|nput file Heading for output madel, method of analysis, stc. J
<< Frey | Mest > | Firiist | Cancel | Press 'F1' far help

Figure 5-2 — Input Wizard, Screen 1
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8 Main Input Control Paramters

CANDE

2007
Input Wizard

Pipe Material Inforration

Enter information on this screen related to
the Pipe Material chosen. For Level 1 and
2 type models, only one pipe material is
entered.

For Leval 3 models, this screen will be
repeated M times, where N is the "Number
of pipe element groups” entered on the
“Control Infarmation” screen.

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chosen.

Figure 5-3 — Input Wizard, Screen 2
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For Level 2 models, the number of soil
models is predetermined by CANDE
For Leval 3 models, the number of soil
madels is input on the "Level 3
Information” screen.
Set the Soil Material Model type along
with information related to the type
chogen. Specific soil narmes and
properties will input on the main CANDE
input screens once the input wizard has
completed the initial generation of the
input docurnent.

<< Prey Mext »» Firiish | Cancel | Fress 'F1' for help

Figure 5-4 — Input Wizard, Screen 3

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 5-5.
Enter an appropriate heading for output and click “Accept Input.”
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Figure 5-5 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 5-5 shows “X" for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 5-6 through 5-12 show the completed input for
the screens requiring data for the tutorial, except that only one material definition screen is
shown. Input the remaining definition screens. As input is modified, a ‘blue circle’ icon will
appear in the menu input tree. This is a visual indicator that some input on that menu has been
modified. After completing each screen, click “Accept Input” and the blue circle in the control
panel will disappear indicating all fields have data.
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Figure 5-11 — Input Screen D-1 for Material 1 — In Situ Soil

(Note: Repeat for Materials 2, 3, and 4 with values provided in the ‘Problem Definition’)
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Figure 5-12 — Input Screen D-2 for Material 1 — In Situ Soil
(Note: Repeat for Materials 2, 3, and 4 with values provided in the ‘Problem Definition’)

When all input is complete and saved, click “Run” and “CANDE-2007" on the main toolbar to
execute the program. This will open the “Running CANDE” window which will allow you to
monitor the run as it progresses. When the program is complete, a check box “CANDE Analysis
Complete” window will appear. Click “OK” and check if the “Running CANDE” window states
“Normal Exit From CANDE.” If an error has occurred, the program will identify the input line of
the error. Reopen the input file and review for mistakes — using the find option may assist in
locating the problem as the line numbers correspond to the CANDE error message. Click the

“Close” button in the “Running CANDE” window to return to the user interface.
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5.3 Reviewing and Interpreting the Output

Now proceed to check the output file. Tools to assist in this process are the mesh plot and
graphs available under the “View” menu on the main toolbar. Users should explore the use of
the buttons on the toolbars of the mesh plot screen. Element and node numbering, material
information, boundary conditions, and construction increments may all be added or removed

from the plot. The “Plotting Parameters” button allows the user to:

° change the magnification of the deflections,

° eliminate the magnitude of early deflection/stress values - for example the deflections
and stresses due to the self weight of the in situ soil may not be of interest, or the user
may wish to see only the deflection/stress due to a live load condition, and

° change colors or add increment identifiers.

Begin with the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Open the
plotting parameters menu and click the check box “Show constr. increment numbers.” Click
“OK,” set Load Increment to 5 to show the entire mesh (the remaining load is placed above the
mesh — see User Manual) and click the toolbar icon to turn on the construction steps. The mesh

plot should look like Figure 5-13.
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Figure 5-13 — Mesh Plot for Load Steps 1to 5

To view horizontal strain, open the plotting parameters window and set the deflection

magnification factor to 10 (see Figure 5-14).
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Figure 5-14 — Mesh Window Plotting Parameters
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Select “OK” to close the window. Click the icon to “Turn on/off selected output results” and set
the drop down box to Horizontal Strain. Set the increment to 10 and the screen should look like
Figure 5-15, which also shows the deflected mesh geometry. Other mesh output parameters

can also be inspected to determine if the results are consistent with the design intent.
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Figure 5-15 — Horizontal Strain, Load Step 10

Similarly, using the “View CANDE Graphs” button on the toolbar or selecting “View/Graphs” the
user can explore the forces in the culvert itself. Figure 5-16 compares the thrusts after three
increments. This is accomplished using the “Plot multiple load steps” icon at the far left of the
toolbar to uncheck “Show single load step” and check Load Steps 2, 4, and 6, then “OK.” The
“Turn on/off view of pipe” icon on the right side of the toolbar, allows showing the pipe and the
node numbering to assist in interpreting the graph. Turn on the view of the pipe and set the
drop down box to “Thrust Force” and the screen should appear as Figure 5-16.
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Figure 5-16 — Thrust Force for Load Steps 2, 4, and 6

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file. Again the file should be inspected for signs of errors or incorrect input. Using the control
window on the left the user can select to review the system input data or the design assessment
(Figure 5-17) by clicking on the appropriate node of the ‘Table of Contents’ browser shown on
the left side of the output viewer. The design assessment is printed after every load step so that
the designer can assess the progress of the design. Figure 5-17 shows the final assessment

printed at the end of the file.

‘Dune
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One additional tool is the Results Generator which can be used by selecting “View/Results
Generator” or the “Start CANDE Results Generator” button. Figure 5-18 shows the Results
Generator input screen set to obtain deflection and moment data from the full output file. After
selecting the desired output criteria, click the “Generate/Preview” button in the lower left corner
of the window. A portion of the report with the desired data is shown in Figure 5-19. The three

tabs shown in Figures 5-18 and 5-19 are described in the following:

o General/Mesh Output — allows the user to request to view general mesh output such as
thrusts, shears, bending moments and nodal displacements in the beam elements,
interface element forces and displacements, and stresses and strains in the remaining

mesh elements.

e Beam Output — allows the user to select to view more detailed output within the beam

elements such as maximum fiber stresses, strain ratios, etc.

o Report Preview — displays the desired report.
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Figure 5-18 — Results Generator Input Screen — Load Step 10 Moments and Deflections
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6. CANDE TEST PROBLEM 6
6.1 Problem Definition

Analyze a 237-inch span (90-inch rise) reinforced concrete arch supported on spread footings
with 2 ft of fill over the top of the arch, using LRFD analysis. The problem is shown
schematically in Figure 6-1. The analysis will be with Level 2, using an automated finite element
arch mesh for a trench installation having interface elements. The automated finite element
mesh will be modified using Level 2-extended to apply point loads depicting a LRFD design
truck at the ground surface above the crown of the arch. Additionally, the live load rating
procedure will be demonstrated using CANDE output.

Live Load

it

Height of soil cover

above crown of arch = 2 ft

Backfin1
Trench Depth

= 8.5 ft

Total rise of
arch structure
~—R; = 53.88 in. = 90 in.

Footing Depth = 20 in,

R o o e o o o o o o P o o o o P o o o o T P 7 a7 /i Y, PP

Trench Width = 5 ftj Arch span = 237.62 in.

Figure 6-1 Details of Problem 6

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each

design.

Type of analysis - Analysis
Method of analysis/design - LRFD
Solution level - FEM-auto mesh (Level 2)

Canned mesh type - Arch mesh
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Soil mesh pattern - Trench

MOD-Make changes to the basic mesh - check on (problem requires using Level 2-
extended to apply point loads depicting a
LRFD design truck at the ground surface
above the crown of the arch).

Number of new loading/boundary conditions to be added - 8 (for Live Load calculation

see Figure 6-14.)

Pipe material type - Concrete

Reinforcement shape - Standard

Soil parameters - Canned Isotropic-Linear Elastic soil models except as noted:

In situ soil - Linear Elastic - Young's modulus = 5,000 psi, Poisson’s ratio = 0.35

Footing - Linear Elastic - Young’s modulus = 3,600,000 psi, Poisson’s ratio =
0.17

Backfill soil - Canned Duncan/Selig - SW 95, LRFD stiffness control = 0, Moduli
averaging ratio = 0.5, soil model = Duncan/Selig formulation

Soil density - 120 Ib/ft® for all soils and 150 Ib/ft® for the footing

Compressive strength of concrete (f'c) - 5,000 Ib/in.?
Shear strength equation - Pipes/arches (AASHTO 12.10.4.2.5)
Concrete strain at tension rupture - 0.00001 in./in.

Note: 0.00001 in./in. used to achieve convergence.
Compressive strain at the initial strength limit - 0.002 in./in.
Unit weight of concrete for body weight - 150 Ib/ft>
Crack width model - Heger-McGrath (AASHTO 12.10.4.2.4d)
Analysis mode - Small deformation

Yield stress of reinforcing steel - 65,000 Ib/in.?

Young’s modulus of reinforcing steel - 29,000,000 Ib/in.?
Poisson’s ratio of reinforcing steel - 0.3
Inner surface spacing between rows of rebar - 2 in.

Outer surface spacing between rows of rebar - 2 in.
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Number of inner cage layers of reinforcement - 1

Number of outer cage layers of reinforcement - 1

Type of reinforcement - Welded wire fabric

Nonlinear behavior selection - Option 3 plus steel yielding behavior.

Concrete wall thickness - 16 in.

Steel cage area 1- 0.022 in.%/in.

Steel cage area 2- 0.022 in.%/in.

Concrete cover to c.l. of cage 1 - 1.25n.

Concrete coverto c.l. of cage 2 - 1.251n.

Number of construction steps - See User Manual, Chapter 5, C-2 — The default mesh
provides 8 construction steps to the top of the trench.
Use an additional 4 steps for the live load (applying
load in steps results in fewer convergence issues),
making a total of 12 construction steps.

Height of soil cover above crown of arch - 2 ft

Density of soil above truncated mesh - 120 Ib/ft>

Trench depth - 8.5 ft

Trench width - 5 ft

Total rise of arch structure - 90 in.

One-half of arch span at footing level - 118.81 in.

Footing depth - 20 in.

Outside footing width - 30 in.

Inside footing width - 30 in.

Radius of top arch (segment 1) - R1 - 157 in.

Angle for R1 segment - 40 degrees

Radius of second segment - R2 - 53.88 in.

Angle for R2 segment - 62.87 degrees
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LRFD load factors - 1.35 for load steps 1 through 8 and 1.75 for load steps 9 through
12

** The 1.2 multiple presence factor and 1.2475 impact factor are part of the
service load and thus are included in the live load calculation).

Load modifier — 1.05 (non-redundant for earth load)
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6.2 Creating the CANDE Input Document

Figures 6-2 through 6-4 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 3, CANDE wiill
display a screen indicating that an input path is initiated — click “Finish.” The user is prompted

for a filename and directory.

_iolx
Control Information
Typeofandysis ————————— ~Level 2 Specific C AN D E
% hnalysis r— Canned mesh type Soil mesh pattem
® Dy " Pipe mesh " Embarkment
. ' Boxmesh {* Tench 2 OO 7
r—Method of analyzis/design —————— (_ ~
* Aich mesh Homogenous '
& LRFD | p 'I' W d
 Service i Interface elements (pipe only] = n U IZ Or
' Fipe-sal
r— Solution level r - =
£ Elastisy [Lovel 1] Trensiriniit Welcome to the CANDE input Wizard!
Y I ' Hore You will enter some basic information
R about your model and CANDE will
" FEM-user mesh [Level 3) prepare a starter input document that you
v MOD-Make changesta the basicmesh — can customize for your particular model.
Llse the auto-generate aption for After you complete th? input for each
the intertace elements IU 3; Mumber of nodes b changs screen in the Input Wizard, press the
. Mext' button until you have reached the
IU 3 Number of elements to change end. Once completed, press the ‘Finish'
; Ie 3: Murnber of new loading/boundary conditions button ta enter the CANDE input menus. |
|1 32 NLumeé of ||3'|33 slement gioups Contral Information
Do ] On the control information screen, enter
- ; key information regarding the type of
|23? in Conc. Rein, Arch - 2 ft Coved Heading for output model, method of analysis, atc. J
<4 Prey, | Hewt > | Firiish | Cancel | Press 'F1' for help

Figure 6-2 — Input Wizard, Screen 1
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® Main Input Control Paramters

CANDE

2007
Input Wizard

Pipe Material Inforrnation

Enter infarmation on this screen related to
the Pipe Material chosen. For Level 1 and
2 type models, only one pipe material is
entered.

For Level 3 models, this screen will be
repeated N times, where M is the "Number
of pipe element groups” entered on the
"Control Information” screen.

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chosen.

Figure 6-3 — Input Wizard, Screen 2
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i Enter the soil material information Y ]

CANDE

2007
Input Wizard

Y

Select ‘zanned' or User' sail parameters

Soil Material Hodel [Soil models 3, 4, and 5 anly)

Soil 14n situ 1 sotiopic-Linear Elastic j Canned

j Canned

Canned

Sail 2aoting 1 sotiopic-Linear Elastic

5ol 3hackfil ]

Sail Properties Information

Enter information on this screen related to
the Soil Properties. This screen is only
applicable for Levels 2 and 3.

For Level 2 models, the number of soil
models is predetermined by CANDE.

For Level 3 models, the number of soil
models is input on the "Level 3
Infarmation” screen.

Set the Soil Material Model type along
with information related to the type
chosen. Specific soil names and
properties will input on the main CANDE
input screens once the input wizard has v

wlotodal ot

< Prey | Mest > | Firiist | Cancel | Press 'F1' far help

Figure 6-4 — Input Wizard, Screen 3

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 6-5.
Enter an appropriate heading for output and click “Accept Input.”
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!:IZ:"»,Dncuments and Settings',bpstrohmanDesktop’ Level2-ANALYS-LRFD-TREN-Arch-CONCRETE - [Input Commal = il
o Fle Edt Run  ¥iew ‘Window Help - 8 x

= = = e T = |
" ShowHelp I Show input o o haster Contral A-1

— Type of analpsis
e __I Master Control - & - = Snalysis [
=] J Master Control 1 ) Design
H J Master Contral 2
EI __I Fipe Definition - B
[=E J Pipe Definition 1
Conciete Material and Stiengtk
Conciete Material Properties 2 1 Service
h Concrete Reinforcing Steel Pro
+1 2 | Concrete Wall Thickness and f — Solution level
E Concrete Resistance Factors b £ Elasticity [Level 1)
=3 J Solution Level Statements - C =
j Cantrol Pararneters (Level 2+8rch] * FER-auto mesh (Leve! 2]
X Plat and Print Cantral [Level 2-&rch £ FEM-user mesh [Level 3]
i ¥ | Arch and Footing Dimensions [Lavt
-+ X | &rch Segments and Angles [Level .
i Contral Parameters for Changes to
= J M aterial Definition Statements - 1 I1
E| __I Material Definition 1 [in situ]

Material Control P e . .
ﬂ Jsotrapic Line: Elastic Parame |3D M aximum number of iterations/step

— Method of analysis
& LRFD

INEW Input file Heading for output

:2’ Mumber of culvert element groups

Material Definition 2 (footing)
Material Control Parameters(t IU Culvert [D (Frocess 1250)
- -1 ¥ | lsotropic Linear Elastic Parame IU Process ID [Process 12:50]
E| __I Material Definition 3 (backfill)
: M aterial Control Parametersitz ID Subdomain 1D (Process 12-50]
Duncan and Duncan/Selig Mo
Material Defirition 4 (Interface 1) Accept Input Cancel
Material Control Parameters(t z
Interface Angles
J Material Definition 5 (Interface 2]
Material Control Parameters(t z
Interface Angles
E| J Material Definition 6 (Interface 3]
M atenial Control Parameters(t

g | wa.ra.-r Enles _’ILI

\Menu Selected: Master Cantral 1 \Done

Figure 6-5 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 6-5 shows “X” for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 6-6 through 6-12 and Figures 6-16 through 6-18
show the completed input for the standard screens requiring data for the tutorial, except that
only one material definition screen is shown. Input the remaining definition screens. As input is
modified, a ‘blue circle’ icon will appear in the menu input tree. This is a visual indicator that
some input on that menu has been modified. After completing each screen, click “Accept Input”
and the blue circle in the control panel will disappear indicating all fields have data. Figures 6-
13 through 6-15 show the live load calculation and use of the Level 2-extended to apply point
loads depicting a LRFD design truck at the ground surface above the crown of the arch. Note
that the interface properties will be modified in the “file/open text input” mode after all of the
other material properties and problem definitions have been defined (see Figures 16-19 through
16-21).
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ocuments and Setting: pstrohman’Desktop X i evel2-ANALYS-LRFD-TR — |I:I|i|

o=l File Edit Run Wiew Tools Windaw Help - 8 x
D &® @0 B B8 » R J
I ShowHeln T Show input 0| [ 1] | Material (Cancrete) B-1
Concrete Material Properties
=] __] b azter Contral - & =
E|__] Maszter Control 1
i _] Master Cantral 2 Compressive strength of concrete [Fc) |5DDD psi
El—él—] fjepi?ggﬁ:it-ifn 1 Young's modulus in elastic range -def. psi
| Concrete Material and Strengtk Poisson's ratio IU.1?
Concrete Material Properties 2 o 5 et
Concrete Reinforcing Steel Pro Multiplying factar ko compute nominal shear strength |-
X | Concrete "Wall Thickness and F 5
Concrete Resistance Factors f Shear strength equation
= __] Solution Lewvel Statements - C s Pipes/arches
----- Contral Parameters [Level 2-4rch) X s e
-1 ¥ | Plot and Print Contral [Level 2-Arch— ® GmeeBeeds 26
----- X | Arch and Footing Dimensions [Lewe ™ Bowesd3-sided < 2 fil
- ¥ | Arch Segments and Angles [Level
----- Contral Parameters for Changes ta
=] __] b aterial Definition Statements - D
E|__] _Material Drefinition 1 [in zitu]
Material Contral Parameters(iz
lzatropic Linear Elaztic Parame
B __] b aterial Definition 2 [foating)
I Material Control Parameters(iz Accept Input Cancel
z’ Izotropic Linear Elastic Parame
__] _Material Drefinition 3 [backfill]
H Material Contral Parameters(iz
j Duncan and DuncandSelig Ma
B __] b aterial Definition 4 [Inteface 1]
Material Control Parameters(iz
j Interface Angles
[—:I__] _Material Drefinition 5 [Inteface 2]
Material Contral Parameters(iz
j Interface Angles
1 ] b mbericd Py ‘_lLI
1 [R——— >
|Menu Selected: Concrete Material and Strength Properties |Resetting menus Lt

Figure 6-6 — Input Screen B-1
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Documents and Setting,

emp'temp - [Input Commands: cuments and Settings'bpstrohm

ol Fle Edt Run  Wiew Tools  Mindow  Help

NEE&h 06 e xR

=18 ]|

- 8 x

I Show Help ™ Show ihput

4

&

=

=

__] Master Contral - A
E|_J Master Contral 1
“ ] Master Conrol 2

___| Pipe Defirition - 8
=] __] Pipe Defirition 1

Cancrete Material and Strengtt
0| Concrete Material Properties 2

Cancrete Reinforcing Stesl Pro
X | Concrete Wall Thickness and f

Concrete Resistance Factors fo
__] Solution Level Statements - C
H Control Parameters (Level 2-&rch]
Plot and Print Cantrol [Level 2-4rch
Arch and Foating Dimensions [Levt_
Arch Segments and Angles [Level |
Contral Parameters for Changes to
__] b aterial Definition Statements - O
- Material Definition 1 (in situ]
tdaterial Cantrol Parameters{h =
X | lsotropic Linear Elastic Parame
__] Material Definition 2 (footing]

« | Matenial Contol Parameters(tde
X | lsotrapic Linear Elastic Parame
= _J haterial Definition 3 (backfill)

Material Control Parameters(t
++ | Duncan and Duncan/Selig Mo
Material Definition 4 (Interface 1]
tdaterial Cantrol Parameters{h =
Interface Angles
M aterial Definition 5 (Interface 2|
taterial Control Parameters{t =
Interface Angles
_J aterial Definition 6 [Interface 3]

Material Control Parameters(t
|n?=|'ar-r bnrles _Iﬂ

|

e

b B3

.

2'2' Material (Concrete) B-2

Concrete hdaterial Properties 2

Cancrete srain at tenzsion rupture ID.DUDU1 indin
Compressive strain at end of elastic range def. infin

Compressive strain at the initial strength limit ID o0z infin

Unit weight of concrete for body weight 150 it 3
[ Crack width model
5

 Gergely-Lutz
" Crack spacing length
def.

— Analysis mode
& Small deformation
" Large deformation

 Large deffbuckling

Accept Input Cancel

[Menu Selected: Concrete Material Properties 2

‘Dune

Figure 6-7 — Input Screen B-2
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Documents and Setting, emp'Levelz- ANALYS-LRFD-TREN-Arch-CONCRETE - [Input Commands: .- ili

ol Fle Edt Run  Wiew Tools  Mindow  Help

DEWEL H08EHxH j
™ ShowHelp I Show input 2'2' Material (Concrete) B-3

Reinforcement Steel Placement and Properties

_J Fipe Definition - B d Reinforcement shape ————————

E--J Pipe Definition 1 0 Sk
Concrete Material and Strength Pro

Concrete M aterial Properties 2 € Eliptical
| Concrete Reinforcing Steel Properti © frbirary
- X | Concrete wall Thickness and Rein -
Concrete Resistance Factars for LF Bores

_J Solution Level Statements - C
Contral Parameters [Lewel 2-Arch]
Plot and Print Contral [Level 2-4rch]

‘Yield stress of reinforcing steel IBSDDU psi

Arch and Fooling Dimensions [Level 2+« “oung's madulus of reinforcing stes! I2SDDDDDE| psi
X | Arch Segments and Angles [Level 2-&r Fui . IU_3
Control Parameters for Changes to Mod CESSIES S

_,J Material Diefinition Statements - 1 Inner surface spacing betwesn rows of rebar |2 in
E1-_] Material Definition 1 fin situ)
:‘ Material Control ParametersMateriz Outer suface spacing between rows of rebar |2 in

H |l e A ST Mumber of inher cage layers of reinforcement I1 3:
EI-J Material Definition 2 [footing]

:‘ Material Control Parameters(h ateriz Number of outer cage layers of reinforcement I1 3:

-\ ¥ | lsotropic Linear Elastic Parameters

E1_| Material Definition 3 [backfil) [~ Tvpe of reinforcemenit
:‘ tdaterial Control Parameters(h aterie " Smooth wire or plain bars
Duncan and Duncan/Selig Mode! B & N
J M aterial Definition 4 [Interface 1] it o el e
Material Control Parameters(Materiz ™ Deformed bars or with stimups
Interface Angles

- J Material Definition 5 [Interface 2]
b aterial Control Parameters(h ateriz
Interface Angles
_J Material Definition 6 [Interface 3] " Plus concrete yielding and plastic behavior
taterial Control Parameters(M aterie
H Interface Angles
E| J taterial Definition 7 [Interface 4]
i Material Control Parametersial

teriz Accept Input | Cancel
J Interfare Anajes _IJ
4

[Menu Selected: Concrete Reinforcing Stesl Properties [Resetting menus

i~ Monlinear behavior selection

" Concrete cracking

' Plus steel yielding behavior

Figure 6-8 — Input Screen B-3
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Documents and Setting: emp'Level2-ANALYS-LRFD-TREN-Arch-CONCRETE - [Input Commands: = ili

o Fle Edt Run  Wiew Tools  Window Help o x

DEEED Do BB @
I ShowHelp I Shaw input gg Material (Concrete) B-4

YWall Thickness and Reinforcement Properties

J Fip Definiian - 8 d Concrete wall thickness I“E in

= _J Pipe Defirition 1

Concrete Material and Strength Pro Steel area in cage 1 IU-U22 in"24in

Cancrete M aterial Properties 2 X 0022 o

Concrete Reinforcing Steel Properti Stesl areain cage 2 1™ in"2/in
- Concrete Wall Thickness and Rein Cancrete cover to . of cage 1 IW 25 in

Concrete Resistance Factors for LF =
_J Solution Level Statements - C Concrete cover to cl. of cage 2 in
Contral Parameters [Lewel 2-Arch]
X | Plot and Print Contral (Lewel 2-4rch)
Arch and Footing Dimensions [Level 2+«
Arch Segments and Angles [Level 2-41
Contral Parameters for Changes to Mod
J Haterial Diefinition Statements - 0
EI-_J M aterial Definition 1 [in situ]
:‘ Material Control Parameters(Materiz

X

|sotropic: Linear Elastic Parameters
E1{_| Material Defirition 2 (faating)
Material Control ParametersM ateriz
¢ X lsatopic Linear Elastic Parameters
EI _J Material Definiion 3 [backfil) Aceept Input Eaneel
i b aterial Control Parameters(h ateriz
i Duncan and Duncan/Selig Mode! F
E|-_J Material Definition 4 (Interface 1)
taterial Control Parameters(M aterie
Interface Angles

=] J taterial Definition 5 [Interface 2]

i :‘ Material Control ParametersM ateriz

: Interface Angles

EI _J Material Definition B [Interface 3]
- b aterial Control Parameters(h ateriz
:‘ Interface Angles

E| _J M aterial Definition 7 [Interface 4]

taterial Control Parameters(M ateric
K Intertare banjes _IJ
4

[Menu Selected: Cancrete Wall Thickness and Reinforcement: P|Resetting menus

Figure 6-9 — Input Screen B-4
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Documents and Setting, h emp'Levelz- ANALYS-LRFD-TREN-Arch-CONCRETE - [Input Commands: .- ili
o Fle Edt Run  iew Took Window  Help _ 8 x

DEEHEh Do uE xR
™ ShowHelp I Show input 2'2' Level 2- C-2

Control Integers/Construction Increments
Arch Mesh

__| Pips Definition - & | ) o s
=] __] Pipe Definiion 1 Mumber of construction steps

Concrete Material and Strength Pro
Concrete M aterial Properties 2 ' Minimal
Concrete Reinforcing Steel Properti -
Concrete Wall Thickness and Rein 9 S
Concrete Resistance Factars for LF " Plus Duncan
__] Solution Level Statements - C
Contral Parameters [Lewel 2-Arch]
Plot and Print Contral [Level 2-4rch]
Arch and Fooling Dimensions [Level 2+«
X | Arch Segments and Angles [Level 2-&r
Control Parameters for Changes to Mod € Mirrar
__] Matenial Definition Statements - D
E1-_] Material Definition 1 fin situ)
[ Material Contral ParametersMateric ' Masimum
- X | lzotropic Linear Elastic Parameters
_] Material Definition 2 [footing]

i |2
j Material Contral ParametersiMateriz Height of soil cover sbove crown of arch it

-+ %] lsotrapic: Linear Elastic Parameters Diermsity of sai above buncated arch 1120 lb/1"3

EI-__] M aterial Definition 3 [backfil)

| ] Material Contiol Parameters( aterie Trench depth IE'5 it

Duncan and Duncan/Selig Mode! B

.__] M aterial Definition 4 [Interface 1]

[ Material Contral Parameters(Materiz Slope of trench wall
Interface Angles
= _] Material Definition 5 [Interface 2]
:] b aterial Control Parameters(h ateriz

Interface Angles = 5
_J _Matemal Definition & [Interface 3] &I
taterial Control Parameters(M aterie
:] Interface Angles

.__] Material Definition 7 (Interface 4]

Material Control ParametersM ateriz
Interfare Anajes
<

[Menu Selected: Plat and Print Contral {Level 2-Arch) [Resetting menus

— Response data output

' Plus interface

— Mesh output
" Control

# Created data

Trench width

Figure 6-10 — Input Screen C-2
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Documents and Setting:

o Fle Edt Run  Wiew Tools  Window Help o x

DEEd &b DeRExE J
I ShowHelp I Shaw input gg Level 2- C-3

Arch and Footing Dimensions
Arch Mesh

|| Fine Defntion -8 & Totalrise of arch structure |90 in

E|_J Pipe Definition 1
Concrete Material and Strenath Prop Ore-halt of arch span ot fating level |11381 in

Cancrete Material Properties 2 l—
Concrete Reinforcing Steel Propertie Werlical rise of side segment 0 in
Concrete W’a\! Thickness and Reinfc Faating depth 20 i
-+ | Concrete Resistance Factors for LRF
J Solution Level Statements - C Outside foating width a0 in
Contral Parameters [Lewel 2-4rch] . . lw— .
Plot and Print Contral [Level 2-8rch) Inside faoting vidth [
Q| Arch and Faoting Dimensions [Level 24 Spacing factor for mesh grid around arch
X | Arch Segments and Angles [Level 2-4rch
Contral Parameters for Changes to Mode:
_J Haterial Definition Statements - 0
EI_J M aterial Definition 1 [in situ]
Material Control Parametersiiaterial ~
X | lsotropic Linear Elastic Parameters
1| | Material Definition 2 fanting]
Material Control Parametersd aterial
- ¥ | lsotropic Linear Elastic Parameters
_J Material Definiion 3 [backfill] Aceept Input Eaneel
-t | Material Control Parameters(hd aterial
i | Duncan and DuncandSelig Model P
el _J Material Definition 4 [Interface 1)
| Material Cantrol Parameters[t aterial
w | Interface Angles
-l J taterial Definition 5 [Interface 2|
i :‘ Material Control Parametersd aterial

i | Interface Angles
& _J Material Definition & [Interface 3]
-t | Material Control Parameters(hd aterial
:‘ Interface Angles
3 _J M aterial Definition 7 [Interface 4]

i e | Material Control Parameters(M aterial
J i lnkerdars bnale _Ij
4 —i »

[Menu Selected: Arch and Footing Dimensions [Level 2-arch) | Resetting menus

Figure 6-11 — Input Screen C-3
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o Fle Edt Run  Wiew Tools  Window Help o x
DEE &0 OmEE xR J
™ ShawHelp I Show input Q0 Lewel 2 - C-4
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Arch Mesh
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Cancrete Material Properties 2 R of second segment -2 & -

Concrete Reinforcing Steel Propertie
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Concrete Wall Thickness and Reinfc
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Control Parameters for Changes to Mode: Nodes assigned to segment 1 |E=I
-.J UL (N TR Tl Nodes assighed ta segment 2 plus segment 1 def
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X | lsotropic Linear Elastic Parameters
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_J Material Definiion 3 [backfill] Aceept Input Eaneel

-t | Material Control Parameters(hd aterial
i | Duncan and DuncandSelig Model P
el _J Material Definition 4 [Interface 1)

| Material Cantrol Parameters[t aterial

w | Interface Angles
-l J taterial Definition 5 [Interface 2|
i :‘ Material Control Parametersd aterial

i | Interface Angles
& _J Material Definition & [Interface 3]
-t | Material Control Parameters(hd aterial
:‘ Interface Angles
3 _J M aterial Definition 7 [Interface 4]

i e | Material Control Parameters(M aterial
J i lnkerdars bnale _Ij
4 —i »

[Menu Selected: Arch Segments and Angles (Level 2-Arch) | Resetting menus

Figure 6-12 — Input Screen C-4
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The automated finite element mesh will be modified using Level 2-extended to apply point loads
depicting a LRFD design truck at the ground surface above the crown of the arch. Figures 6-13
and 6-15 show the completed input screens for the Level 2-extended. Figure 6-14 shows the
calculation of the two dimensional out-of-plane live load through soil for use in the CANDE finite
element model for a Design Truck (HS-20) at the ground surface 2 ft above the crown of the

arch traveling parallel to the span of the culvert.

!:(:'W.,Du(uments and Settings'bpstrohman’Desktop’, Temp'Level2- ANALYS-LRFD-TREN-Arch-CONCRETE - [Input Cony .= ﬂi
ol Fle Edt Run  Yiew Tooks  MWindow  Help -8 x
DFE &0 068 E xR
" ShowHelp I Show input 0 _o | Level 2 - Cx-1

Modes, Elements and Boundary Condition Changes
Extended
ajlmep?pilglizszn 1 d Humber of nodes to be changed with new coordinates |0 3:
Concrete Material and Strength Prop Mumber of elements ta be changed with new properties |0 3:
Concrete Material Properties 2 —
Concrete Reirforcing Steel Propertie Murber of new loading/boundary conditions to be added i 3

Concrete Wall Thickness and Reinfc

Concrete Fesistance Factors for LRF X X
J Solution Level Statements - C Decreasing any value on this menu

Contral Parameters (Level 2:4ich) will resultin loss of data on subsequent

Plot and Print Control [Level 2-Arch] ‘Extended’ menus
Arch and Footing Dimensiong [Level 2-Ar
Arch Segments and Angles [Level 2-4rck
Control Parameters for Changes to Node:
_J M aterial Definition Statements - O
| Material Definition 1 (in situ]

Material Control Parameters(Material ~
X | Isotropic Linear Elastic Parameters
= _J Material Definition 2 [footing]

tdaterial Control Parameters{h sterial
i X‘ |sotropic: Linear Elastic Parameters
:| _J M aterial Diefinition 3 [backil) Aceept Input Eancel
Material Control Parameters(t aterial

Mote:

H Duncan and Duncan/Selig Modsl P:

:| J Material Definition 4 [Interface 1)

i Material Control Parameters(t aterial
Interface Angles

M aterial Definition 5 [Interface 2]
tdaterial Control Parameters{h aterial
Interface Angles

:| J Material Definition B [Interface 3]

i Material Control Parameterst aterial
Interface Angles

j J Material Definition 7 [Interface 4]

tdaterial Control Parameters{h sterial
J Iptartare Annl=] _IJ

[Menu Selected: Cantral Parameters For Changes ta Mades, Eld Resetting menus

Figure 6-13 — Input Screen CX-1
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Live Load Calculation

DISTRIBUTION OF LIVE LOAD THROUGH EARTH FILLS - AASHTO LRFD

Purpose:

This sheet demonstrates calculating the two-dimensional out-of-plane distribution of live load through
soil for use with CANDE FEM for a Design Truck (HS-20) traveling parallel to the span of the culvert.
AASHTO LRFD code references are shown in parenthesis.

NOTES

1. Input values shown

in grey.
2. :=indicates definition
| I | :

YT YRR of a variable.

‘ 1 " ‘ 3. = prints a previously
H=-20 5.0k 320k 320k 160k 16.0k defined variable.
H=-25 100k 40.0k 40.0k 200k 200k

Tandem 230k 250k 123k 123

Figure 1. AASHTO Design Truck (HS-20), Design Truck
plus 25% (HS-25), and Design Tandem

GENERAL PROPERTIES

Depth Of Fill/ COVET....ccciiiiiiiiii ettt Hg := 2ft
Bridge Dimensions:
Bridge Span.......ccccuveiieeiiiiiien et Span := 19ft + 9.625n
Design Truck:
AXIE LOAd......c.cviiiiei i Paxte == 32Kips
Tire LOAd.......cooivviiieee e Piire = %
Axle Width (distance between tires)............cccuveee.. Waxle := Bft
Tire Contact Area (LRFD 3.6.1.2.5)
Contact Width...........cocoierieiiiiiiie e Wire := 20in
Contact Length......ccccccveeviiiiiiiieeiiiiiiee e Liire == 10in

DESIGN FACTORS

Live Load Distribution Factor (LRFD 3.6.1.2.6)..........cccceeennes LLDF:=1.15 (Select Granular
Multiple Presence of Live Load (LRFD 3.6.1.1.2).......cccc........ mpf :=1.20 Backiill
Live Load Factor (Service 1).......oovvevvieiniiiiiiie e LL:=1.0

Figure 6-14 — Live Load Calculation
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Impact for Buried Components (LRFD 3.6.2.2)
H
Dynamic AllOWANCE...........ceeveeieeeeeiiiiiiieeeeae e, IM := 33.(1.0 _ 0,125_Ej
ft

Impact Factor

FOR DEPTH OF FILL GREATER THAN 2FT(LRFD 3.6.1.2.6)

72in

20in 201in

21t
¥

Use strip width forH = 2 ft

/Edeep_whee\ /Edeep_whee\

L/ AN

in

. Edeep_axle .
= l
Wheel Load Equivalent Distribution Width............. Egeep_wheel := Wrire + LLDFHg Edeep_wheel = 47.6in
Axle Load Equivalent Distribution Width................ Edeep_axle := Waxle + Wiire + LLDFHg Edeep_axie = 119.6in
. . L . Ptire'limp'mpf Ibf
Wheel Live Load Equivalent Distribution.............. LLdeep wheel'= —————— LLgeep_wheel = 503.2—
(no overlap) - Edeep_wheel B
. . L . F)axle'limp'mpf Ibf
Axle Live Load Equivalent Distribution................. LLgeep axle’=——— LLgeep_axte = 400.5—
(overlap) - Edeep_axle - in
. . L . i Edeep_axle
Determine Controlling Distribution...................... Llgeep:= | LLgeep_ wheel if Edeep_wheel <
(check wheel overlap) - - 2
i Ibf
Llgeep axie Otherwise LLgeep = 503.2—

in
Figure 6-14 — Live Load Calculation (continued)
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FOR DEPTH OF FILL LESS THAN 2FT

(LRFD 4.6.2.10)

Equivalent Axle Distribution Width..............

Axle Live Load Distribution.............ccccvvvnen.

Span

TWO-DIMENSIONAL LIVE LOAD - (SERVICE |)

Two Dimensional LiVe ......cccceeeviiieiiiiiiiiienns

If Modeling Full Structure:

Number of Elements Over Wheel Length

Load per Interior Node.........cccceeeeeiiiieennn.

Load per Exterior Node...........ccceevvvvveennnns

Apply Wheel Load in Increments................

(fewer convergence issues)

Load per Interior Node per

Construction Increment............cccccceeeeennn.

Load per Exterior Node per

Construction Increment..............cvvvveeeeennnn.

Eshallow := (96 + 1.44Tj.in

Eshallow = 124.5in

Paxte limp- mpf Ibf
............ LLShEi“OW =——— LLShEi“OW = 3847_
Eshallow n
. Ibf
---------- LL2D = LLshaIIow if HE < 2ft LL2D = 3847_
n
Llgeep if He > 2ft
................ Nelems := 2 (3 nodes)
use equal mesh spacing
Llyp Ibf
............. Iint.node = |int.node =192.36—
elems in
lint.node Ibf
............ Iext.node = |ext.node =96.18—
2 in
............ Ncon.wheel == 4
LLp
"""""" Iint.node_per_con_incr =
Ncon.wheel Nelems
Ibf
Iint.node_per_con_incr = 4809?

For this problem, the interior node is on the plane of symmetry.
Use half of the load above if modeling half the structure.

| hntnode
lext.node_per_con_incr-—

2:Neon.wheel

Ibf

Iext.node_per_con_incr = 24-05__

Figure 6-14 — Live Load Calculation (continued)
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Figure 6-15 demonstrates adding nodal loads to 2 nodes to represent a LRFD design truck at
the ground surface 2 ft above the crown of the arch. The node numbers are identified in
Chapter 5, C-4 of the User Manual or can be obtained by making a trial run without the applied

load and then using the mesh plot.

Documents and Settings® vel2-ANALYS-LRFD-TREN-Arch-CONCRETE - [Input Commands:

Documents and Settings'b

=Ll x|

o' Fle Edt Run Miew Took  Mindow  Help

DM &h 06 HE xR

™ ShowHelp T Show input ol o | Lewvel 2 - Cx-4
Modal Loads and/or Displacements to be Applied
Extended
ED taster Control - & - Englefo
=[] Master Cantiel 1 Mode * Cond W Value ¥ Cond ¥ Yalue Skewer gfa”“
D Master Control 2 Bound Input P
EDLP—.I.T Definition - B 1 |224 DForce =||0 DForce x| -24.05 i E]
=] Pipe Defirition 1
Concrete Material and Strength Properti 2 |2 Qiioice J g Qiioice J ElL L
Cancrete Material Properties 2 3 |24 OFarce =[O DForce  x||-24.08 0
Concrete Reinfarcing Steel Properties 4 |2 (-Farce d ] (-Farce j 24105 0
Concrete Wall Thickness and Reinforce
Concrete Resistance Factors for LRFD 5 |25 DFerce ﬂ a BForce j 2408 1
[—]D Solution Level Statements - C E |25 (-Force j 0 (-Force j 24.05 0
: Control Parameters [Lewel 2-4rch]
7 |25 O-Force |0 O-Force = )|-24.05 0
| Plat and Print Control [Level 2-4rch] J J
| &rch and Footing Dimensions [Level 2-Arch__| » o8 |25 O-Force j 0 O-Force j 0

| Arch Segments and Angles [Level 2-4rch)
| Control Parameters for Changes to Nodes, E
Boundary Condition Changes
= D b aterial Definition Statements - O
ED Material Defintion 1 [in situ]
H Material Control Parameters(M aterial 1]
|zotropic Linear Elastic Parameters
D Material Definition 2 (footing]
taterial Control Parameters{h aterial 2]
: |sotropic: Linear Elastic Parameters
D haterial Definition 3 (backfill)
i Material Control ParametersM aterial 3]
Duncan and Duncan/Selig Model Para
Material Definition 4 (Interface 1]
I aterial Control Parameters{h aterial 4]
Interface Angles
D Material Definition 5 (Interface 2]
= H taterial Control Parameters{h aterial 5]
: Interface Angles
D haterial Definition & (Interface 3] Tab-Move ta next cell F2(or keystroke)-Edit Cell
T T ] Material Comtel .I;A,m,},,dM,‘,,,,f.Jilﬂ Aceept Input Caneel Shift-Tab-Move back acell Chl-A1-Tab-Exit data grid
L3

[

4

\Menu Selected: Boundary Condition Changes \Resetting MENUS

Figure 6-15 — Input Screen CX-4
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Documents and Setting: i Level2-ANALYS-LRFD-TREN-Arch-CONCRETE - [Inpul = il
o Fle Edt Run  Yiew Took  Window  Help

(W= = == e T i e |
[~ ShowHelp T Show input gg Material Definition - D-1

aterial Cantrol Parameters
=] J Fipe Definition - B d
EI__l Pipe Defirition 1
o | Conciete Material and StiengtF
Concrete Material Properties 2

Type 1-lsotropic-Linear Elastic ™
Caoncrete Reinforcing Steel Fro

Cancrete \Wall Thickness and F Densty |120 Ib/ft"3
Concrete Resistance Factors fc . lh

=3 J Solution Level Statements - C Matsl e

Control Parameters (Level 2Arch] Humber of layers [over burden anly] |10 3:

Plot and Print Contral [Level 2-Arch
Arch and Footing Dimensions [Leve
Arch Segments and Angles [Level |
Contral Parameters for Changes to
Boundary Condition Changes
= _J b aterial Definition Statements - O
J aterial Definition 1 [in situ] |
0| Matenial Control Parameters(tz
X | lsotrapic Linear Elastic Parame
__I M aterial Definition 2 [footing]

« | Matenial Contol Parameters(tde
- X | lzotropic Linear Elastic Pararme
=] __I Material Definition 3 (backfill)
td aterial Cantrol Parameters{h =
Duncan and Duncan/Selig Mo
J Material Definition 4 (Inteface 1]

H Material Control Parameters(t

-+ | Interface Angles
J aterial Defintion 5 (Inteface 2|

- | Matenal Control Parameters(Me
Interface Angles
__I M aterial D efintion 6 (Inteface 3]

« | Material Control Parameters(td e
= | Interface Angles
=] __I Material Definition 7 (Inteface 4) m
tdaterial Cantrol Parameters{h =
Interface Angles -

Material ID

|

Cancel Delete

[

|

\Menu Selected: Material Control Parameters{Material 1) \Resetting MENUS

Figure 6-16 — Input Screen D-1 for Material 1 — In Situ Soil
(Note: Repeat for Materials 2 and 3 with values provided in the ‘Problem Definition’)
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Documents and Setting: i Level2-ANALYS-LRFD-TREN-Arch-CONMCRETE - [Inp! = il
o Fle Edt Run  Yiew Took  Window  Help - 8 X

lEEd &k O HExR
[~ ShowHelp T Show input gg Iaterial Definition (lsotropic) - D-2

Elastic Parameters

=] J Pipe Defirition 1 -
i Concrete Material and Strength
Concrete Material Properties 2 ‘roung's modulus ISDDD psi
Corcrete Reinforcing Steel Pro - |U3—
Concrete Wall Thickness and F Paissan's i E
B Concrete Resistance Factors fo
= _J Solution Level Statements - C
Contral Parameters [Lewel 2-4rch]
Plot and Print Contral [Level 2-8rch
Arch and Foating Dimensions [Leve
Arch Segments and Angles [Level |
Control Parameters for Changes to
Boundary Condition Changes
= _J Material Definition Statements - O
E|__| M aterial Definition 1 (if gitu)
E taterial Control Parameters{hd =
|sotropic Linear Elastic Parame ™
__I Material Definition 2 (footing]
i td aterial Cantrol Parameters{h =
X | Isotropic Linear Elastic Parame
Material Definiion 3 (backfill]
Material Control Parameters(t Accept Input Cancel
-+ | Dunzan and Duncan/Selig Mo
J aterial Defintion 4 (Inteface 1]
- | Matenal Contral Parameters(Me
Interface Angles
__I M aterial Defintion 5 Inteface 2|
E I aterial Control Parameters{h =
Interface Angles
__I Material Definition B (Inteface 3]
i td aterial Cantrol Parameters{h =
Interface Angles
= J Material Definition 7 (Inteface 4]
Material Control Parameters(t
Interface Angles

5| Material Definition 8 (Inteface 5)
< | |

\ Sawving input File \Resetting MENUS

Figure 6-17 — Input Screen D-2 for Material 1 — In Situ Soil
(Note: Repeat for Materials 2 and 3 with values provided in the ‘Problem Definition’)
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Properties for material definitions 5 through 22 (Interfaces 1-19) will not be input manually.
These properties will be input using a shortcut method depicted in Figures 6-19 through 6-21.

As a result, proceed to Input Screen E-1.

Under LRFD load factor in Figure 6-18 enter the combined value of the load factor and load
modifier, i.e. — 1.35 * 1.05 = 1.42 for load steps 1 through 8 and 1.75 for load steps 9 through
12.

!:l::"w.pucuments and Settings' bpstrohman'Desktop’, Temp'Level2- ANALYS-LRFD-TREN-Arch-CONCRETE - [Input Commands: C:iDocuments and SetEingst) .- ill
o Fle Edt Run  iew Took Window  Help _ 8 x

‘DEE &0 D0 88 %R J
™ ShowHelp I Show input ol o | LRFD Load Factors E-1

Net Load Factor per Load Increment

:] ‘Materlal Coritrol Parameters(Material 12) ﬂ Statting Last Load
nterface Angles Load Step Load Factor Comment
__] _Malerial Definition 13 [Interface 10] Step
| Material Control Parameters(Material 13) 1 1 1.42 Factor for load step 1
\n.terface ..Angles 2 2 142 Factor for load step #2
__] tdaterial Definition 14 [Interface 11]
I Material Control ParametersiMaterial 14] 3 k] 142 Factar for load step #3
Interface Angles 4 4 142 Factor for load step 4
aterial Definition 15 [Interface 12|
:] Material Control P[ - ]} 1l 15) 5 ] 1.42 Factor tor load step #5
i i | Interface Angles [ B 142 Factor for load step HE
- __]_Malerial Definition 16 [Interface 13] 7 7 1.42 Factor for load step HF
il | Material Control Parameters(Material 16)
Interface Angles ) 8 1.42 Factar for load step S
__] taterial Definition 17 [Interface 14] 9 9 1.75 Factor for load step #3
j Material Contral Parameters(Maternial 17] 10 10 175 Factor for load step 10
- | Interface Angles
M atenial Defirition 18 [Interface 15) " " 175 Factar for Inad step #11
M aterial Contral Parameters(iaterial 18] 175 Factor for load step $12 ...

Interface Angles
aterial Definition 19 [Interface 16]
-] | Material Control Parameters(Material 19)
i Interface Angles
__] taterial Definition 20 [Interface 17]
I Material Cantral Parameters(Material 20)
- | Interface Angles
_] Material Definition 21 [Interface 18]
- | Material Control Parameters(b aterial 21)
4| Interface Angles
I aterial Definition 22 [Interface 19)
1] Material Cartrol ParametersiMaterial 22)
Lo | Interface Angles
[__] LRFD Defiritions - £
" LRFD Load Factors —

.
4 Y Accept Input | Cancel | Addrow | Delete raw |Shift—TabrMovebackace\I Chib&h-T abExit data grid

[aving input file [Resetting menus

ab-Move to nest cell F2lor keystroke-Edit Cell

Figure 6-18 — Input Screen E-1

When input using the graphic interface is complete, save the input file. Reopen in text input
mode by going to “File/open text input” to input the interface angles. The screen should look
like Figure 6-19.

NCHRP 15-28 — Tutorial Problem 6 -6-23-



E:E:"‘.,Ducuments and Settings'bpstrohman’Desktop’,Runs’, Temp'Levelz- ANALYS-LRFD-TREN-Arch-CONCRETE - [C=4D - =] x|

ol Fle Edt FRun  ¥iew Tools  MWindow  Help o x
DFE & 068 E xR
= Insert Command '2\‘ Row, Col = (27,5)
Cx-4!! 225 a 1} a -24.05 a El d
Cx-4!! 225 o 0 o -24.05 o pi}
Cx-4!! 225 a 1} a -24.05 a 11
Cx-4!! 225 o 0 o -24.05 o 1z
D-1!! 1 1 120in situ 10
D-2.Isotropic!! s000 0.35
D-1!! 2 1 120footing 10
D-2.Isotropic!! 3600000 0.17
D-1!! 3 3 1205W95 10
D-2.Duncan!! 1} 0.5 1
D-1!! 1 & 0 Inter # 1 1}
D-2.Interface!! o 0 1
D-1!! z & 0 Inter # Z 1}
D-2.Interface!! o 0 1
D-1!! 3 & 0 Inter # 3 1}
D-2.Interface!! o 0 1
D-1!! 4 & 0 Inter # 4 1}
D-2.Interface!! o 0 1
D-1!! 5 & 0 Inter # 5 1}
D-2.Interface! ! i 0 1 b
D-1!! 3 B 0 Inter # & 1}
D-Z.Interface!! o 0 1
D-1!! 7 B 0 Inter # 7 1}
D-Z.Interface!! o 0 1
D-1!! g B 0 Inter # & 1}
D-2.Interface!! a 1} 1
D-1!! 9 B 0 Inter # 9 1}
D-2.Interface!! a 1} 1
D-1!! 10 B 0 Inter # 10 1}
D-2.Interface!! a 1} 1
D-1!! 11 B 0 Inter # 11 1}
D-2.Interface!! i ] 1 =l
arme: [Eull 211Short Description:
Format: 14 Material Zone identification number
Units: integer Long Descriptian:
Colurmns: [2-5) Set | = material Zone number to be characterized in this set of D lines
: In Part © the continuum elements [quadrilaterals and triangles) have been assigned a material zone
Default: none.
number ranging from 1 up to 10, and interface elements have been assigned a materia
Range: 11029 =l
[zaving input File [Resetting menus

Figure 6-19 — Text Input Screen Before Being Modified

Once in this format, input the interface properties using the shortcut method described in

Chapter 5, D-2 of the User Manual. In this method, the interface angles are defined at only

three points along the radius of the arch: at the crown, at the point where the two radii intersect,

and at the last node before the node that defines the footing. These interface angles are

computed in the following manner:

Interface angle in the first arch segment, 6(i) = 90 - (i-1)*(A /(m-1))

Interface angle in the second arch segment, ¢(j) = 90 - A - j*(d /n)

where:

A = angle in degrees in segment 1 = 40°

4 = angle in degrees in segment 2 = 62.87°

m = number of nodes in segment 1 = 13

p = number of nodes in segment 2 =7
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Therefore:
Interface angle at crown, 6(1) = 90 - (1-1)*(40°/(13-1)) = 90°
Interface angle at intersection of radii, 6(13) = 90 - (13-1)*(40°/(13-1)) = 50°

Interface angle at node number p-1, ¢(6) = 90 - 40 - j*(62.87/7) = -3.89°

The modified text input file is shown in Figure 6-20.

E:I:"-.‘Projects"‘.,lJSlJSHH"‘.,050526.0IJ—I:NDE"‘.,TuturiaI"-.‘CANDE Tutorial Input Files - Ready for Review', Tutorial 6% LevelZ-AN - =] x|
ol Fle Edt FRun  ¥iew Tools  MWindow  Help o x
DFE & 068 E xR

= Insert Command '2\‘ Row, Col = (27,5)
Cx-4!! 224 o 0 o -24,05 o 1l d
Cx-4!! zz4 o 0 o -24.05 o 1z
CH-4!! 225 o 0 o -24.05 o a
Cx-4!!  zzs o 0 o -24.05 o pi}
CH-4!! 225 o 0 o -24.05 o 1l
CX-4!! 2zs o 0 o -24.05 o 1z
-1 1 1 120in situ 10
D-Z.Izotropic!! s000 0.35
D-1!! 2 1 150footing 10
D-2.Isotropic!! 300000 0.17
D-1!! 3 3 120595 10
D-Z.Duncan!! a 0.5 1
p-1' b s 0 Inter 4 1 i
D-Z.Interface!! 20 0.3 10
D-1!! 13 [ 0 Inter # 13 1}
D-Z.Interface!! 50 0.3 10
D-1''L 19 [ 0 Inter # 19 1}
D-2.Interface!! -3.89 0.3 10
E-1'! 1 1 1.35Factor for load step #1
E-1!"! 2 2 1.35Factor for load step #2
E-1"! 3 3 1.35Factor for load step #3
E-1!"! 4 4 1.35Factor for load step #4
E-1"! 5 5 1.35Factor for load step #5
E-1!"! 3 [ 1.35Factor for load step #6
E-1!1! 7 7 1.35Factor for load step #7
E-1!"! g a8 1.35Factor for load step #3
E-1!1! 9 9 1.75Factor for load step #9
E-1!"! 10 10 1.75Factor for load step #10
E-1!1! 11 11 1.75Factor for load step §11
E-1!"! 12 12 1.75Factor for load step #12
STOP =
-
Mame: [EaSl 211Short Description:
Format: 14 Material Zone identification number
Units: integer Long Descriptian:
Colurmns: [2-5) Set | = material Zone number to be characterized in this set of D lines
: In Part © the continuum elements [quadrilaterals and triangles) have been assigned a material zone
Default: none.
number ranging from 1 up to 10, and interface elements have been assigned a materia
Range: 11029 =l
[Menu Selected: Cantral Parameters for Changes to Mades, ElE Done

Figure 6-20 — Text Input Screen After Being Modified

After inputting the interface properties in the text input mode, save the file and then reopen the
problem as a regular CANDE file. There should now only be three interface material definitions

shown on the control panel on the left of the screen as shown in Figure 6-21.
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ol Fle Edt FRun  ¥iew Tools  MWindow  Help o x
D &n 00 HE >R
I~ ShowHelp [~ Shaw input Q _0 | Material Definition (Interface) - D-2
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=] _J Pipe Definition - B d
=k __I Pipe Definition 1
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Concrete Reinforcing Steel Pro
Concrete Wall Thickness and F Tensile breaking force of contact nodes I1 ki
Concrete Resistance Factors fo
=} J Solution Level Statements - C
- | Contral Parameters (Level 2-4rch]

Plot and Print Cantrol [Level 2-4rch
Arch and Footing Dimensions [Leve
Arch Segments and Angles (Level |
Contral Parameters for Changes to
Boundary Condition Changes
=3 J td aterial Definition Statements - O
EI _J Material Definition 1 (in situ]
Material Control Parameters(td 2
: Izotropic Linear Elastic Parame
- J Material Definition 2 (footing]
HE M aterial Control Parametersitiz
HI |sotropic: Linear Elastic Parame

__I haterial Definition 3 (backfill) Accept Input Cancel

Material Control Parameters(t

: Duncan and Duncan/Selig Mo
__I Material Definition 4 (Inteface 1]
I aterial Control Parameters{h =

I_I_

Material Definiion 5 (Inteface 2]
Material Control Parameters(td 2
Interface Angles
E| J Material Definition 6 (Inteface 3]
H Material Control Parameters(t
Interface Angles
=] _J LRFD Definitions - E
J LRFD Load Factors

=
a | o

[Menu Selected: Interface Angles [Dane

Figure 6-21 — Control Panel After Manually Inputting Interface Properties Using the
Shortcut Method (Similar for interface screens 2 and 3)

When all input is complete and saved, click “Run” and “CANDE-2007" on the main toolbar to
execute the program. This will open the “Running CANDE” window which will allow you to
monitor the run as it progresses. When the program is complete, a check box “CANDE Analysis
Complete” window will appear. Click “OK” and check if the “Running CANDE” window states
“Normal Exit From CANDE.” If an error has occurred, the program will identify the input line of
the error. Reopen the input file and review for mistakes — using the find option may assist in
locating the problem as the line numbers correspond to the CANDE error message. Click the
“Close” button in the “Running CANDE” window to return to the user interface.
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6.3 Reviewing and Interpreting the Output

Now proceed to check the output file. Tools to assist in this process are the mesh plot and
graphs available under the “View” menu on the main toolbar. Users should explore the use of
the buttons on the toolbars of the mesh plot screen. Element and node numbering, material
information, boundary conditions, and construction increments may all be added or removed

from the plot. The “Plotting Parameters” button allows the user to:

° change the magnification of the deflections,

° eliminate the magnitude of early deflection/stress values - for example the deflections
and stresses due to the self weight of the in situ soil may not be of interest, or the user
may wish to see only the deflection/stress due to a live load condition, and

° change colors or add increment identifiers.

Begin with the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Open the
plotting parameters menu and click the check box “Show constr. increment numbers.” Click
“OK,” set Load Increment to 8 to show the entire mesh and click the toolbar icon to turn on the

construction steps. The mesh plot should look like Figure 6-22.
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E:E:"‘.,Ducuments and Settings'bpstrohman’Desktop’,Crap' Tutorial 6% LevelZ2-ANALYS-LRFD-TREN-Arch-CONCRETE - [Mesh Plotting: C: - =] x|

o Fle Edt Run  view Took  Window  Help o x
DFE & 068 E xR
Eg Hl B, Mo L Ry ‘Daﬂect\ons oad i Allwc M5 R R |
=]
I
=
L4 Il ol
Coordinates: x = 74.72, y = 321.07 | Couldn't set scale
[Menu Selected: Master Contral 1 Dane

Figure 6-22 — Mesh Plot for Load Steps 1to 8

To check the boundary conditions, click on the toolbar icon labeled “B” to turn on boundary
conditions. Note that the blue dots represent horizontal rollers, the green dots are pins, and the

red dots are the applied live load. Set the Load Increment 12 and the mesh plot should look like
Figure 6-23.
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!:(:'ﬂ.,Ducun1ents and Settings'bpstrohman’Desktop’, Tutorial6LZCONC-ANALYS-LRFD-TREN - [Mesh Plotting: C:\Documents and Si = ili
o Fle Edt Run  Wiew Tools  Window Help o x

NEEEh DD BEAE
fm M4 B, "EE&‘DBHechons TG

[0 2 ||® 8 o4 5 R ,
L
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conditions
tlﬂﬁlﬂﬂw ]
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L4 1 ]
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[Menu Selected: LRFD Load Factars [Done |

Figure 6-23 — Mesh Plot including Boundary Conditions - Load Step 12

To view vertical strain, open the plotting parameters window and set the deflection magnification
factor to 10 (see Figure 6-24).

gl

Mesh Coloring —— [ Maagnification Factors ———— 1 Boundary conditions —— — Material: and Construction Incrments —

= . ¥ Show farce baund v i
- Element text calor Dieflection o force boundary ¥ Show material numbers
¥ Show other boundary

- Elemert line colar I 5 Boundary diameter - F aterial nuriber text calaor

IV Show constr. increment numbers
- MHode text calor .
- Canstr. increment text colar

— Element Humbering ——— [ Mode numbering
¥ Interface numbering ¥ Interface numbering
- Beam element color ¥ Beam numbering ¥ Beam numbering [ lanare deflzctiorss
Beam element thickness ¥ Triangular element numbering IV Triangular nade numbering I lgnare deflections by load inar.

|-| .I ¥ Quad element numbering ¥ Quad node numbering
I 1 3: Load increment

(]9 | Cancel |

Figure 6-24 — Mesh Window Plotting Parameters
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Select “OK” to close the window. Click the icon to “Turn on/off selected output results” and set
the drop down box to Vertical Strain. Set the increment to 12 and the screen should look like
Figure 6-25, which also shows the deflected mesh geometry. Other mesh output parameters

can also be inspected to determine if the results are consistent with the design intent.

!:(:'W.,Du(uments and Settings' bpstrohman'Desktop’, Tutorial6LZCONC-ANALYS-LRFD-TREN - [Mesh Plotting: C:\Documents and Setti .= ﬂi
o Fle Edt Run  Miew Tools MWindow Help - 8 x
DEE & OO 88 xH J
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=

Scale for “ertical Strain’

0.00007
-0.00081

-0.00165
-0.00255
-0.00343
-0.00430
- -0.00517
-0.00605
= -0.00692
-0.007a80
-0.00867
| -0.00954
‘ -0.01042
|
Kl [ I
Coordinates: x = 615,93, y = 350,51 Couldn't set scale
[Menu Selected: LRFD Load Factars [Done |

Figure 6-25 — Vertical Strain Load Step 12

Similarly, using the “View CANDE Graphs” button on the toolbar or selecting “View/Graphs” the
user can explore the forces in the culvert itself. Figure 6-26 compares the bending moments
after three increments. This is accomplished using the “Plot multiple load steps” icon at the far
left of the toolbar to uncheck “Show single load step” and check Load Steps 3, 6, and 9, then
“OK.” The “Turn on/off view of pipe” icon on the right side of the toolbar, allows showing the
pipe and the node numbering to assist in interpreting the graph. Turn on the view of the pipe
and set the drop down box to “Bending moment” and the screen should appear as Figure 6-26.
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Figure 6-26 — Bending Moments for Load Steps 3, 6, and 9

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file. Again the file should be inspected for signs of errors or incorrect input. Using the control
window on the left the user can select to review the system input data or the design assessment
(Figure 6-27) by clicking on the appropriate node of the ‘Table of Contents’ browser shown on
the left side of the output viewer. The design assessment is printed after every load step so that
the designer can assess the progress of the design. Figure 6-27 shows the final assessment
printed at the end of the file. Figure 6-28 displays the ultimate beam element forces for the final
earth load step, load step 9 (Dead Load Only). Note that information from this figure will be
used later in this tutorial in the live load rating calculation.
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Figure 6-27 — Desigh Assessment Summary — Load Step 12
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Figure 6-28 — Ultimate Beam Element Forces for Load Step 9
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One additional tool is the Results Generator which can be used by selecting “View/Results
Generator” or the “Start CANDE Results Generator” button. Figure 6-29 shows the Results
Generator input screen set to obtain deflection and moment data from the full output file. After
selecting the desired output criteria, click the “Generate/Preview” button in the lower left corner
of the window. A portion of the report with the desired data is shown in Figure 6-30. The three
tabs shown in Figures 6-29 and 6-30 are described in the following:

o General/Mesh Output — allows the user to request to view general mesh output such as
thrusts, shears, bending moments and nodal displacements in the beam elements,
interface element forces and displacements, and stresses and strains in the remaining

mesh elements.

e Beam Output — allows the user to select to view more detailed output within the beam

elements such as maximum fiber stresses, strain ratios, etc.

o Report Preview — displays the desired report.

-ibix

GeneralMesh Dutput | Beam Dutputl Report Previewl
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Figure 6-29 — Results Generator Input Screen — Load Step 12 Moments and Deflections
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Figure 6-30 — Results Generator — Load Step 12 Moments
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Live Load Rating Procedure

After the user has reviewed the results from CANDE, the live load rating can be evaluated using
the CANDE output. The live load rating procedure utilizes service loads and therefore, for this
problem the user must modify Input Screen E-1 as depicted in Figure 6-31 and rerun the

analysis.
!:l::'ﬂ.,Ducun1ents and Settings'bpstrohman'Desktop’, Tutorial6L2CONC-ANALYS-LRFD-TREN - [Input Commands: C:\Documents and Settingstbpstrohn .= ﬂl
o Fle Edt Run  view Took  Window  Help - 8 X
FE &h D0 EE >R J
B ety (B Sl 0 0 LRFD Load Factors E-1

Met Load Factor per Load Increment

=-{_| Pipe Definition 1 || [starting
: Concrete Material and Strengtk Load
Concrete Material Properties 2 Step
Concrete Reinfarcing Steel Pro
Concrete Wall Thickness and F
Concrete Resistance Factors ko
= __] Solution Level Statements - C
| Control Parameters (Level 2:8rch)
Plot and Print Cantrol [Level 2-4rch
Arch and Footing Dimensions [Leve
Arch Segments and Angles [Level |
Control Parameters for Changes to
Boundary Condition Changes
=3 __] I aterial Diefinition Statements - 0
Material Definition 1 (in situ]
tdaterial Cantrol Parameters{h =
Isotropic: Linear Elastic Parame
M aterial D efinition 2 [footing]
:’ taterial Control Parameters{t =

Last Load

G Load Factor Cormiment

Factor for load step §1 .

Factor for load step §2 .

Factor for load step #3 .

Factor for load step H4 .

Factor for load step #5 .

Factor for load step H7

Factor for load step #8 .

Factor for load step #9 .

Factor for load step #10 .

1
1
1
1
1
1 Factor for load step HE
1
1
1
1
1

u;

Factor for load step #11 .

0l

1 Factor for load step #12 .
|sotropic: Linear Elastic Parame
_J haterial Definition 3 (backfill)
Material Control Parameters(t
B Duncan and Duncan/Selig Mo
EI __] Material Definition 4 (Interface 1]
G Material Control Parameterstz
i Interface Angles
__] haterial Definition 5 (Interface 2|
Material Control Parameters(tz
Interface Angles
=2 _] Material Definition B [Interface 3]
i Material Control Parameters(t 2
Interface Angles
=) __] LRFD Definitiars - E
_] LRFD Load Factors —

Tab-hiove to nest cell F2{or keystroke]-E dit Cell
" | " Accept Input | Cancel Add row Deleteow | Spif.T abMave back a cell Cil-4lt-T ab-Exi data giid

\Menu Selected: LRFD Load Factors \Done

Figure 6-31 — Input Screen E-1, Modified for Live Load Rating Calculation

After modifying input screen E-1, save the file, click “Run” and “CANDE-2007" on the main
toolbar to execute the program. This will open the “Running CANDE” window which will allow
you to monitor the run as it progresses. When the program is complete, a check box “CANDE
Analysis Complete” window will appear. Click “OK” and check if the “Running CANDE” window
states “Normal Exit From CANDE.” If an error has occurred, the program will identify the input
line of the error. Reopen the input file and review for mistakes — using the find option may
assist in locating the problem as the line numbers correspond to the CANDE error message.

Click the “Close” button in the “Running CANDE” window to return to the user interface.
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The live load rating will be determined for the moment and shear forces at the crown of the arch
(Beam Element #1). A live load rating calculation requires the service dead load and live load

components for each the moment and shear forces.

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file to find the information needed to calculate the live load rating.

The following section describes where in the output file the information needed to calculate the
live load rating was extracted (Figure 6-35 depicts the live load rating calculation and details
how this extracted data was used). Figure 6-32 displays the service beam element forces for
the final earth load step, load step 9 (Dead Load Only), and highlights the values extracted for
the live load rating calculation. Figure 6-33 shows the service beam element forces for the final
load step, load step 12 (Dead Load + Live Load), and highlights the values extracted for the live
load rating calculation. Note Figure 6-28 is shown again below as Figure 6-34 for the purpose
of displaying the extracted information for the live load rating calculation. Figure 6-35 shows the
calculation of the live rating load rating for the moment and shear forces at the crown of the arch
(Beam Element #1).
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Figure 6-32 — Service Beam Element Forces for Load Step 9, Showing

Values Extracted for Live Load Rating Calculation
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Figure 6-33 — Service Beam Element Forces for Load Step 12, Showing

Values Extracted for Live Load Rating Calculation
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INTERFACE ELEMENT OUTPUT FOR LOAD-STEP 9

INTERFACE ELEMENT FORCES (lbs/in) AND DISPLACEMENTS {in)
N = NORMAL DIRECTION, T = TANGENT DIRECTION

ELEMENT  INTERFACE STATE OF INTERFACE NODE (I) HODE ()
HUMBER. ANGLE INTERFACE H-FORCE N-DISP. H-DISP.
T-FORCE T-DISP. T-DISP.
4 | | =l
[Menu Selected; LRFD Load Factors [Done |

Figure 6-34 — Ultimate Beam Element Forces for Load Step 9 (same as Figure 6-28,

Except Showing Values Extracted for Live Load Rating Calculation)

NCHRP 15-28 — Tutorial Problem 6 -6-40-



Load Rating Calculation

LOAD RATING - AASHTO MANUAL FOR CONDITION EVALUATION OF BRIDGES

Properties

The following template shows an example load rating calculation for the reinforced concrete arch in

Tutorial Problem 6. The Loads used for the load rating are the AASHTO HS-20: Single Unit Truck.

Note: All references apply to AASHTO 2000 Manual for Condition Evaluation of Bridges Second

Edition unless otherwise noted.

Width of section being designed (not wall thickness)
Design compressive strength of concrete

Yield strength of steel reinforcement

Load factor for dead loads

Load Factor for live load inventory loads

Load factor for live load operating loads

Load factor for live load legal loads at operating level:

Resistance factor for flexure
Resistance factor for shear

Arch crown radius

Design Data at Example Section

NOTES
) 1. Input values shown
b =12in-ft in grey.

2. := indicates definition
fep = 5-ksi of a variable.

3. = prints a previously
fy := 65ksi defined variable.
A;:=13 Section 6.5.3
Ay iy =217 Section 6.5.3
Az oper=1.3 Section 6.5.3
A2 Legal oper=1.3 Section 6.5.3
¢:=1.00 AASHTO 17th ED.

Section 16.4.6.3
¢, :=0.90
ry ;= 157in

Moment and shear load rating factors are determined at the arch crown (beam element #1)

for these example calculations.

Dead Load Service Moment

Dead Load and Live Load Service Moment

HS-20 Live Load Service Moment

Dead Load Service Shear

Dead Load and Live Load Shear

HS-20 Live Load Service Shear

Ibf-in (From Figure 6-32,
b= in  Beam Element #1)

’ Ibf-in  (From Figure 6-33,
Mpc_LLi=9199="= Beam Element #1)

ML Hs20=Mpc L~ Mbpc

Ibf-in

MLL_Hs20= 3931——

’ Ibf (From Figure 6-32,
Vpe = 13.52F Beam Element #1)

Ibf (From Figure 6-33,
Vbe LL= 4257? Beam Element #1)

VLL_Hs20=VDc_LL~ VDC

Ibf
VLL_Hs20= 29157~

Figure 6-35 — Live Load Rating Calculation
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Ibf (For Moment and Shear

Ultimate Dead Load Thrust Nyp = 5355? Calculations, From Figure
6-35, Beam Element #1)
.2 . .

. . in (All Reinforcing Data
Inside Steel Area at Arch Crown, Al (For Moment Calculations) Asf_Al = 0_022F From Model Inputs)
Depth of Inside Steel From Outside Face of Arch d :=14.7in
Element Thickness at Arch Crown h := 16in

.2
Outside Steel Area at Arch Crown, A3 (For Shear Calculations) Ag:= 0,0222
in
Depth of Outside Steel From Inside Face of Arch dy := 14.7in
Compute Nominal Moment Resistance: Strength Limit State | (AASHTO 17th ED 16.4.6.6)
. . . . fcp
Bp=i fCp < 4-ksi,0.85,i fcp > 8ksi, 0.65,0.85— 0.05 k_ -4
Si
g].:fcpbBl 91=4k5|
Nominal Moment Resistance: Al steel section
91-Nooh = Acg aq 22+ 286 aq-fordrgrd = 2Acs aq-fo-N 1 = Njii2
1 31 %Nul™ ~ Psf AL At ALy PY91Y T 4 At ALy Nul T Bul Kip-in
M, = = SAL Y SALY SAY BB my = 207874000
M .
u Kip-in
M, = — M, = 297.95
) ft
Design Load Rating
Design Inventory Rating Factor
RF _ Mo~ A1Vpe RF 2.11
design_inv -~ design_inv ~ <
on- A2 invMLL_Hs20 an-
Design Operating Rating Factor
RF #Mn ~ ArMpc RF 352
design_oper = design_oper =
NP Ay operMLL_Hs20 anop
Compute Nominal Shear Resistance: Strength Limit State | (AASHTO 12.10.4.2.5)
. . A3z
Reinforcement ratio at A3 Steel P prov = b_d2 P prov = 0.001
in-kip

Factored Moment at A3 Steel My = 1371

Factored Shear at A3 Steel Vv, = 15_57%
t

Figure 6-35 — Live Load Rating Calculation (continued)
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Moment for M/, 4 ratio M

M//4 ratio

Shear capacity at A3 Steel

Vy_p = mirf dy-b-dy- [TepPsi-(L1+ 63p oy )

Nominal Shear Resistance Vo= —=

Design Load Rating

Design Inventory Rating Factor

&V —A1VDe

A2 inv'VLL_HS20

RFV/design_inv =

Design Operating Rating Factor

&V —A1Vbe

A2_oper'VLL_HSZO

RF\/design_oper =

Load Information

Design Load
Weight of HS-20 Design Truck

4h—d o .
2 , O.m kip Moy = 1x 103 in-kip
8 ft ft
24-h = in 4
. ,4.5 /f -psi-d
dy MVD + 1 cprPe 2
1+ ————
21+ 0.5h
Vp, = 13.2m
ft

WHSZO := 36ton

Example Calculation of the Load Rating Summary

R':Vdesign_inv =153

R':Vdesign_oper =256

Note that this is not the load rating of the structure. This is only an example calculation based
on the the calculations shown for sections at the crown and the haunch.

Load Rating Summary

Inventory s := W50 Min( RFgesign_inv »RFvdesign_inv)

Operatingyg := WHSZO'mi”(RFdesign_oper : RFVdesign_oper)

Inventory g = 75.9ton

Operating g = 126.6ton

Figure 6-35 — Live Load Rating Calculation (continued)
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7. CANDE TEST PROBLEM 7
7.1 Problem Definition

Analyze a 120 in. x 84 in. reinforced concrete box culvert with standard ASTM steel placement
with 2 ft of fill over the top of the culvert using LRFD analysis. The problem is shown
schematically in Figure 7-1. The analysis will be with Level 2, using an automated finite element

box mesh for an embankment installation.

Height of soil cover

Horizontal culvert = 120 in. G BRI = & I

Backfil \ B0 in 84 in.

Bedding

Figure 7-1 Details of Problem 7

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each

design.

Type of analysis - Analysis
Method of analysis/design - LRFD
Solution level - FEM-auto mesh (Level 2)

Canned mesh type - Box mesh
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Soil mesh pattern - Embankment

Pipe material type - Concrete

Reinforcement shape - Boxes

Soil parameters - Canned Duncan/Selig soil models except as noted:

In situ soil - Canned Isotropic-Linear Elastic, Young’'s modulus = 2,500 psi,
Poisson’s ratio = 0.25

Bedding soil - SW 95, LRFD stiffness control = 0, Moduli averaging ratio = 0.5,
soil model = Duncan/Selig formulation

Backfill soil - SW 95, LRFD stiffness control = 0, Moduli averaging ratio = 0.5,
soil model = Duncan/Selig formulation

Soil density - 120 Ib/ft? for all soils
Compressive strength of concrete (f'c) - 5,000 Ib/in.?
Shear strength equation - Boxes/3-sided < 2 ft fill (AASHTO 5.13.3.6)
Concrete strain at tension rupture - 0.0 in./in.

Note: Assuming zero tensile strength for the concrete assures the design will
be for a cracked section.

Compressive strain at end of elastic range - 0.001 in./in.
Compressive strain at the initial strength limit - 0.002 in./in.
Unit weight of concrete for body weight - 150 Ib/ft®

Crack width model - Gergely-Lutz

Analysis Mode - Small deformation

Yield stress of reinforcing steel - 65,000 Ib/in.2
Inner surface spacing between rows of rebar - 2 in.
Outer surface spacing between rows of rebar - 2 in.
Number of inner cage layers of reinforcement - 1
Number of outer cage layers of reinforcement - 1

Type of reinforcement - Deformed wire
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Nonlinear material behavior - Option 3 plus steel yielding behavior
Nominal concrete wall thickness - 10 in.
Top / side / bottom slab concrete thicknesses - 10 in.

Vertical / horizontal haunch dimensions - 10 in.

Steel area for outer sidewalls and connecting slabs - 0.0208 in.%/in.
Steel area for inner wall of top slab - 0.0458 in.%/in.

Steel area for inner wall of bottom slab - 0.0242 in.%in.

Steel area for inner wall of side slabs - 0.02 in.2/in.

Ratio of AS1 length to one-half the span length - 1.0

Uniform concrete cover thickness to all steel centers - 1.5 in.

Number of construction steps - See User Manual, Chapter 5, C-2 — The default mesh
provides 4 construction steps to the top of the box
culvert. For the 2 foot height of soil cover above the
box, use 2 additional construction steps, making a
total of 6.

One half of horizontal span - Horizontal distance from the vertical centerline of the box
culvert to the vertical centerline of the wall = 120 in./ 2 +
10in./2=65In.

One half of vertical rise - Vertical distance from the horizontal centerline of the box
culvert to the horizontal centerline of the wall =84 in. / 2 +
10in./2 =47 in.

Height of soil cover above box - 2 ft

Density of soil above truncated mesh - 120 Ib/ft®

Bedding depth - 12 in.

LRFD load factor - 1.35

Load modifier - 1.05 (non-redundant for earth load)
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7.2 Creating the CANDE Input Document

Figures 7-2 through 7-4 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 3, CANDE wiill
display a screen indicating that an input path is initiated - click “Finish.” The user is prompted

for a filename and directory.

Main Input Control Paramters Y ]
Control Information
—Typeofanalyss —————————————— —Level 2 Specific C AN D E
¥ Anaysis r— Canned mesh type Sol mesh pattem
o Do " Pipemesh ' Embankment
. {* Boxmesh " Trench 2 OO 7
—Method of anayzis/design——————
& R " drchmesh ' Homogerious | _I_ W' d
_ NPUT WiZAr
 Semice i Interface elements (pipe only) =
{* Piaesal
— Solution level r - -
£ Elesticty Level 1 Trstetrinity Welcome to the CANDE input Wizard!
o P o el ' Hore You will enter some basic information
LR about your model and CANDE wil
" FEM-user mesh [Level 3] prepare a starter input document that you
MOD-Make changes to the basic mesh tan custormnize for your lparticular model.
Use the auto-generate option for After S complete th? input for each
the interface elements IU 3; Number of rodes b change screen in the Input Wizard, press the
. Mext' button until you have reached the
IU 3 Humber of elements to change end. Once completed, press the 'Finish’
; IU 3: Number of new loading/baundany conditions buttan ta enter the CANDE input menus. |
1 32 N|_umb|eé of |‘3'|33 slement groups Control Information
el Jauy, On the contral information screen, enter
- : key information regarding the type of
|New|nput file Heading for output madel, method of analysis, stc. J
<< Frey | Mest > | Firiist | Cancel | Press 'F1' far help

Figure 7-2 — Input Wizard, Screen 1
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& Main Input Control Paramters

CANDE

2007
Input Wizard

Pipe Material Information

Enter infarmation on this screen related to
the Pipe Material chosen. For Level 1 and
2 iype models, only one pipe material is
entered

For Level 3 models, this screen will be
repeated M times, where M is the "Number
of pipe element groups" entered on the
"Contral Information” screen

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chosen

Figure 7-3 — Input Wizard, Screen 2
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8 Enter the soil material information ) [m] o4
Soil Properties

’ . Select ‘wanned' or User' sol parameters
oot (5o models 3, 4, and 5 onl] CAN D E
Sail 1-in situ 1 satropic-Linear Elastic j LCanned

Soil 2bedding IDuncan/Selig j Canned 2 O O 7

J Sl 3backfl : I Lanned

Input Wizard

a0il Properties Information

Enter information on this screen related to
the Soil Properties. This screen is only
applicable for Levels 2 and 3.

For Level 2 models, the number of soil
madels is predetermined by CAMDE.

For Level 3 models, the number of soil
madels is input on the "Level 3
Infarmation" screen.

Set the Soil Material Model type along
with informatian related to the type
chosen. Specific soil names and
properties will input on the main CANDE
input screens once the input wizard has = |

<< Prey | Hest »» | Finish | Cancel | Fress 'F1' for help

Figure 7-4 — Input Wizard, Screen 3

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 7-5.
Enter an appropriate heading for output and click “Accept Input.”
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!:IZ:"»,Dncuments and Settings'bpstrohmanDesktop’ Level2-ANALYS-LRFD-EMBA-Box-CONCRETE - [Input Commands: = il

o Fle Edt Run  ¥iew ‘Window Help - 8 x
DzE &h 00 W& %R
I ShowHelp T Show input ﬂg Master Cantrol A-1
— Type of analpsis
e __I Master Control - & = Snalysis [
=] J Master Control 1 ) Design
J Master Control 2
C Jf"je Ll Tl ~ Methad of analysis
= Pipe Definition 1
Conciete Material and Strength P & LGFD
Conciete Material Properties 2 1 Service
Concrete Reinfarcing Steel Proper
Concrete Wall Thickness [Box She | [~ Selution level
Concrete Feinforcement Propertie: £ Elasticity [Level 1)

: Concrete Resistance Factors for L
I'_'I __I Solution Level Statements - C 1 FEH-auio mesh (Level 2
; Contral Parameters (Lewel 2-Box] £ FEM-user mesh [Level 3]
X| Control Yariables and Installation Dime

EI __I M aterial Defirition Statements - 0 -
b aterial Defirition 1 (in situ) INEW Inut fie Heading for cutput

M aterial Control P. M ater =
X | lsotrapic Linear Elastic Parameters |1 j M 5 @ G ! s

I_I_

E| J Material Defintion 2 (bedding] . .
j M aterial Canlral Parametersibaten |3D M aximum number of iterations/step
H Duncan and Duncan/Selig Model
E| J Material D efinition 3 (backfill) IU Culvert [D (Frocess 1250)
o= taterial Control Parameters{M ater IU Process ID [Process 12:50]
E Duncan and Duncan/Selig Model
B J LRFD D efiniions - E ID Subdomain 1D [Process 12-60]
J LRFD Load Factors
Accept Input Cancel
| | |
\Menu Selected: Master Cantral 1 \Done

Figure 7-5 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 7-5 shows “X" for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 7-6 through 7-14 show the completed input for
the screens requiring data for the tutorial, except that only one material definition screen is
shown. Input the remaining definition screens. As input is modified, a ‘blue circle’ icon will
appear in the menu input tree. This is a visual indicator that some input on that menu has been
modified. After completing each screen, click “Accept Input” and the blue circle in the control
panel will disappear indicating all fields have data.
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- | Master Control - &
E-D Master Contral 1

“ ] Master Conrol 2
___| Pipe Defirition - 8
=] Pipe Defirition 1

Concrete Material Properties 2
Cancrete Reinforcing Stesl Froper
Concrete Wall Thickness [Box She
Concrete Reinfarcement Propertie:
Conciete Resistance Factors for L
D Solution Level Statements - C
H Control Parameters [Level 2-Box)
Control Yanables and Installation Dime
=3 D I aterial Diefinition Statements - 0
=] D Material Definition 1 (in situ]
tdaterial Cantrol Parameters{h ster
|sotropic Linear Elastic Parameters
D M aterial D efintion 2 (bedding)
- taterial Control Parameters{t ster
Duncan and Duncan/Selig Modsl
D haterial Definition 3 (backfill)
Material Control Parameters(M ateri
- Duncan and Duncan/Selig Model

=} D LRFD Defiritiars - E
D LRFD Load Factors

Figure 7-6 — Input Screen B-1
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- | Master Control - &
E-D Master Contral 1
“ ] Master Conrol 2
___| Pipe Defirition - 8
=] Pipe Defirition 1
" | Concrete Material and Strength Pr

Cancrete Reinforcing Stesl Froper
Concrete Wall Thickness [Box She
Concrete Reinfarcement Propertie:
Conciete Resistance Factors for L
D Solution Level Statements - C
H Control Parameters [Level 2-Box)
Control Yanables and Installation Dime
=3 D I aterial Diefinition Statements - 0
=] D Material Definition 1 (in situ]
tdaterial Cantrol Parameters{h ster
|sotropic Linear Elastic Parameters
D M aterial D efintion 2 (bedding)
- taterial Control Parameters{t ster
Duncan and Duncan/Selig Modsl
D haterial Definition 3 (backfill)
Material Control Parameters(M ateri
- Duncan and Duncan/Selig Model

=} D LRFD Defiritiars - E
D LRFD Load Factors

Figure 7-7 — Input Screen B-2

NCHRP 15-28 — Tutorial Problem 7 -7-9-



Documents and Setting, Desktoph Temp'Level2-ANALYS-LRFD-EMBA-Box-CONCRETE - [Input Commands: C: .- ili

ol Fle Edt Run  Yew Took Window Help -8 x

DEEHEh Do uE xR
™ ShowHelp I Show input 2'2' Material (Concrete) B-3

Reinforcement Steel Placement and Properties

EI__] Master Contral - & Reinforcement shape
E-'_J_Masler Control 1 ) Gk
_ . _] Master Contral 2 o
[ ] Fipe Defirition - E € Eliptical
= _J_PIDB Definition 1 © frbirary
1| Concrete Material and Strength Pro P
Concrete Material Properties 2 * | Bioves
Cancrete Reinforcing Steel Properti
Cancrete 'wall Thickness [Box Sha Yield stress of reinforcing steel IBEDUU psi
Concrete Reinforcement Properties
_ < | Conciete Resistance Factors for LF Young's modulus of reinforcing steel |2SDDDDDD psi
=} __] Solution Level Statements - C L IU_3
:] Control Parameters (Level 2-Box| TS ER
[ X] Cantral Yariables and Installation Dimer Inner surface spacing between rows of rebar |2 in
EI__] I aterial Defirition Statements - D
k . |2 .
=] _J Material D efiriian 1 fin sitw) Outer suface spacing between ows of rebar in
tdaterial Control Parameters(h ateriz |1 3
Mumber of inher cage layers of reinforcement =
|zotropic Linear Elastic Parameters
5 __] Material Definition 2 [bedding) Number of outer cage layers of reinforcement I1 3:
1| Material Cantrol Parameters(t aterie .
| Duncan and Duncan/Selig Mads! f i~ Type of reinfarcement
E|--_J Material Definition 3 (backfil) " Smooth wire or plain bars

: Material Control ParametersMateriz & |

_ :i Duncan and Duncan/Selig Model F it o el e

= __] LRFD Definitions - E " Deformed bare or with stitups
_] LRFD Load Factars

i~ Monlinear behavior selection

" Concrete cracking
" Plus concrete yielding and plastic behavior

' Plus steel yielding behavior

Accept Input | Cancel

K| | |

[Menu Selected: Concrete Reinforcing Stesl Properties [Resetting menus

Figure 7-8 — Input Screen B-3
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" c:\Documents and Setting:

" | Master Contral - &
E-D aster Contral 1

] Master Cormrol 2
D Fipe Definition - B
= D Pipe Definition 1

]| Concrete Material and Stength Pro

Concrete Material Properties 2
| Concrete Reinforcing Steel Propart

Concrete Reinforcement Properties
Conciete Resistance Factors for LF
=) D Solution Level Statements - C
Control Parameters (Level 2-Box|
E Control Variables and Installation Dime
D I aterial Defirition Statements - D
= D Material Definition T (in situ)
tdaterial Control Parameters(h ateriz
|zotropic Linear Elastic Parameters
=] |:| Material D efinition 2 (bedding)
I aterial Contral Parameters( ateriz
Duncan and Duncan/Selig Model B

=] D Material Definition 3 (backAll]
Material Control ParametersMateriz
Duncan and Duncan/Selig Model F
=} LRFD Defiriticrs - E
|:| LRFD Load Factars

Figure 7-9 — Input Screen B-4
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Documents and Setting, ' Desktoph Temp' Level2-ANALYS-LRFD-EMBA-Box-CONCRETE - [Input Commands: .- ili
ol Fle Edt Run  Wew Tools  Window Help g x

DEWEL H08EHxH j
™ ShowHelp I Show input 2'2' Material (Concrete) B-4kb

ASTH Steel Placement for Boxes

EI__] Master Contral - A

i ID 0208 o
E--__]_Masler Contral 1 Steel area for auter sidewalls and connecting slabs in"24in
|| Master Contrel 2 Steel area for inner wall of top slab ID 0453 in"24in

I""] Fipe Definition - B
EJ _—] Pipe Defirition 1 Steel area for inner wall of bottom slab ID 0242 in"2/in

Cancrete Material and Strength Pro

Steel area for inner wall of side slabs |92 in"2/in
Concrete Material Properties 2
Cancrete Reinforcing Steel Praperti Ratio of 4571 length to one-half the span length I1
Cancrete 'wall Thickness [Box Sha
Q| Conciets Reinforcement Properties | Uniform concrete cover thickness o &ll steel centers I1 5 in

Conciete Resistance Factors for LF
=) '__]_So\ution Level Statements - C
Control Parameters (Level 2-Box|

Z] Control Variables and Installation Dimer
EI__] I aterial Defirition Statements - D
= __] Material Definition T (in situ)
tdaterial Control Parameters(h ateriz
|zotropic Linear Elastic Parameters
=] __] Material Definition 2 [bedding)

1| Material Cantral P ters(Materiz | -

:i Duncan and Duncan/Selig Modsl | [L.A2cEpt Input 1 Eancel
E|_J Matesial D efinition 3 [back il

H :i Material Control ParametersMateriz

_ ‘i | Duncan and Duncan/Selig Model F
= __]_LHFD Diefinitions - E
_] LRFD Load Factors

K| | |

[Menu Selected: Concrete Reinforcement Praoperties (Bax Shap Resetting menus

Figure 7-10 — Input Screen B-4b
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Documents and Setting, ' Desktoph Temp'Level2-ANALYS-LRFD-EMBA-Box-CONCRETE - [Input Commands: C: .- ili
o Fle Edt Run  iew Took Window  Help _ 8 x

DEEHEh Do uE xR
™ ShowHelp I Show input 2' ol Level 2- C-2

Integer Control Yariahles/nstallation Dimensions
Box Mesh

E"'—._].MaStE' Contral - & Mumber of construction steps & H:

E|"_J aster Contral 1
H _] Master Contral 2 i~ Response data output
|| Pipe Definition - B 1 Minimal
= __] Pipe Definition 1
il | Concrete Material and Stength Pra
Concrete Material Properties 2 " Plus Duncan
Cancrete Reinforcing Steel Properti
Cancrete 'wall Thickness [Box Sha
Concrete Reinforcement Properties — Mesh outpLt
1| Concrete Resistance Factors for LF
=) __] Solution Level Statements - C € Contel
ﬂ Control Parameters (Level 2-Box| " Mirrar

&+ Standard

 Plus interface

_ Control Yariables and Installation Dimer & Created data
EI__] I aterial Defirition Statements - D

= __] Material Definition T (in situ) " Masimum
tdaterial Control Parameters(h ateriz
Isatropic Linzar Elastic Parameters e half of horizontal span |55— i

=] __] Material Definition 2 [bedding)

j I aterial Contral Parameters( ateriz One hal of vertical ize |47 in

i Duncan and Duncan/Selig Model B 5 l2—
E.._J.Ma[g,ia\ Definition 3 [backHil] Height of soil cover above box ft

H I aterial Control Parameters(Materiz . " 120 ~
Diensity of soil above & ted mesh <}
_ :i Duncan and Duncan/Selig Model F T T Bl i W SR e
= __]_LHFD Diefinitions - E Trench gap 0 ft
_] LRFD Load Factars ) .
Bedding depth  |LE in
Accept Input Cancel |

K| | |

[Menu Selected: Control Variables and Installation Dimensions § Resetting menus

Figure 7-11 — Input Screen C-2
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velZ-ANALYS-LRFD-EMBA-Box-CONCRETE - [Input Comman - =] x|

o Fle Edt Run  Wiew Tools  Window  Help o x
D& H &8 @D EEE:
Stark CANDE Resulks Generator
[~ ShowHelp [ Show input m_dateria\ Definition - O-1
aterial Control Parameters
B _J Master Contral - &
=t _J Master Control 1 Material ID |1—
J Master Control 2
D J Pipe Definition - B Tupe |1-Isotmpic-LinearE\astic A
= _J Pipe Definition 1
« | Conerete haterial and Strength Pie Density 120 Ib/ft"3
Concrete Material Properties 2 Iﬁ
Concrete Reinforcing Steel Proper IHeted ez Ll
Concrete wall Thickness [Box She Mumber of layers (over burden anly) |1U 3:
Concrete Reinforcement Propertie:
Concrete Resistance Factars for L
=] J Solution Level Statements - C
Control Parameters [Level 2-Box]
Control Variables and Installation Dime: Accept Input Cancel | Delete |
Control Parameters for Changes to Moc
=] _J Material Definition Statemerts - 0
= _J M aterial Definition 1 [in zitu)
b |satropic Linear Elastic Parameters
_J Material Definition 2 [bedding)
I M aterial Control Parameters[M ateri
Duncan and Duncan/Selig Model
E\J tdaterial Definition 3 (hackfil)
Material Control ParametersMateri
Duncan and Duncan/Selig Modsl
El- __[ LRFD Definitions - E
J LRFD Load Factors
4 | |
[Menu Selected: Material Control ParametersiMaterial 13 [Dore

Figure 7-12 — Input Screen D-1 for Material 1 — In Situ Soil
(Note: Repeat for Materials 2 and 3 with values provided in the ‘Problem Definition’)
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Documents and Setting: ' i vel2-ANALYS-LRFD-EMBA-Box-CONCRETE - [Inpul - =] x|

o Fle Edt Run  view Took  Window  Help o x
D &n 00 HE >R
I~ ShowHelp [~ Shaw input Q0 Material Definition (lsatrapic) - D-2

Elastic Parameters

EF _J taster Contral - A
H E|__| taster Contral 1 I

T Master Control2 egemstis EM =
1| Pine Defirition - B Faissan's ratio IU'25

E|__| Pipe Defirition 1

i | Concrete Material and Stiength Properties
Concrete Material Properties 2
Concrete Reinfarcing Steel Properties
Concrete Wall Thickness [Box Shape]
Concrete Reinforcement Froperties [Box She
Concrete Resistance Factors for LRFD Limit
=] J Solution Level Statements - C
Control Parameters (Level 2-Box]
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Figure 7-13 — Input Screen D-2 for Material 1 — In Situ Soil
(Note: Repeat for Materials 2 and 3 with values provided in the ‘Problem Definition’)
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Under LRFD load factor in Figure 7-14 enter the combined value of the load factor and load
modifier, i.e. —1.35*1.05=1.42

!:l::"w.pucuments and Settings' bpstrohman' Desktop’, Temp'Level2- ANALYS-LRFD-EMBA-Box-CONCRETE - [Input Commands: C:\Documents and Settingsb .- ill
o Fle Edt Run  iew Took Window  Help _ 8 x

‘DEE &0 D0 88 %R J
™ ShowHelp I Show input o o LRFD Load Factors E-1

Met Load Factor per Load Increment

= D Master Contral - A Starting
=) D Master Contral 1 Load Ié::;mad Load Factar Comment
: | Master Control 2 Step
EI D Fipe Definition - B 1 142 Factor for load step #1 .
8 D i o 2 142 Factor for load slep £2
Caoncrete Material and Strength Pr
Concrete Material Properties 2 k] 142 Factor for load step #3
Cancrete He\nfor;ing Steel Proper 4 142 Factor for load step 4 .
Concrete Wall Thickness [Box She 5 142 Factor for load slep 5
Concrete Reinforcement Propertie:
Concrete Resistance Factors for L 3 142 Factor forload step H6

D D Solution Level Statements - C
: Control Parameters [Level 2-Box)

: Control Yanables and Installation Dime
EI D I aterial Diefinition Statements - 0
EI D Material Definition 1 (in situ]
tdaterial Cantrol Parameters{h ster
|sotropic Linear Elastic Parameters
M aterial D efintion 2 (bedding)
taterial Control Parameters{t ster
Duncan and Duncan/Selig Modsl
E| D Material Definition 3 (backfill]
Material Control Parameters(M ateri
f Duncan and Duncan/Selig Model
=} D LRFD Defiritiares - E
@ LRFD Load Factors

abMove to nest cell F2lor keystroke]-E dit Cell
hift-Tab-Move back a cell  Ctrl-alt-Tab-Exit data grid

Accept Input | Cancel | Add row | Delete raw |;

< | |

[Menu Selected; LRFD Load Factors [Resetting menus

Figure 7-14 — Input Screen E-1

When all input is complete and saved, click “Run” and “CANDE-2007" on the main toolbar to

execute the program. This will open the “Running CANDE” window which will allow you to

monitor the run as it progresses. When the program is complete, a check box “CANDE Analysis

Complete” window will appear. Click “OK” and check if the “Running CANDE” window states

“Normal Exit From CANDE.” If an error has occurred, the program will identify the input line of

the error. Reopen the input file and review for mistakes — using the find option may assist in

locating the problem as the line numbers correspond to the CANDE error message. Click the

“Close” button in the “Running CANDE" window to return to the user interface.
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7.3 Reviewing and Interpreting the Output

Now proceed to check the output file. Tools to assist in this process are the mesh plot and
graphs available under the “View” menu on the main toolbar. Users should explore the use of
the buttons on the toolbars of the mesh plot screen. Element and node numbering, material
information, boundary conditions, and construction increments may all be added or removed

from the plot. The “Plotting Parameters” button allows the user to:

. change the magnification of the deflections,

. eliminate the magnitude of early deflection/stress values - for example the deflections
and stresses due to the self weight of the in situ soil may not be of interest, or the user
may wish to see only the deflection/stress due to a live load condition, and

. change colors or add increment identifiers.

Begin with the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Open the
plotting parameters menu and click the check box “Show constr. increment numbers.” Click
“OK,” set Load Increment to 6 to show the entire mesh and click the toolbar icon to turn on the

construction steps. The mesh plot should look like Figure 7-15.
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[Menu Selected: LRFD Load Factors [Dore

Figure 7-15 — Mesh Plot for Load Steps 1to 6

To view deflections, open the plotting parameters window and set the deflection magnification
factor to 10, click the “Ignore deflections/by load incr.” check box and set the Load Increment to
1 (see Figure 7-16).

-10] x|

—Mesh Caloring ——— [ Magnification Factors ——— [~ Boundary conditions —— — Matenals and Constuction Incrments —

¥ Show force boundary ¥ Sh terial b
- Element text color I Dreflection 3% === GRS
IV Show other boundary

- Elemert line colar I 5 Boundary diameter - I aterial number text color

IV Show canstr. increment numbers
- Mode text calor .
- Canstr. increment text calar

— Element Humbering ———— 7 1 Mode numbering
V¥ Interface numbering V¥ Interface numbering
- Beam element color ¥ Beam rumbering ¥ Beam numbering [~ lanore deflsctionss
Beam element thickness ¥ Triangular element numbering ¥ Triangular node numbering ¥ Ignore deflections/hy Inad incr.

|-| ,I ¥ Quad element numbering ¥ Quad node numbering
I 1 Ej Load increment

Ok | Cancel |

Figure 7-16 — Mesh Window Plotting Parameters
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Select “OK” to close the window. Click the icon to “Turn on/off selected output results” and set
the drop down box to Deflections. Note that if the Load Increment is set to 1, the deflections
due to Load Increment 1 are shown, but when the Load Increment is set to 2, the Increment 1
deflections are ignored. Set the increment to 6 and the screen should look like Figure 7-17.
Other mesh output parameters can also be inspected to determine if the results are consistent
with the design intent.

!:l::"w.pucuments and Settings'bpstrohman'Desktop’, Temp'Level2- ANALYS-LRFD-EMBA-EBox-CONCRETE - [Mesh Plof .- ili
o Fle Edt Run  iew Took Window  Help _ 8 x
DFE &b 00 EHE R/

2] H, B, "E E B} Deflections Rl oad incremert 6
=
Seale far Deflections
Note: Results ingored starting with
Load increment 1'
— Seale not available
= |
=]
K 1 [
Coordinates: x = 65,91, y = 97.46 | Couldn't set scale

[Menu Selected; LRFD Load Factors [Resetting menus |

Figure 7-17 — Deflections, Excluding Those Due to Self Weight of In Situ Soil

Similarly, using the “View CANDE Graphs” button on the toolbar or selecting “View/Graphs” the
user can explore the forces in the culvert itself. Figure 7-18 compares the bending moments
after three increments. This is accomplished using the “Plot multiple load steps” icon at the far
left of the toolbar to uncheck “Show single load step” and check Load Steps 3, 4, and 6, then
“OK.” The “Turn on/off view of pipe” icon on the right side of the toolbar, allows showing the
pipe and the node numbering to assist in interpreting the graph. Turn on the view of the pipe

and set the drop down box to “Bending moment” and the screen should appear as Figure 7-18.
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Figure 7-18 — Bending Moment for Load Steps 3, 4, and 6

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file. Again the file should be inspected for signs of errors or incorrect input. Using the control
window on the left the user can select to review the system input data or the design assessment
(Figure 7-19) by clicking on the appropriate node of the ‘Table of Contents’ browser shown on
the left side of the output viewer. The design assessment is printed after every load step so that

the designer can assess the progress of the design. Figure 7-19 shows the final assessment
printed at the end of the file.
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Figure 7-19 — Design Assessment Summary — Load Step 6
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One additional tool is the Results Generator which can be used by selecting “View/Results
Generator” or the “Start CANDE Results Generator” button. Figure 7-20 shows the Results
Generator input screen set to obtain deflection and moment data from the full output file. After
selecting the desired output criteria, click the “Generate/Preview” button in the lower left corner
of the window. A portion of the report with the desired data is shown in Figure 7-21. The three

tabs shown in Figures 7-20 and 7-21 are described in the following:

o General/Mesh Output — allows the user to request to view general mesh output such as
thrusts, shears, bending moments and nodal displacements in the beam elements,
interface element forces and displacements, and stresses and strains in the remaining

mesh elements.

e Beam Output — allows the user to select to view more detailed output within the beam

elements such as maximum fiber stresses, strain ratios, etc.

o Report Preview — displays the desired report.
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E
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Figure 7-20 — Results Generator Input Screen — Load Step 6 Moments and Deflections
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Figure 7-21 — Results Generator — Load Step 6 Beam Stresses
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8. CANDE TEST PROBLEM 8
8.1 Problem Definition

Analyze a 144 in. corrugated steel pipe with 8 slotted joints and 60 ft of fill over the top of the
pipe using LRFD analysis. The problem is shown schematically in Figure 8-1. The analysis will
be with Level 2, using an automated finite element pipe mesh for an embankment installation
having no interface elements. The automated finite element mesh will be modified using Level

2-extended to reduce the thickness of the construction steps above the crown of the pipe.

Height of soil cover

= = 60 ft

Backfill

Dm=144 in.

Bedding
(Default mesh used for
bedding, see User Manual)

OGO IDIIG OISO IO IO EII D IS I

Figure 8-1 Details of Problem 8

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each
design. All parameters are listed here, where necessary, explanation of how parameters were

selected is presented later.
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Type of analysis - Analysis

Method of analysis/design - LRFD

Solution level - FEM-auto mesh (Level 2)

Canned mesh type - Pipe mesh

Soil mesh pattern - Embankment

Interface elements (pipe only) - None

MOD-Make changes to the basic mesh - check on (problem requires using Level 2-

extended to reduce the thickness of the
construction steps above the crown of the

pipe).
Number of nodes to be changed with new coordinates - 8
Number of elements to be changed with new properties - 14
Pipe material type - Steel
Joint slip - Yes joint slip
Vary joint travel length - Different lengths
Number of slip joints - 8 (see default mesh in User Manual, Chapter 5, B-2b).

Soil parameters - Canned overburden-dependent soil models for each of the following
materials:

In situ soil - Granular soil good
Bedding soil - Granular soil fair
Backfill soil - Granular soil good
Backpack soil - Granular soil good
Soil density - 120 Ib/ft® for all soils
Density of steel - 0.0 Ib/in.2
Material behavior - Bi-linear stress/strain
Analysis mode - Small deformation

Area of pipe wall unit length - 0.228 in.2/in. (Assumes 0.188 in. thick with 6 in. x 2 in.
corrugations)
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Moment of inertia of pipe wall / unit length - 0.108 in.*/in. (Assumes 0.188 in. thick with
6 in. x 2 in. corrugations)

Section modulus of pipe wall / unit length - 0.099 in.%/in. (Assumes 0.188 in. thick with
6 in. x 2 in. corrugations)

Ratio of slipping modulus to elastic steel modulus - 0.0003

Joint locations and properties - The following summarizes joint locations and properties:

Pipe element Ratio of joint/standard
sequence number length *

1 1 0.5
2 2 1

3 3 05
4 4 0.5
5 5 0.5
6 6 1

7 7 05
8 8 1

* see Chapter 5, B-2c,d in the User Manual.

Note: The ratios of joint/standard length used in this problem were selected
to demonstrate the use of slip joints with different lengths. When
solving joint slip problems in practice, values may differ based on the
project geometry.

Average diameter of pipe - 144 inch diameter

Height of soil cover - For embankment installations CANDE calculates height of soll
cover from the springline of the pipe (see User Manual, Chapter
5, C-2). To achieve a total height of fill of 60 ft over the top of
the pipe, set the depth to 60 ft + mean pipe radius = 66 ft (See
Figure 8-1).

Density of soil above truncated mesh - 120 Ib/ic®

Number of construction steps - See User Manual, Chapter 5, C-3 — The default mesh
provides 5 construction steps to the top of the mesh,
which provides approximately 1.5 pipe diameters of fill
over the pipe. For the remaining depth of fill, use 10
steps, making a total of 15 construction steps.

LRFD load factor - 1.95

Load modifier — 1.05 (non-redundant for earth load)
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8.2 Creating the CANDE Input Document

Figures 8-2 through 8-4 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 3, CANDE wiill
display a screen indicating that an input path is initiated - click “Finish.” The user is prompted

for a filename and directory.

Main Input Control Parameters Y ]
Control Information
~Typeofanalysis ——————————— ~ Level 2 Specific C AN D E
¥ Anaysis r— Canned mesh type Sol mesh pattem
o Do * Pipemesh ' Embankment
. " Boxmesh " Trench 2 OO 7
r~ Method of analysiz/design
& R " fichmesh " Homogenous | n pu_l_ WiZO rd
 Semice i Interface elements (pipe only] —
" Fipe-sal
— Solution level r - -
£ Elesticty Level 1 Trercrini Welcome to the CANDE input Wizard!
o P o el * Hone You will enter some basic information
LR about your model and CANDE wil
" FEM-user mesh [Level 3] prepare a starter input document that you
v ik e e B e can customize for your lparticulaf model.
Use the auto-generate option for After you complete th? input for each
the interface elements |9 3; Number of rodes b change screen in the Input Wizard, press the
- Mext" button until you have reached the
I14 3 Humber of elements to change end. Once completed, press the ‘Finish’
; IU 3: Number of new loading/boundany conditions button to enter the CANDE input menus. |
1 32 N|_umb|eé of |‘3'|33 slement groups Control Information
ko] On the control information screen, enter
- : key information regarding the type of
|New|nput file Heading for output model, method of analysis, etc. J
<< Frey | Mest > | Firiist | Cancel | Press 'F1' far help

Figure 8-2 — Input Wizard, Screen 1
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CANDE
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Input Wizard
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" Yes, show trace
<< Prev | et >> | Firiisf | Cancel |

Press 'F1' far help

Plipe Material Infarmation

Enter information on this screen related to
the Pipe Material chosen. For Level 1 and
2 type models, only one pipe material is
enterad.

For Level 3 models, this screen will be
repeated M times, where N is the "Mumber
of pipe element groups’ entered on the
*Control Information” screen.

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chogen,

Y

Figure 8-3 — Input Wizard, Screen 2
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i Enter the soil material information Y ]

Soil Properties

e e CANDE
Soil 14n sity 4-0verburden dependent j Canned j
Soil 2bedding 4-Overburden dependent j Carned j 2 O O 7
Sail 3backfil 4-0verburden dependent j Carned j ,
£ 5ol 4backpack v [ Canned = | N p U'I' W|ZO rd

Sail Properties Information [
Enter information on this screen related to
the Soil Properties. This screen is only
applicable for Levels 2 and 3.

For Level 2 models, the number of soil
models is predetermined by CANDE.

For Level 3 models, the number of soil
models is input on the "Level 3
Infarmation” screen.

Set the Soil Material Model type along
with information related to the type
chosen. Specific soil names and
properties will input on the main CANDE
input screens once the input wizard has v

wlotodal ot

< Prey | Mest > | Firiist | Cancel | Press 'F1' far help

Figure 8-4 — Input Wizard, Screen 3

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 8-5.

Enter an appropriate heading for output and click “Accept Input.”
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Figure 8-5 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 8-5 shows “X” for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 8-6 through 8-11 and Figures 8-15 and 8-16
show the completed input for the standard screens requiring data for the tutorial, except that
only one material definition screen is shown. Input the remaining definition screens. As input is
modified, a ‘blue circle’ icon will appear in the menu input tree. This is a visual indicator that
some input on that menu has been modified. After completing each screen, click “Accept Input”
and the blue circle in the control panel will disappear indicating all fields have data. Figures 8-
12 through 8-14 show the use of Level 2-extended to modify the thickness of the construction

steps above the crown of the pipe.
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The automated finite element mesh will be modified using Level 2-extended to reduce the
thickness of the construction steps above the crown of the pipe. Figures 8-11 through 8-13
show the completed input screens for the Level 2-extended, which require changing the y-
coordinate of 8 nodes and the construction step number for 14 elements. The element, node,
and construction step numbers are identified in Chapter 5, C-4 of the User Manual or can be
obtained by making a trial run without the modified mesh and then using the mesh plot.
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Figure 8-12 — Input Screen CX-1
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(Note: Repeat for Materials 2, 3, and 4 with values provided in the ‘Problem Definition’)
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Under LRFD load factor in Figure 8-15 enter the combined value of the load factor and load
modifier, i.e. —1.95* 1.05 = 2.05
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Figure 8-16 — Input Screen E-1

When all input is complete, click “Run” and “CANDE-2007" on the main tool bar to execute the
program. This will open the “Running CANDE” window which will allow you to monitor the run
as it progresses. When the program is complete, a check box “Analysis Complete” window will
appear. Click okay and check if the “Running CANDE” window states “Normal Exit From
CANDE.” If an error has occurred, the program will identify the input line of the error. Reopen
the input file and review for mistakes — using the text input option may assist in locating the
problem as the line numbers correspond to the CANDE error message. Click the “Close” button

in the “Running CANDE"” window to return to the user interface.
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8.3 Reviewing and Interpreting the Output

Now proceed to check the output file. Tools to assist in this process are the mesh plot and
graphs available under the “View” menu on the main toolbar. Users should explore the use of
the buttons on the toolbars of the mesh plot screen. Element and node numbering, material
zones, boundary conditions, and construction increments may all be added or removed from the

plot. The “plotting options” button allows the user to:

° change the magnification of the deflections,

o eliminate the magnitude of early deflection/stress values - for example the deflections
and stresses due to the self weight of the in situ soil may not be of interest, or the user
may wish to see only the deflection/stress due to a live load condition, and

. change colors or add increment identifiers.

Begin with the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Open the
plotting options menu and click the check box “Show constr. increment number.” Click “ok,” set
Load Increment to 7 to show the entire mesh (the remaining load is placed above the mesh —
see User Manual) and click the toolbar icon to turn on the load increments. The mesh plot
should look like Figure 8-16.
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Figure 8-17 — Mesh Plot for Load Steps 1to 7

To view deflections, open the plotting parameters window and set the deflection magnification
factor to 10, click the “Ignore deflections/by load incr.” check box and set the Load Increment to
1 (see Figure 8-17).
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Figure 8-18 — Mesh Window Plotting Parameters
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Select “OK” to close the window. Click the icon to “Turn on/off selected output results” and set
the drop down box to Deflections. Note that if the Load Increment is set to 1, the deflections
due to Load Increment 1 are shown, but when the Load Increment is set to 2, the Increment 1
deflections are ignored. Set the increment to 15 and the screen should look like Figure 8-18.
Other mesh output parameters can also be inspected to determine if the results are consistent
with the design intent.
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Figure 8-19 — Deflections, Excluding Those Due to Self Weight of In Situ Soil

Similarly, using the “View CANDE Graphs” button on the toolbar or selecting “View/Graphs” the
user can explore the forces in the culvert itself. Figure 8-19 compares the bending moments
after three increments. This is accomplished using the “Plot multiple load steps” icon at the far
left of the toolbar to uncheck “Show single load step” and check Load Steps 8, 12, and 15, then
“OK.” The “Turn on/off view of pipe” icon on the right side of the toolbar, allows showing the
pipe and the node numbering to assist in interpreting the graph. Turn on the view of the pipe

and set the drop down box to “Bending moment” and the screen should appear as Figure 8-19.
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Figure 8-20 — Bending Moments for Load Steps 8, 12, and 15

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file. Again the file should be inspected for signs of errors or incorrect input. Using the control
window on the left the user can select to review the system input data or the design assessment
(Figure 8-20) by clicking on the appropriate node of the ‘Table of Contents’ browser shown on
the left side of the output viewer. The design assessment is printed after every load step so that

the designer can assess the progress of the design. Figure 8-20 shows the final assessment

printed at the end of the file.
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o Fle Edt Run  iew Took Window  Help _ 8 x
DFE &b 00 EHE R/ J
& Row, Col= (1078,3) ASSESEHENT SUMMARY STEEL-GROUF L, LUAD-3TEF L& |
Find
, LRFD STRENGTH-LIMIT RATIOS AT STEP 15, FOR STEEL GROUP # 1
Find Next I
Output T able of Contents DESIGN-CRITERION CONTROL FACTORED FACTORED RATIOD
HODE DEMAND CAPACITY VALUE
~{25) master control and pipe-type dat .
&:l Teview system input data MATERIAL THRUST (psi) [ 22459, 33000. 0.681
BUCKLING THRUST (psi) & 22459, 41918. 0.536
SEAM THRUST (psi) & 22459, 33000. 0.681
PLASTIC-PENETRATE (%) 11 100.00 S0.00 L.111

LEFD SERVICE PERFORMANCE AT 3TEF 15, FOR STEEL GROUF # 1

FERCENT VERTICAL DEFLECTION (%).......0vieinnnnnnn z.74
RISE HEIGHT OF WERTICAL DEFLECTION (IMj........... 144.00
PATI0 OF VERTICAL DEFLECTION TO ALLOUAELE (-)..... 0.55
HANDLING FACTOR RATIO = (SPAN**Z/EI)/FF........... 0.33
SPAN LENGTH FOR HANDLING AND BUCELING (IN)........ 144.00
FLEXIBILITY FACTOR (FF) FOR HANDLING (IN/LE) ..... 0.020

¥ % % % NORMAL EXIT FROM CANDE # # + +
vI
4] | Kl | ’

[Menu Selected; LRFD Load Factors [Resetting menus |

Figure 8-21 — Design Assessment Summary — Load Step 15
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One additional tool is the Results Generator which can be used by selecting “View/Results
Generator” or the “Start CANDE Results Generator” button. Figure 8-21 shows the Results
Generator input screen set to obtain deflection and moment data from the full output file. After
selecting the desired output criteria, click the “Generate/Preview” button in the lower left corner
of the window. A portion of the report with the desired data is shown in Figure 8-22. The three
tabs shown in Figures 8-21 and 8-22 are described in the following:

o General/Mesh Output — allows the user to request to view general mesh output such as
thrusts, shears, bending moments and nodal displacements in the beam elements,
interface element forces and displacements, and stresses and strains in the remaining

mesh elements.

e Beam Output — allows the user to select to view more detailed output within the beam

elements such as maximum fiber stresses, strain ratios, etc.

o Report Preview — displays the desired report.

_ibix
| Beam Output | Report Preview |
I™" Prirt mesh information IV Print beam infarmatian ¥ Print interface infarmatiar
i~ Mesh information ——————— ~Fomating————— [~ Beam[10elements) — 7 [ Interface [0 elements]
¥ Hode coordinates Column separator ™ Thiust force node | | Tatalnomal interface force
W Elermert, cormecivi I1 Sy jv I” Shear farce node | I¥ | Tiotal shean interface force
= " ) )
W Bourdny cordtions ¥ Moment resultant node | W LLast incr/homal interface force
™ Setal output ta exponential . .
r— Select load steps r ™ Thiust farce node J ¥ | Lastiner./shear interface farce
L5 File
I Loadstep d " Shear farce nade J I¥| Relative w-displacement
[ Loadstep 7
[~ Loadstep 8 & US units ¥ Mament resultant nade J ¥ Relative y-diaplacement
[~ Loadstep 9
[ Load step 10 ' Slunits
[ Load step 11 ¥ Print dizplacement information I” Print Quad/Tri infarmation
[” Load step 12 —Mode displacements —— [~ Quad/Tri (36 elements]
[ Load step 13 : :
[ Load step 14 ¥ Nade displacements I ertical shain
I¥ | Horizontal strain
Select Al | Clear ¥ Shear sthrain

¥ ertical stress

|| | Horizartal stress
Eepott Generator Directions v
1. Belect owtput options from the *General/Mesh Crufpuf tab and from the *Beam Cufpuf” tah,
2. Click on the Generate/Preview” hutton,
3. Click 0K to open and browse the generated repott.

Shear stess

Generate/Preview | oK | Cancel |

Figure 8-22 — Results Generator Input Screen — Load Step 15 Moments and Deflections
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155 title: new input file
- @ table of contents 1 15805.90 -955.90 -630.46 0.01 2.127E+10 16.665
z 14528.20 -564.08 -576.52 6.55 Z.1Z7E+10 16.665
3 10710.60 -564, 68 -412.91 13.04 2.127E+10 16.665
4 4386.71 -72.25 -1l42.66 19.84 2.127E+10 16.665
5 -503.51 59846, 24 -145.58 6.15 3.683E+10 43.304
& -1119.55 11862. 50 -540.43 2.93 Z2.608E+10 8.590
7 -1354.51 13855.70 -g39.20 Z.51 Z.603E+10 §.590
E -1572.63 15627.60 -728.40 3.98 2.603E+10 §.590
2 -1807.44 19304, 60 -§94.85 7.76  Z.608BE+1D 8.590
pi} -2012.72 27608, 20 -1158.07 13.67 1.941E+10 8.434
11 -1769.92 18856, 50 -497.28 -7.19 3.62Z1E+10 43.262
1z 93.38 -30.85 -85.27 -38.30 3.971E+10 11.372
13 16717.20 -628.76 -B01.98 -20.76 1.971E+10 9.642
14 26636.00 -614.09 -B693.93 -8.84 1.971E+10 9.642
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Eeam Info.(Concrete)-Beam Group l-Load 3tep 6(2 of Z)
Distance
Hade to Crack Crack
Number N.A. Tidth Depth
[in] (in] [in]
1 7.960 0.00 §.100
b4 7.860 0.o0 §.107
3 7.960 0.00 §.149
1 4 7.960 o0.o0 8.387
5 2.283 0.00 17.173
B 1.584 0.00 7.698
7 1.564 0.o0 7.877
E 1.584 0.00 7.860
9 1.584 o0.o0 7.917
| pi} 1.440 0.00 6.024
11 2.297 0.00 17.041
i 1 2 han n’on Pt =
Menu Selected: Material Definition Statements - D |Dnn5 ‘

Figure 8-23 — Results Generator — Load Step 15 Beam Stresses
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9. CANDE TEST PROBLEM 9
9.1 Problem Definition

Analyze a 217-inch span (82-inch rise) 3-segment type corrugated steel long span arch
supported on spread footings with 3 ft of fill over the top of the arch, using Working Stress
(service) analysis. The problem is shown schematically in Figure 9-1. The analysis will be with
Level 2, using an automated finite element arch mesh for a trench installation having interface
elements. The automated finite element mesh will be modified using Level 2-extended to apply

point loads depicting a LRFD design truck at the ground surface above the crown of the arch.

Live Load

it

Height of soil cover above

crown of arch = 3 ft TUSETE
s

Backfill,

RN

| Total rise of
Ry = 143.75 in— arch structure
= B82.38 in.

Trench Depth
= 9.8 ft

~—Ry = 49.38 i

L 44

Footing Depth = 24 in,

.S In Situ

Trench Width = 5 ftJ Arch span = 217.5 in.

Figure 9-1 Details of Problem 9

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each

design.

Type of analysis - Analysis
Method of analysis/design - Service
Solution level - FEM-auto mesh (Level 2)

Canned mesh type - Arch mesh
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Soil mesh pattern - Trench

MOD-Make changes to the basic mesh - check on (problem requires using Level 2-
extended to apply point loads depicting a
LRFD design truck at the ground surface
above the crown of the arch).

Number of new loading/boundary conditions to be added - 8 (for Live Load calculation

see Figure 9-12).

Pipe material type - Steel

Joint slip - No joint slip

Soil parameters - Canned Duncan/Selig soil models except as noted:

In situ soil - ML 95, LRFD stiffness control = 0, Moduli averaging ratio = 0.5, soil
model = Duncan/Selig formulation

Footing - Canned Linear Elastic - Young's modulus = 3,600,000 psi, Poisson’s
ratio = 0.17

Backfill soil - SW 95, LRFD stiffness control = 0, Moduli averaging ratio = 0.5,
soil model = Duncan/Selig formulation

Soil density - 120 Ib/ft® for all soils and 150 Ib/ft® for the footing
Density of steel - 0.284 Ib/in.
Culvert material behavior - Bilinear stress/strain

Analysis mode - Large deformation/buckling

Area of pipe wall unit length - 0.267 in.%/in. (Assumes 0.218 in. thick with 6 in. x 2 in.
corrugations)

Moment of inertia of pipe wall/unit length - 0.127 in.%/in. (Assumes 0.218 in. thick with
6 in. x 2 in. corrugations)

Section modulus of pipe wall/unit length - 0.115 in.%in. (Assumes 0.218 in. thick with
6 in. x 2 in. corrugations)

Number of construction steps - See User Manual, Chapter 5, C-2 — The default mesh
provides 8 construction steps to the top of the trench.
Use an additional construction step to obtain a height
of fill of 3 ft. Use an additional 4 steps for the live load
(applying load in steps results in fewer convergence
issues), making a total of 13 construction steps.

Height of soil cover above crown of arch - 3 ft

Density of soil above truncated mesh - 120 b/t
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Trench depth - 9.8 ft

Trench width - 5 ft

Total rise of arch structure - 82.38 in.

One-half of arch span at footing level - 108.75 in.
Footing depth - 24 in.

Outside footing width - 30 in.

Inside footing width - 30 in.

Radius of top arch (segment 1) - R1 - 143.75in.
Angle for R1 segment - 40 degrees

Radius of second segment - R2 - 49.38 in.
Angle for R2 segment - 62.87 degrees

Interface material properties - The following summarizes material property definitions for
the interface elements:

Angle from x-axis Tensile breaking
Interface to normal Coefficient of friction
number interface between nodes i and j force of contact
nodes
(degrees) *
1 90 0.3 10
2 86.67 0.3 10
3 83.33 0.3 10
4 80.00 0.3 10
5 76.67 0.3 10
6 73.33 0.3 10
7 70.00 0.3 10
8 66.67 0.3 10
9 63.33 0.3 10
10 60.00 0.3 10
11 56.67 0.3 10
12 53.33 0.3 10
13 50.00 0.3 10
14 41.02 0.3 10
15 32.04 0.3 10
16 23.06 0.3 10
17 14.07 0.3 10
18 5.09 0.3 10
19 -3.89 0.3 10

* For an example calculation depicting how these interface angles were computed and/or
an explanation of the shortcut method for defining interface material properties, see
CANDE Tutorial Problem 6.
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9.2 Creating the CANDE Input Document

Figures 6-2 through 6-4 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 3, CANDE wiill
display a screen indicating that an input path is initiated - click “Finish.” The user is prompted

for a filename and directory.

Main Input Control Parameters ngﬂ

Control Information

~Type of analysis ———————————— —Level 2 Specific C AN D E
¥ fndyss r Canned mesh type —— 5ol mesh pattem
e " Pipemesh " Embankment
_ " Boxmesh {* Trench 2 OO 7
— Method of analpsis/desion —————
LB % fuchmesh " Homogenous | n pUT WiZO rd
% Semvice i Irterface elements (pipe only) =
{¥ Pipe-sal
— Solution level r - .|
 Elasicly Level 1 Trstetrin:iy Welcome to the CANDE input Wizard!
& N Mgl ' Hore You will enter some basic information
I L about your model and CANDE will
" FEM-user mesh [Level 3] prepare a starter input document that you
¥ MODMake changes to the basic mesh ———| can customize for your lparticular model.
Use the auto-generate option for After you complete th? input for each
the interface elements Ig 3; Number of nodes b change screen in the Inplut Wizard, press the
- Mext" button until you have reached the
IU 3 Humber of elements to change end. Once completed, press the ‘Finish’
; Ie 3: Number of new loading/boundany conditions button to enter the CANDE input menus.  __|
q 3: Mumber of pipe element groups Caontrol Information
[Level 3 arly)

On the control information screen, enter
key information regarding the type of
model, method of analysis, etc.

Heading for output

<4 Frew | Mest >3 | Fifiish | Cancel | Press 'F1" for help

Figure 9-2 — Input Wizard, Screen 1
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5 Main Input Control Paramters

CANDE

2007
Input Wizard

Pipe Matetial Inforrnation

Enter information on this screen related to
the Pipe Material chosen. For Level 1 and
2 type models, only one pipe material is
entered.

For Level 3 models, this screen will be
repeated M times, where M is the "Murmber
of pipe element groups” entered on the
"Cantrol Infarrmation” screen.

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
matetial chosen.

Figure 9-3 — Input Wizard, Screen 2

NCHRP 15-28 — Tutorial Problem 9 -9-5-



¥ Enter the soil material information -3l

Soil Properties

. . Select 'zanned' or 'User' sail parameters
ol Materal Modsl (5ol modkels 3, 4, and 5 crl) CAN D E
Sail 14n situ 3DuncandSelg j Carined

s
Soil 24ooting 1 sotiopic-Linear Elastic j Canned j 2 OO 7
b 5ol 3hackil * | Canned = | -I' W d

Suil Properties Information [
Enter information on this screen related to
the Soil Properties. This screen is only
applicable for Levels 2 and 3.

For Level 2 models, the number of soil
models is predetermined by CANDE.

For Level 3 models, the number of soil
models is input on the "Level 3
Infarmation” screen.

Set the Soil Material Model type along
with information related to the type
chasen. Specific soil names and
properties will input an the main CANDE
input screens once the input wizard has j

Lododl ale o G

<< Prey | Hext > | Finish | Cancel | Press 'F1' for help

Figure 9-4 — Input Wizard, Screen 3

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 9-5.
Enter an appropriate heading for output and click “Accept Input.”
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!:IZ:"»,Dncuments and Settings'bpstrohman'Desktop’ Level2-ANALYS-WSD-TREN-Arch-STEEL - [Input Commands: C _|E' 1'

ol Fle Edt Run  ¥iew ‘Window Help -8 X
FE &R DOEEXE
" ShowHelp I Show input o o haster Cantraol A-1
— Type of analpsis
| Master Cantrol - & = = dnalysis [
! EJ Master Control 1  Design
J aster Control 2
E| __I Fipe Definition - B —Method of analysis

[=E J Pipe Definition 1

Steel Material and Control Para € LAFD
X | Steel Section Properties ¥ Service
Solution Level Statements - C
Control Parameters [Level 2-Arch] — Solution level
Plat and Print Cantrol (Level 2-&rch €1 Elasticity [Level 1]

Arch and Foating Dimensions [Leve
Arch Segments and Angles [Level | 1 FEM-auio mesh [L=ve(2]
Contral Parameters for Changes to £ FEM-user mesh (Level 3]
J taterial Definition Statements - [
Material Definition 1 (in situ]

j t aterial Cantrol Parametersihd = INEW Input fle Heading for output
Duncan and Duncan/Selig Mo =
Material Definiion 2 [fadting) |1 :I Nurnber of culvert element aroups
[ 5 P M=
z| Ir:ualtz:\l:c\:_?:::[lélasti: Parame |3E‘ Mairmurn rumber of iterations/ step

Material Definition 3 (backfill)

j Material Control Parameters(t

. | Duncan and Duncan/Selig Mo Jo Process D [Process 12450)

E| _J Material Definition 4 (Interface 1]

H M aterial Control Parametersiz ID Subdomain |0 [Process 1250

Interface Angles

aterial Defirition 5 (Interface 2) Accept Input Cancel
Material Control Parameters(t 2
Interface Angles

Material Definition B (Interface 3]
Material Control Parameters(t 2
Interface Angles

=] J Material Definition 7 (Interface 4]

H Material Control Parametersit =
Ll Interdarg Broles .l
o [ ;I_I

\Menu Selected: Master Cantral 1 \Done

Jo Culvert 1D [Process 12-50)

Figure 9-5 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 9-5 shows “X” for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 9-6 through 9-10 and Figures 9-14 through 9-16
show the completed input for the standard screens requiring data for the tutorial, except that
only one material definition and interface material definition screen are shown. Input the
remaining definition screens. As input is modified, a ‘blue circle’ icon will appear in the menu
input tree. This is a visual indicator that some input on that menu has been modified. After
completing each screen, click “Accept Input” and the blue circle in the control panel will
disappear indicating all fields have data. Figures 9-11 through 9-13 show the live load
calculation and use of the Level 2-extended to apply point loads depicting a LRFD design truck

at the ground surface above the crown of the arch.
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ocuments and Settings'bpstrohman',Desktoph Temp' Level2-ANALYS-WSD-TREN-Arch-STEEL - [Input Commands: _|= 1“
ud Fle Edt FRun Yew Tools Window Help .8 x

™ ShawHelp I Show input o o Material (Steel) B-1

Material Properties and Control
__] taster Control - &

} 29000000 :
= J Master Contal 1 ‘Young's madulus for steel psi
_] Master Contral 2 Prissort's ralio IM—
__] Fipe Definition - B
=[] Pipe Defirition 1 “Yield stress of pipe | 33000 w5

Steel M aterial and Control Para g — def o
Steel Section Properties

- __] Solution Level Statements - C Density of steel |0.284 i3

| v

Contral Parameters [Lewel 2-Arch] . ) IU— .
% | Piot and Frirt Contiol [Level Z4ch oduluz of upper portion of bilinear model psi
X | Arch and Footing Dimensions [Leve r—Juaint slip
X | Arch Segments and Angles [Level | & Mo

Control Parameters for Changes to

=} __] Material Definition Statements - O £ ves
E| _J M aterial Definition 1 (in situ) L " Yes, show frace
i Material Control Parameters(t
Duncan and Duncan/Selig Mo M aterial behavior

B _] Material Definition 2 [footing]
:] td aterial Cantrol Parameters{h =
X

" Linear stress/strain

Isatropic: Linear Elastic Parame & Bilinear stregs/strain
EI __] Material Definition 3 (backfill)
i taterial Control Parameters{fd = — Analysizs mode
:] Duncan and Duncan/Selig Mo ™ Small defoimation
= _J Material Definition 4 (Interface 1) X
H j Material Control Parameters(t " Laige deformation
Intertace Angles * Laige del/buckling

Material Definition 5 (Interface 2]
td aterial Cantrol Parameters{h =
Interface Angles Accept Input Caneel
EI __} Material Definition & (Interface 3)

i taterial Control Parameters{h =
Interface Angles
E| _J Material Definition 7 (Interface 4]
Material Control Palameters[M:

Interdare dnales
4 I I »

[Menu Selected: Steel Material and Control Parameters Resetting menus

Ll_

Figure 9-6 — Input Screen B-1
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ocuments and Settings'bpstrohman',Desktop’ Temp' Level2-ANALYS-WSD-TRE! Input Commands: ocuments and Sel s bpstrohman',Deskto... |5 [ [ET

- | Master Control - &
E-D Master Contral 1
“-_] Master Conrol 2
___| Pipe Defirition - B
=] D Pipe Defirition 1
Steel Material and Contral Para

- D Solution Level Statements - C
Contral Parameters [Lewel 2-Arch]
Plot and Print Contral [Level 2-Arcl
Arch and Footing Dimensions [Leve
Arch Segments and Angles [Level
Control Parameters for Changes to
=} D Material Definition Statements - O
=] Material Definiion 1 {in situ)
Material Control Parameters(t
Duncan and Duncan/Selig
D Material Definition 2 (footing]
I aterial Control Parameters{hd
|satropic Linear Elastic Pararm
D Material Definition 3 (backfill)
taterial Control Parameters{hd
Duncan and Duncan/Selig M
= D M aterial Defintion 4 (Interface 1]
Material Control Parameters(t
Interface Angles
= D Material Definition 5 (Interface 2]
I aterial Control Parameters{hd
i Intertace Angles
=] D Material Definition & (Interface 3)
P M aterial Cantrol Parametersitd
H Interface Angles
- D aterial Defintion 7 [Interface 4]
" | Material Control Parameters(i

Figure 9-7 — Input Screen B-2
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=] __] Pipe Definition 1
Steel Material and Contral Para
Steel Section Properties
- __] Solution Level Statements - C
Contral Parameters [Lewel 2-Arch]
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Duncan and Duncan/Selig Mo
= _J Material Definition 4 (Interface 1)
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Interface Angles
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Interface Angles
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— Response data output
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% Standard
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' Plus interface

— Mesh output
" Control
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X
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Cancel |
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Interface Angles
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[Menu Selected: Plat and Print Contral (Level 2-Arch) Resetting menus
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Figure 9-9 — Input Screen C-3
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- J Material Definition 5 [Interface 2]
:‘ tdaterial Control Parameters{h sterial

| Interface Angles
_J I aterial Definition & [Interface 3]

| Material Cantrol Parameters[t aterial
H j Interface Angles
HJ taterial Definition 7 [Interface 4]

Material Control Parametersd aterial
C T inkedare Enle =
K | D

[Menu Selected: Arch Segments and Angles (Level 2-Arch) | Resetting menus

Figure 9-10 — Input Screen C-4
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The automated finite element mesh will be modified using Level 2-extended to apply point loads
depicting a LRFD design truck at the ground surface above the crown of the arch. Figures 9-11
and 9-13 show the completed input screens for the Level 2-extended. Figure 9-12 shows the
calculation of the two dimensional out-of-plane live load through soil for use in the CANDE finite
element model for a Design Truck (HS-20) at the ground surface 3 ft above the crown of the
arch traveling parallel to the span of the culvert.

!:(:'ﬂ.,Ducun1ents and Settings'bpstrohman'Desktop’ Temp'LevelZ-ANALYS-WSD-TREN-Arch-STEEL - [Input Commai = ﬂi
ol Fle Edt PRun  W¥iew Tools  MWindow  Help o x
DFE &0 008 E xR
" ShawHelp I Show input o _o | Level 2 - Cx-1

Modes, Elements and Boundary Condition Changes
Extended

_J Master Control - &
el J Master Control 1

| v

Humber of nodes to be changed with new coordinates |0 3:

J taster Contral 2 Mumber of elements ta be changed with new properties |0 3:
Fipe Definition - B —
ﬁJ_J Pipe: Defirition 1 Nurnber of new loading/boundary conditions to be added 8 3

Steel Material and Control Parameter
Steel Section Properties Mote: X X
| Solution Level Statements - C Decreasing any value an this menu

Cantrol Parameters (Level 2-4/ch) will resultin loss of data on subsequent

Plot and Print Contral [Level 2-8rch) ‘Extended’ menus
Arch and Footing Dimensions [Level 2-Ar
Arch Segments and Angles [Level 2-Arch
- @ Contral Parameters for Changes to Node:
J I aterial Definition Statements - 0
j _J Material Definition 1 [in situ]
H Il aterial Control Parametersihd alenal
Duncan and Duncan/Selig Model Pz
j _J M aterial Definition 2 [footing]
:‘ tdaterial Control Parameters{h sterial
X

Isatropic Linear Elastic P. b g y
:| _J taterial Definition 3 [backfill)  AcceptInput ; &I

taterial Control Parameters{h sterisl

H Duncan and Duncan/Selig Model P:
:| J Material Definition 4 [Interface 1)
Material Control Parameterst aterial
H Interface Angles
:| J Material Definition 5 [Interface 2|

. Material Control Parametersd aterial

H Interface Angles
j J Material Definition & [Interface 3]

H tdaterial Control Parameters{h sterial

Interface Angles
j _J Material Definition 7 [Interface 4]

tdaterial Control Parameters{h sterial
Inh bare &nale _IJ

\Menu Selected: Control Parameters For Changes to Modes, EH Resetting menus

Figure 9-11 — Input Screen CX-1

NCHRP 15-28 — Tutorial Problem 9 -9-13-



Live Load Calculation

DISTRIBUTION OF LIVE LOAD THROUGH EARTH FILLS - AASHTO LRFD

Purpose:

This sheet demonstrates calculating the two-dimensional out-of-plane distribution of live load through
soil for use with CANDE FEM for a Design Truck (HS-20) traveling parallel to the span of the culvert.
AASHTO LRFD code references are shown in parenthesis.

NOTES

1. Input values shown

in grey.
2. :=indicates definition
| I | :

YT YRR of a variable.

‘ 1 " ‘ 3. = prints a previously
H=-20 5.0k 320k 320k 160k 16.0k defined variable.
H=-25 100k 40.0k 40.0k 200k 200k

Tandem 230k 250k 123k 123

Figure 1. AASHTO Design Truck (HS-20), Design Truck
plus 25% (HS-25), and Design Tandem

GENERAL PROPERTIES

Depth Of Fill/ COVET....ccciiiiiiiiii ettt Hg := 3ft
Bridge Dimensions:
Bridge Span.......ccccuveiieeiiiiiien et Span := 18ft + 1.5in
Design Truck:
AXIE LOAd......c.cviiiiei i Paxte == 32Kips
Tire LOAd.......cooivviiieee e Piire = %
Axle Width (distance between tires)............cccuveee.. Waxle := Bft
Tire Contact Area (LRFD 3.6.1.2.5)
Contact Width...........cocoierieiiiiiiie e Wire := 20in
Contact Length......ccccccveeviiiiiiiieeiiiiiiee e Liire == 10in

DESIGN FACTORS

Live Load Distribution Factor (LRFD 3.6.1.2.6)..........cccceeennes LLDF:=1.15 (Select Granular
Multiple Presence of Live Load (LRFD 3.6.1.1.2).......cccc........ mpf :=1.20 Backiill
Live Load Factor (Service 1).......oovvevvieiniiiiiiie e LL:=1.0

Figure 9-12 — Live Load Calculation
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Impact for Buried Components (LRFD 3.6.2.2)

H
Dynamic AllOWANCE. ...........ocrurrrrrrerrirrireieeeeernens IM = 33.(1.0 _ 0.125_Ej
ft
IM
Impact Factor............ccooeiiii limp = ma{l.o,(l + H)ﬂ limp = 1.206

FOR DEPTH OF FILL GREATER THAN 2FT(LRFD 3.6.1.2.6)

| f2in |
[ |
20in 201In
|
A -~
2 ft / Use strip width for H = 2 ft
L4
eep_whee eep_whee
Eu:l heel Eu:l heel
He
¥
B Edeep_axle -
™ “l
Wheel Load Equivalent Distribution Width............. Edeep_wheel:= Wiire + LLDFHg Edeep_wheel = 61.4in
Axle Load Equivalent Distribution Width................ Edeep_axle = Waxle + Weire + LLDFHg Edeep_axie = 133.4in
. . P Ptire limp-mpf Ibf
Wheel Live Load Equivalent Distribution.............. L Ldeep, wheel:= ——————— LLgeep_wheel = 377.2——
(no overlap) - Edeep_wheel - in
. . . . Palxle'limp'mpf Ibf
Axle Live Load Equivalent Distribution................. L Ldeep_axle = ————— LLgeep_axle = 347.2—
(overlap) B Edeep_axle - n
. . L . . Edeep_axle
Determine Controlling Distribution...................... Llgeep:= |LLgeep wheel if Edeep wheel <
(check wheel overlap) - - 2
i Ibf
Llgeep axie Otherwise L Lgegp = 3772
in

Figure 9-12 — Live Load Calculation (continued)
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FOR DEPTH OF FILL LESS THAN 2FT

(LRFD 4.6.2.10)

Equivalent Axle Distribution Width..............

Axle Live Load Distribution.............ccccvvvnen.

TWO-DIMENSIONAL LIVE LOAD - (SERVICE |)

Two Dimensional LiVe ......cccceeeviiieiiiiiiiiienns

If Modeling Full Structure:

Number of Elements Over Wheel Length

Load per Interior Node.........cccceeeeeiiiieennn.

Load per Exterior Node...........ccceevvvvveennnns

Apply Wheel Load in Increments................

(fewer convergence issues)

Load per Interior Node per

Construction Increment............cccccceeeeennn.

Load per Exterior Node per

Construction Increment..............cvvvveeeeennnn.

Span

Eshallow := (96 + 1.44Tj.in

Eshallow = 122.1in

Paxte limp- mpf Ibf
Llshaliow = ———— LLshaiow = 379.4—
Eshallow n
. Ibf
LL2D = LLshaIIow if HE < 2ft LL2D = 3772_
n
Llgeep if He > 2ft
Nelems := 2 (3 nodes)
use equal mesh spacing
LLp Ibf
lint.node = lint.node = 188.6—
elems n
lint.node Ibf
lext.node = lext.node = 94.3—
2 in
Neon.wheel =4
LLp
Iint.node_per_con_incr =
Ncon.wheel Nelems
Ibf
Iint.node_per_con_incr = 4715?

For this problem, the interior node is on the plane of symmetry.
Use half of the load above if modeling half the structure.

| hntnode
lext.node_per_con_incr-—

2:Neon.wheel

Ibf

Iext.node_per_con_incr = 23-57__

Figure 9-12 — Live Load Calculation (continued)
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Figure 9-13 demonstrates adding nodal loads to 2 nodes to represent a LRFD design truck at
the ground surface 3 ft above the crown of the arch. The node numbers are identified in
Chapter 5, C-4 of the User Manual or can be obtained by making a trial run without the applied

load and then using the mesh plot.

Documents and Settings'bpstrohman',Desktop’ Temp'Level2-ANALYS-WSD-TREN-Arch-STEEL - [Input Comman ocuments and Settings)| .= ﬂl
o FEle Edt Run  Yiew Took  Window  Help -8 %
FEEh DO EBE>A J
" ShowHelp I Show input 0 o | Level 2 - Cx-4
Modal Loads andfar Displacements to be Applied
Extended
=t D Fipe Definition - B ﬂ Angle for —
B D Pipe Defirition 1 Node % Cond = Walue Y Cond, ¥ Walye Skewed Step g
Steel Material and Control Para Bound [nput
0 Steel Sestion Properties 1 |25 0Farce =0 OForce x||-2357 0 10
= Solution Level Statements - C
" | Control Parameters [Level 2-Arch) 2 |5 giorce J g giorce j ZEb g i
| Plat and Print Contrel [Level 2-4rch 3 245 OForce x| 0 OForce x| 2357 ] 12
| Arch and Footing Dimensions [Leve 4 25 O-Force j 0 O-Force j 2357 0 13
| Arch Segments and Angles [Level ;
| Control Parameters for Changes to 5 |26 O-Force j a 0Farce j <2357 o n
Boundary Condition Changes B |246 O-Farce j 1] O-Farce j 2387 1} n
=3 D b aterial Definition Statements - O 7 |2 O Farce J 1 O Farce j 2357 5 12
EI D Material Definition 1 (in situ]
i M aterial Control Parameters(t 2 F 8 |26 0-Farce J 0 0-Farce i 2357 J k!
Duncan and Duncan/Selig Mo
D Material Definition 2 (footing]

; M aterial Control Parametersit =
|sotropic: Linear Elastic Parame:
D haterial Definition 3 (backfill)
Material Control Parameters(t
i Duncan and Duncan/Selig Mo
D Material Definition 4 (Interface 1]
tdaterial Cantrol Parameters{h =
H Interface Angles
= D Material Definition 5 (Interface 2]
I taterial Control Parameters{hd =
i H Interface Angles
E| D Material Definition B [Interface 3]
Material Control Parameters(t
Interface Angles
D Material Definition 7 (Interface 4]
td aterial Cantrol Parameters{h =
H Interface Angles

D M aterial D efinition & [Interface 5] A Flnnut | o | Tab-Move to next cel F2({or keypstroke]-Edit Cel
| I Materia Cankal pa,amg}gwﬁij ceept Inpul ance Shift-Tab-Move back a cell Chlal-Tab-Exit data gid
4 3
[Menu Selected: Boundary Condition Changes [Resetting menus

Figure 9-13 — Input Screen CX-4
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Documents and Setting,

emp'Levelz- ANALYS-WSD-TREN-Arch-STEEL - [Input Command:

-[&] [}
ol Fle Edt Run  Wiew Tools  Mindow  Help

DEEEH DUEEHE j
™ ShowHelp I Show input 2'2' Material Definition - D-1

Material Control Parameters

£+ Pine Defirition - B = Material 1D

=] Pipe Definition 1

Steel Material and Control Para Type SiluncaniSelg j'

Steel Section Properties By

=} _J Solution Level Statements - C

Contral Parameters [Lewel 2-4rch]

Plot and Print Contral [Level 2-8rch -

Arch and Footing Dimensions [Leve Number of layers [over buiden onlu] |10 3

Arch Segments and Angles [Level |

Contral Parameters for Changes to

Boundary Condition Changes

=) _J Material Definition Statements - O ot Input Eeras | Delete |

J M aterial Definition 1 [in situ]

0| Matenial Control Parameters(Mz

Duncan and Duncan/Selig Mo

_J Material Definition 2 (footing]

i td aterial Cantrol Parameters{h =

X | lsotrapic Linear Elastic Parame
haterial D efinition 3 (backfill)

« | Material Cantrol Parameters(t e

« | Duncan and Duncan/Selig Mo

J aterial Definition 4 [Interface 1]

Material Control Parameters(t

-+ | Interface Angles

Material Definition & (Interface 2]

td aterial Cantrol Parameters{h =

Interface Angles

M aterial D efinition 6 (Interface 3]

taterial Control Parameters{t =

Interface Angles

Material Defintion 7 [Interface 4]

Material Control Parameters(t z

-+ | Interface Angles

=] _J Material Definition 8 (Interface 5]

| 11 Materia) Pantnl palamalarvfMJ’j
4 »

[Menu Selected: Material Control Parameters(Material 13 [Resetting menus

|

Ib/t"3

Material name | W] =

B<L]

H |

Figure 9-14 — Input Screen D-1 for Material 1 — In Situ Soil
(Note: Repeat for Materials 2 and 3 with values provided in the ‘Problem Definition’)
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Documents and Setting,

emp'Levelz- ANALYS-WSD-TREN-Arch-STEEL - [Input Command:

Fle Edt Run  Miew Took  MWindow  Help

NEE&h 06 e xR

=18 ]|

- 8 x

I Show Help ™ Show ihput

<

Arch and Foating Dimensions [Lavtd
Arch Segments and Angles [Level |
Contral Parameters for Changes to
Boundary Condition Changes

=} _J Material Definition Statements - O

__I haterial Definition 1 [in gitu]
Material Control Parameters(tz
Duncan and Duncan/Selig Mo
J Material Definition 2 [foating]
i Material Control Parameters(t 2
X | Isotropic Linear Elastic Parame
_J Material Definition 3 (backfill)
« | Material Control Parameters(td e
Duncan and Duncan/Selig Mo
- J haterial Defintion 4 [Interface 1]
Material Control Parameters(t
+ | Interface Angles
Material Definition 5 (Interface 2]
tdaterial Control Parameters{h =—
Interface Angles
Material Definition B (Interface 3]
taterial Control Parameters{hd =
Interface Angles
= J M aterial Defintion 7 [Interface 4]
Material Control Parameters(t
-+ | Interface Angles
Material Definition 8 (Interface 5]
tdaterial Cantrol Parameters{h =
Interface Angles
M aterial Definition 3 (Interface B]
taterial Control Parameters{t =
Interface Angles
J taterial Definition 10 [Interface 7)

Material Control Parameters(t
|n?=|'ar-r bnrles _Iﬂ

o

.

o o Material Definition (Duncan/Duncan-Selig) - D-2

Fundamental Cantrals

Norlinear iteration cantiol |0

oduli averaging ratio IU'5

Soil mode!

€ Duncan famulation

' Duncan/Selig formulation

Accept Input Cancel

[Menu Selected: Duncan and Duncan/elig Model Parameters |Resetting menus

Figure 9-15 — Input Screen D-2 for Material 1 — In Situ Soil
(Note: Repeat for Materials 2 and 3 with values provided in the ‘Problem Definition’)
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!:l::"w.pucuments and Settings'bpstrohman'Desktop’, Temp'LevelZ-ANALYS-WSD-TREN-Arch-STEEL - [Input Com .- ili

ol Fle Edt Run  Yiew Took  Window  Help -8 %
DEE & 00 88 [
I ShowHelp I Show input 00 | Material Definition (Interface) - D-2
Interface Angle, Friction and Tensile Breaking Force
E‘”—J PIDEDEfIﬂItIUn.-.E d Angle from y-axiz ta nomal interface I90 degrees

E--J Pipe Defirition 1

:‘ Steel Material and Control Para Coefficient of friction between nodes | and J IU'3

ot | Steel Section Properties |1 a
olution Level Statements - C Tengile breaking force of contact nodes Ibin

Contral Parameters [Lewel 2-4rch]
Plot and Print Contral [Level 2-8rch
Arch and Footing Dimensions [Lewve
Arch Segments and Angles [Level |
Contral Parameters for Changes to
Boundary Condition Changes

=) _J Material Definition Statements - O
E| J M aterial Definition 1 (in situ)
i Material Control Parameters(t
E Duncan and Duncan/Selig Mo
_J Material Definition 2 (footing]

fes | Material Control Parameters{hd =

- | lzotropic Linear Elastic Pararne
haterial D efinition 3 (backfill)

M aterial Cantral P, tersitdz ,—.
Duncan and Duncan/Sela Mo  Acceptinput 3| Eancel

= J aterial Definition 4 [Interface 1]

i Material Control Parameters(t

8 Interface Angles

= _J Material Definition & (Interface 2]
-t | Material Control Parameters(td

Interface Angles

M aterial D efinition 6 (Interface 3]

taterial Control Parameters{t =

+ | Interface Angles

Material Defintion 7 [Interface 4]

Material Control Parameters(t z

++ | Interface Angles

EI _J Material Definition 8 (Interface 5]

Ll Materia| Continl Parametersib =
« »

[Menu Selected: Interface Angles [Resetting menus

Figure 9-16 — Input Screen D-2 for Material 4 (Interface 1)
(Note: Repeat for Materials 5 through 22 with values provided in the ‘Problem Definition’ or
use the short cut method demonstrated in Problem 6)

When all input is complete and saved, click “Run” and “CANDE-2007" on the main toolbar to
execute the program. This will open the “Running CANDE” window which will allow you to
monitor the run as it progresses. When the program is complete, a check box “CANDE Analysis
Complete” window will appear. Click “OK” and check if the “Running CANDE” window states
“Normal Exit From CANDE.” If an error has occurred, the program will identify the input line of
the error. Reopen the input file and review for mistakes — using the find option may assist in
locating the problem as the line numbers correspond to the CANDE error message. Click the

“Close” button in the “Running CANDE” window to return to the user interface.
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9.3 Reviewing and Interpreting the Output

Now proceed to check the output file. Tools to assist in this process are the mesh plot and
graphs available under the “View” menu on the main toolbar. Users should explore the use of
the buttons on the toolbars of the mesh plot screen. Element and node numbering, material
information, boundary conditions and construction increments may all be added or removed

from the plot. The “Plotting Parameters” button allows the user to:

° change the magnification of the deflections,

. eliminate the magnitude of early deflection/stress values - for example the deflections
and stresses due to the self weight of the in situ soil may not be of interest, or the user
may wish to see only the deflection/stress due to a live load condition, and

. change colors or add increment identifiers.

Begin with the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Open the
plotting parameters menu and click the check box “Show constr. increment numbers.” Click
“OK,” set Load Increment to 9 to show the entire mesh and click the toolbar icon to turn on the

construction steps. The mesh plot should look like Figure 9-17.
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E:E:"‘.,Ducuments and Settings'bpstrohman’,Desktop’,Crap’ Tutorial 9 LevelZ-ANALYS-WSD-TREN-Arch-STEEL - [Mesh Plotting: C:

o Fle Edt Run  view Took  Window  Help o x

DFE & 068 E xR

Ep W B, %%E‘Daﬂect\ons -| oad increment: 9 Allwc M5 R R |
=]
=
=

L4 Il ol

Coordinates: x = 466,18, y = 292 48 | Couldn't set scale

[Menu Selected: steel Material and Control Parameters Dane

Figure 9-17 — Mesh Plot for Load Steps 1to 9

To view shear strain, open the plotting parameters window and set the deflection magnification

factor to 10 (see Figure 9-18).

-10] x|

— Mesh Colaring

- Element text color
- Element line color

- Mode text color
- Beam element color

Beam element thickness

I‘I vl

— Magnification Factors

I 10 Deflection
I 5 Boundary diameter

— Boundary conditions
¥ Show force boundary
IV Show other boundary

— Element Humbering
V¥ Interface numbering
¥ Beam rumbering

v Triangular element numbering

¥ Quad element numbering

— Mode numbering

V¥ Interface numbering

¥ Beam numbering

v Triangular node numbering

¥ Quad node numbering

¥ Show material numbers

- I aterial number text color

— Matenals and Construction Incrments —)

IV Show canstr. increment numbers

- Canstr. increment text calar

— lgnore deflections

I 1 Ej Load increment

{1 Ignore deflections/by load incr.

Ok | Cancel |

Figure 9-18 — Mesh Window Plotting Parameters
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Select “OK” to close the window. Click the icon to “Turn on/off selected output results” and set
the drop down box to Shear Strain. Set the increment to 13 and the screen should look like
Figure 9-19, which also shows the deflected mesh geometry. Other mesh output parameters

can also be inspected to determine if the results are consistent with the design intent.

!:I:"-.‘Prnie(ts"u,l]Sl]Sxx"w.,l]5l]525.l]l]-ENDE"w.,Tuturial"-.‘EANDE Tutorial Input Files - Ready for Review', Tutorials Reviewed b

=Exlf

o Fle Edt Run  Yiew Took Window  Help -8 x

DFE &b 00 EE >R

Egy W) By M G RY [shear Strain E A @ e MR R
]|
Scale for "Shear Strain'
- 0.00612
0.00495
0.00377
0.00260
0.00143
0.00026
-0.00092
-0.00209
— o 000626
] 000444
-0.00561
{ l l \ -0.00675
-0.00795
[=]
Kl [ I
Coordinates: x = 712,98, y = -70.90 Couldn't set scale
[Menu Selected: Tnterface Angles [Done |

Figure 9-19 — Shear Strain Load Step 13

Similarly, using the “View CANDE Graphs” button on the toolbar or selecting “View/Graphs” the
user can explore the forces in the culvert itself. Figure 9-20 compares the thrusts after three
increments. This is accomplished using the “Plot multiple load steps” icon at the far left of the
toolbar to uncheck “Show single load step” and check Load Steps 7, 11, and 13, then “OK.”
The “Turn on/off view of pipe” icon on the right side of the toolbar, allows showing the pipe and
the node numbering to assist in interpreting the graph. Turn on the view of the pipe and set the
drop down box to “Thrust Force” and the screen should appear as Figure 9-20.
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!:I:"-.‘Projects"w.,lllsl]suu"w.,l]5l]526.0IJ—I:NDE"\.,TuturiaI"-.‘CANDE Tutorial Input Files - Ready for Review', Tutorials Reviewed by .- ili
o Fle Edt Run  iew Took Window  Help _ 8 x

DFE &b 00 EHE R/
Fa Load step 1 =| Beam group 1 (Stesl) Bl IThrust Force(lbyin

Thrust force(Ib/in): Load steps 7,11,13,

-303.0 > @

£ —,

3 -404.0 e g g e ®
T b, |

<} -505.0 e

<] Ay

= 606 4 S—

= -606.1

73] . S S—y [ N
= 707.1 e Bl il

B -707.

o
®
oio® ]

Distance along beams from first node(in)

B MalalE PR A MG AR

Kl d 5|

Coordinates: x = 26,20, y = 9107 | Status

[Menu Selected: Interface Angles [Done |

Figure 9-20 — Thrust Force for Load Steps 7, 11, and 13

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file. Again the file should be inspected for signs of errors or incorrect input. Using the control
window on the left the user can select to review the system input data or the design assessment
(Figure 9-21) by clicking on the appropriate node of the ‘Table of Contents’ browser shown on
the left side of the output viewer. The design assessment is printed after every load step so that
the designer can assess the progress of the design. Figure 9-21 shows the final assessment

printed at the end of the file.
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\Documents and Settings',bpstrohman’,Desktop’, Tutorial09-L2METL-ANALYS-WSD-TREN - [Output Results: C:4| = il

ol Fle Edt PRun  Yiew Window Help - 8 x
DzE &h 00 W& %R J
& 1 =
‘| ABSESSMENT SUMMARY STEEL-GROUP 1, LOAD-STEPR 13
Find
Find Next ||
—_—1 WORKING STRESS SAFETY FACTORS AT STEP 13, FOR STEEL GROUP # 1 [
Output Table of Contents
DESIGN-CRITERION CONTROL HAXTIN FAILURE SAFETY
55 master contral and pipe-type dat NODE RESPONSE LINIT FACTOR
-5 review system input data .
55 solubion output resulte MATERIAL THRUST (psi) 16 2937. 33000. 11.237
BUCKLING THRUST (psi) 16 2837, aslz7. 28,328
SEAM THROST (psi) 16 2937, 33000. 11.237
PLASTIC-PENETRATE (%) o 0.00 100.00 10000.000

CALCULATED PERFORMANCE MEASURES AT STEF 13, FOR STEEL GROOP # 1

PERCENT VERTICAL DEFLECTION (%)....uvvueenennennnn 1.25

RISE HEIGHT OF ¥ERTICAL DEFLECTION (IN)........... 52.38

FATID OF VERTICAL DEFLECTION TO ALLOWABLE (-]..... 0.25

HANDLING FACTOR RATIO = (3PAN**Z/EI)/FF........... 0.66

SPAN LENGTH FOR HANDLING AND BUCELING (IN)........ 219.78

FLEXIEILITY FACTOR (FF) FOR HAMDLING (IN/LE) ..... 0.0z0

# # % % NORMAL EXIT FROM CANDE # # + #

N e =
‘ \Done \

Figure 9-21 — Desigh Assessment Summary — Load Step 13

One additional tool is the Results Generator which can be used by selecting “View/Results

Generator” or the “Start CANDE Results Generator” button. Figure 9-22 shows the Results
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Generator input screen set to obtain deflection and shear data from the full output file. After

selecting the desired output criteria, click the “Generate/Preview” button in the lower left corner

of the window. A portion of the report with the desired data is shown in Figure 9-23. The three

tabs shown in Figures 9-22 and 9-23 are described in the following:

e General/Mesh Output — allows the user to request to view general mesh output such as

thrusts, shears, bending moments and nodal displacements in the beam elements,

interface element forces and displacements, and stresses and strains in the remaining

mesh elements.

e Beam Output — allows the user to select to view more detailed output within the beam

elements such as maximum fiber stresses, strain ratios, etc.

e Report Preview — displays the desired report.

Results Generator

General/Mesh OQutput | Beam Dutputl Report Previewl

I™ Print mesh information

i Mesh information
¥ Hode coordinates

I¥ | Element connechivity

¥ | Boundany carditions

[ Loadstep 4
[~ Loadstep 5
[ Loadstep 6
[~ Loadstep 7
[ Load step 8
[ Loadstep 9

Selectal |

[ Load step 10
[ Load step 11

r
v Load step 13

— Select lnad steps

=]

Clear

r— Formatting

Column separator

|1 pace hd I

[ Setal output ta exponential

= CsiFile

1S urits
5] units

Repott Generator Directions
1. Belect output options from the *General/Mesh Chufpuf’ tab and from the *Beam Cufput tab,

2. Click on the "Generate/Preview’ hutton.
3. Click "0K’ to open and browse the generated repott.

¥ Print beam information
—Beam [19 elements]

I™ Thiust force node |

¥ Shear force node |

I” Moment resultant node |
I™ Thiust force node J

[¥ Shear force node J

I™ Moment resultant node.J

I™ Print interface infarmation

i Interface [19 elements]

| Totalnomal inteface farce

¥ Tiotal shean interface farce

W LLast incr/homal interface force
¥ LLast iner/shean interface force
I¥| Relative w-displacement

V| Relative y-diaplacement

¥ Print dizplacement infarmation

— Mode displacements

¥ Nade displacements

[

I™ Print Quad/Tri infarmation
r— Buad/Tri [191 elements]

¥ ertical strain

I¥ | Horizontal strain

¥ Ghiear strain

¥ ertical stress

¥ | Horzontal stiess

¥ Shear stress

=10l x|

Generate/Preview |

;¢ | Cancel |

Figure 9-22 — Results Generator Input Screen — Load Step 13 Shear and Deflections
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Documents and Sel

Generated Outpul

=l=lx]

o Fle Edt PRun  View Window  Help - 8 X
D E & 09 8 ExE |
&b (1,1) $TEEL EEAM INFORMATION |
Find
Find Mext... Eeam Info. (3teel)-Eeam Group l-Load 3tep 13(l1 of Z)
| ————
Output Table of Contents
Fraction Hodifed
123 title: 217 corr. steel arch - 3 ft cc Max. of Hodifed Homent.
{53) table of contents Hode Fiber Thrust Shear Tall Area of
Number atress Atress Stress Fielded iP&) Inertia
ipsi) (psi) ipsi) (psi) (in*2/in) (in*4/in)
1 -20256.40 —2077.17 9.25 0.00 2.670 0.127
Z -18187.40 -2145.04 100.41 0.00 Z.670 0.1z7
3 -16371.50 -2209.84 173.67 0.00 2,670 0.127
4 -lz43z2.20 -Z267.08 208.57 0.00 2.6870 0.1z27
5 -8183.08 -2314.90 203.97 0.00 2,670 0.1z27
& -4374.96 -2353.81 168.18 0.00 2.670 0.127
7 -3281.13 -2387.49 116.73 0.00 Z.670 0.1z7
E -5230.14  -2420.87 73.80 0.00 2,670 0.127
El -6412.14  -2456.96 42.66 0.00 2.670 0.127
pi} -7128.97 -2497.34 27.50 0.00 2,670 0.1z27
11 -7701.98 -2545.61 35.94 0.00 2.670 0.127
1z -8740.59 -2610.4L1 g9.60 0.00 Z.670 0.1z7
13 -l1417.80 -2705.96 131.57 0.00 2,670 0.127
14 -138z0.80 -zoz4.92 91.711 0.00 2.670 0.127
15 -14850.80 -2920.08 56.46 0.00 2,670 0.1z27
16 -15961.70 -2936. 63 59.19 0.00 2.670 0.127
17 -16888.30 -Z862. 18 35.07 0.00 2,670 0.1z27
18 -165388.60 -2767.74 -105.55 0.00 2,670 0.127
18 -12829.60 -2687.32 -392.84 0.00 2.670 0.127
zn -2600.89 2600, 89 -730.19 0.00 2,670 0.1z27
Eeam Info. (%teel)-Eeam Group l-Load 3tep 13(2 of Z)
EBend
Distance Stress Gtrain
Hode o Adhove Ratio
Number N.A&. Tield max yield
{in} (psi]
i 1 1.104 0.00 0.614
| 0 — | 2 1.1n4 n.nn n.RAz [
‘ |Dnn5 ‘

Figure 9-23 — Results Generator — Load Step 13 Beam Stresses
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10. CANDE TEST PROBLEM 10
10.1 Problem Definition

Design a 72 in. inside diameter concrete pipe set on gravel bedding with 60 ft of fill over the top
of the pipe using LRFD design. The problem is shown schematically in Figure 10-1. The
analysis will be with Level 2, using an automated finite element pipe mesh for an embankment
installation having a 6 in. layer of soft backpacking soil around the circumference of the pipe and

no interface elements. The desired result is the required inner and outer reinforcement.

Height of soil cover

= = 60 ft

Backfil—___

Bedding
{Default mesh used for
bedding, see User Manual)

IR LT T DTN D3 AN R0 T N N L AN DT NN DN I

-

Figure 10-1 Details of Problem 10

In Situ

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each
design.

Type of analysis - Design

Method of analysis/design - LRFD
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Solution level - FEM-auto mesh (Level 2)
Canned mesh type - Pipe mesh
Soil mesh pattern - Embankment
Interface elements (pipe only) - None
Pipe material type - Concrete
Reinforcement shape - Standard
Soil Parameters - Canned Duncan/Selig soil models except as noted:
In situ soil - Linear Elastic, Young’'s modulus = 5,000 psi, Poisson’s ratio = 0.40

Bedding soil - SW 90, LRFD stiffness control = 0, Moduli averaging ratio = 0.5,
soil model = Duncan/Selig formulation

Backfill soil - SW 95, LRFD stiffness control = 0, Moduli averaging ratio = 0.5,
soil model = Duncan/Selig formulation

Backpack soil - ML 90, LRFD stiffness control = 0, Moduli averaging ratio = 0.5,
soil model = Duncan/Selig formulation

Soil density - 120 Ib/ft? for all soils
Compressive strength of concrete (f'c) - 5,000 Ib/in.?
Shear strength equation - Pipes/arches (AASHTO 12.10.4.2.5)
Concrete strain at tension rupture - 0.0 in./in.

Note: Assuming zero tensile strength for the concrete assures the design will
be for a cracked section.

Compressive strain at end of elastic range - 0.001 in./in.
Compressive strain at the initial strength limit - 0.002 in./in.
Unit weight of concrete for body weight - 150 b/

Crack width model - Heger-McGrath (AASHTO 12.10.4.2.4d)
Analysis mode - Small deformation

Yield stress of reinforcing steel - 65,000 Ib/in.?

Inner surface spacing between rows of rebar - 2 in.
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Outer surface spacing between rows of rebar - 2 in.
Number of inner cage layers of reinforcement - 2
Number of outer cage layers of reinforcement - 2
Type of reinforcement - Welded or deformed wire
Nonlinear behavior selection - Option 3 Plus steel yielding behavior
Concrete wall thickness - 7 in.
Concrete cover to c.l. of steel rebar cage - 1.25 in. (inside and outside reinforcement)
Average diameter of pipe - 79 in.
Height of soil cover - For embankment installations CANDE calculates height of soil
cover from the springline of the pipe (see User Manual, Chapter
5, C-2). To achieve a total height of fill of 60 ft over the top of
the pipe, set the depth to 60 ft + mean pipe radius = 63 ft (See
Figure 10-1).
Density of soil above truncated mesh - 120 Ib/ft®
Number of construction steps - See User Manual, Chapter 5, C-3 — The default mesh
provides 5 construction steps to the top of the mesh,
which provides approximately 1.5 pipe diameters of fill
over the arch. For the remaining depth of fill, use 15
steps, making a total of 20.
Number of backpacking elements - 10
Thickness of backpacking - 6 in.

LRFD load factor - 1.35

Load modifier - 1.05 (non-redundant for earth load)
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10.2 Creating the CANDE Input Document

Figures 10-2 through 10-4 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 3, CANDE wiill
display a screen indicating that an input path is initiated - click “Finish.” The user is prompted

for a filename and directory.

Main Input Control Paramters Y ]
Control Information
—Typeofanalyss —————————————— —Level 2 Specific C AN D E
 Andysis r— Canned mesh type Sol mesh pattem
' Desion * Pipemesh ' Embankment
. " Boxmesh " Trench 2 OO 7
—Method of anayzis/design——————
& R " drchmesh " Homogenous | _I_ W' d
_ NPUT WiZAr
 Semice i Interface elements (pipe only] —
" Fipe-sal
— Solution level r - -
£ Elesticty Level 1 Trstetrinity Welcome to the CANDE input Wizard!
o P o el * Hone You will enter some basic information
LR about your model and CANDE wil
" FEM-user mesh [Level 3] prepare a starter input document that you
MOD-Make changes to the basic mesh tan custormnize for your lparticular model.
Use the auto-generate option for After S complete th? input for each
the interface elements IU 3; Number of rodes b change screen in the Input Wizard, press the
. Mext' button until you have reached the
IU 3 Humber of elements to change end. Once completed, press the 'Finish’
; IU 3: Number of new loading/baundany conditions buttan ta enter the CANDE input menus. |
1 32 N|_umb|eé of |‘3'|33 slement groups Control Information
el Jauy, On the contral information screen, enter
- : key information regarding the type of
|New|nput file Heading for output madel, method of analysis, stc. J
<< Frey | Mest > | Firiist | Cancel | Press 'F1' far help

Figure 10-2 — Input Wizard, Screen 1
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5| Main Input Control Paramters

CANDE

2007
Input Wizard

Pipe haterial Information

Enter infarrmation on this screen related to
the Fipe Material chosen. For Level 1 and
2 type models, only one pipe material is
entered.

For Level 3 models, this screen will be
repeated M times, where N is the "Number
of pipe elzrment groups” entered on the
"Control Information” screen

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chosen.

Figure 10-3 — Input Wizard, Screen 2
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i Enter the soil material information Y ]

Soil Properties

e e CANDE
Soil 14n situ 1-lsotropic-Lingar Elastic j Canned j
Soil 2bedding JFDuncan/Selg j Carned j 2 OO 7
Sail 3backfil 3Duncan/Selig || Canned j

T sartnisor B Ca g Input Wizard

Sail Properties Information [
Enter information on this screen related to
the Soil Properties. This screen is only
applicable for Levels 2 and 3.

For Level 2 models, the number of soil
models is predetermined by CANDE.

For Level 3 models, the number of soil
models is input on the "Level 3
Infarmation” screen.

Set the Soil Material Model type along
with information related to the type
chosen. Specific soil names and
properties will input on the main CANDE
input screens once the input wizard has v

wlotodal ot

< Prey | Mest > | Firiist | Cancel | Press 'F1' far help

Figure 10-4 — Input Wizard, Screen 3

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 10-5.

Enter an appropriate heading for output and click “Accept Input.”
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!:IZ:"»,Dncuments and Settings'bpstrohman’Desktop’ Level2-DESIGN-LRFD-EMBA-Pipe-CONCRETE - [Input Command = il

o Fle Edt Run  ¥iew ‘Window Help - 8 x
DEE & s T = |
" ShowHelp I Show input o o haster Contral A-1

— Type of analpsis
EF __I Master Contral - & £ Analysis [
=] J Master Control 1 & Design

- J aster Control 2
EI __I Fipe Definition - B

B J Pipe Defirition 1

— Method of analysis

Conciete Material and Strength P & LGFD
Conciete Material Properties 2 1 Service
h Concrete Reinfarcing Steel Proper
i % | Concrete Design Weights for LAFT | [~ Selution level
E Concrete Resistance Factors for L £ Elasticity [Level 1)

=3 J Solution Level Statements - C =
j Control Parameters (Level 2-Pipe] * FER-auto mesh (Leve! 2]
Major Geometry and Loading Paramete £ FEM-user mesh [Level 3]
Control % ariables [Level 2-Pipe]
- | Backpacking for Embankment Mesh/1 m
=] J Material Defirition Statements - D INEWIHDUt iig Heading for output
E| M aterial Definition 1 (in situ] =
H _I tdaterial Control Parameters{M ster |1 j M 5 @ G ! s
H X | lsotrapic Linear Elastic P.
E| _I Material Definition 2 (bedding]

++1__| Material Cantral P, [ ateri
Duncan and Duncan/Selig Modsl IU Culvert [D (Frocess 1250)

E| _I Material Definition 3 (back il IU Process ID [Process 12-50]
M ateri

M aterial Cantral P, {
i ] Duncan and Duncan/Selig Model ID Subdomain 1D (Process 12-50]
E| __I aterial Definition 4 [backpack]
Material Control ParametersiM steri Accept Input Cancel
:‘ Duncan and Duncan/Selig Modsl
B __| LRFD Definitiorrs - E
J LRFD Load Factors

|3D M aximum number of iterations/step

gl | |

\Menu Selected: Master Cantral 1 \Done

Figure 10-5 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 10-5 shows “X” for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 10-6 through 10-15 show the completed input for
the screens requiring data for the tutorial, except that only one material definition is shown.
Input the remaining definition screens. As input is modified, a ‘blue circle’ icon will appear in the
menu input tree. This is a visual indicator that some input on that menu has been modified.
After completing each screen, click “Accept Input” and the blue circle in the control panel will

disappear indicating all fields have data.
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Documents and Setting: ' torial 104Level2-ANALYS-LRFD-EMBA-Pipe-CONCRETE - [Inp! - =] x|

o Fle Edt Run  Wiew Tools  Window Help

NEE&h ©b 6HE i~

-8 x

[~ ShowHelp [ Show input Q0 Material (Concrete) B-1

Concrete Material Properties

EF _J taster Contral - A

H E|__| Master Control 1
: J Master Control 2 Campressive strength of concrete (g 5000 psi
= J Pipe DefmltmnI:E Young's modulus in elastic range |98 psi
E|-__| Pipe Defirition 1

Q¥ Conciete Material and Strength Pni Paissor's ratia |917

Concrete Material Properties 2

Conciete Reinforcing Stesl Proper Multiplying factor to compute nominal shear strength

X | Concrete Wall Thickness and Reir
Concrete Resistance Factors for L

=3 J Salution Level Statements - C

H Control Parameters (Level 2-Pipe]

X | Major Geometry and Loading Paramete
Control Wariables (Level 2-Pipe]
Backpacking for Embankment Mesh/1

=} _J Material Definition Statements - O

- __I M aterial Definition 1 (in situ]

I aterial Control Parameters{h ster

Shear strength equation
' Pipes/arches

" Bowes/3-sided > 2'fill
' Bowes/3-sided < 2 fill

X | Isotrapic Linear Elastic Parameters
=] Material Definition 2 (bedding]

Material Control Parameters[t ateri

Duncan and Duncan/Selig Model Accept Input Cancel
Material Definition 3 (backfill]
Material Control Parameters(M ateri

| Duncan and Duncan/Selig Model

__I aterial Defintion 4 [backpack]
Material Control Parameters[M ater
Duncan and Duncan/Selig Model
E+{_| LRFD Definiions - E

& J LRFD Load Factors

4 | |

[Menu Selected: Concrete Material and Strength Properties | Resetting menus

Figure 10-6 — Input Screen B-1
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Documents and Setting, ' Desktoph, Temp' Level2-DESIGN-LRFD-EMBA-Pipe-CONCRETE - [Input Commmands: C .- ili
o Fle Edt Run  iew Took Window  Help _ 8 x
DFE &b 00 EHE R/

™ ShowHelp I Show input o o Material (Concrete) B-2

Concrete hdaterial Properties 2

1| Master Control - & e - I P
EI—-—] gster Lont Cancrete srain at tenzsion rupture 0 indin

=] _J Master Control 1

: _] Master Contral 2 Compressive strain at end of elastic rangs IU.DU1 infin

E+_| Pipe Definitian - B
=] _—] Pipe: Defirition 1 Compressive strain at the initial strength limit ID o0z infin

Cancrete Material and Strength Pr

0| Concrete Material Properties 2
Concrete Reinforcing 5teel Proper — Crack widthmodel —————————

X | Concrete Design "weights for LRFT IoF

B Concrete Resistance Factors for L E

E+{_| Solution Level Statements - C ' GergelyLutz
Contral Parameters (Level 2-Pipe]

X | Major Geometry and Loading Paramete

Unit weight of concrete for body weight 150 it 3

eger-Mchiral

" Crack spacing length

Contral Wariables [Level 2-Pipe] def. in
Backpacking for Embankment Mesh/1
=} __] Matenial Definition Statements - D — Analysis mode

= __] M aterial Definition 1 (if gitu)

i Material Control Parameters(M ater
X | lsotropic Linear Elastic Parameters " Large deformation
Material Defintion 2 [bedding] " Large defbuckling
« | Material Control Parameters{t ater

& Small deformation

-+ | Duncan and Duncan/Selig Model
Material Definition 3 (backfill)
I aterial Control Parameters{h ster
Duncan and Duncan/Selig Model
__] haterial Defintion 4 (backpack] Accept Input Cancel
Material Control Parameters(M ater
Cuncan and Duncan/Selig Modsl
E+_| LRFD Defintions - E
| LRFD Laad Factors

< | |

[Menu Selected: Concrete Material Properties 2 [Resetting menus

Figure 10-7 — Input Screen B-2
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Documents and Setting, ' Desktoph, Temp'Level2-DESIGN-LRFD-EMBA-Pipe-CONCRETE - [Input Commands: .- ili
o Fle Edt Run  iew Took Window  Help _ 8 x

DEEHEh Do uE xR
™ ShowHelp I Show input 2'2' Material (Concrete) B-3

Reinforcement Steel Placement and Properties

El---__]_Mastar Control - & Reinforcement shape
E-'_J_Masler Control 1 0 Sk

] Master Cormrol 2
[ ] Fipe Defirition - E € Eliptical
= J_Plpa Definition 1 © frbirary
i Cancrete Material and Strength Pro
Concrete Material Properties 2
Cancrete Reinforcing Steel Properti

¥ | Concrete Design ‘weights for LRFD! Yield stress of reinforcing steel IBEDUU psi
Concrete Resigtance Factors for LF

[—]__] _Sn\ulinn Level Statementz - C Young's modulus of reinforcing steel |2SDDDDDD psi
Control Parameters [Level 2-Pipe) L lggi
Poizson's ratio 1=

- }| Major Geometry and Loading Paramete

Control Yarniables [Level 2-Pipe) Inner surface spacing betwesn rows of rebar |2 in
Backpacking for Embankment Mesh/T
=] _J Material Definition Statements - O Outer suface spacing between ows of rebar |2 in

el D i) Mumber of inher cage layers of reinforcement I2 3:

Material Control ParametersMaterie
. lsatrapic Linear Elastic Parameters Number of outer cage layers of reinforcement I2 3:
=] _] Material Definition 2 (bedding)
1| Material Control Parameters(t ateriz i~ Type of reinfarcement

:i Duncan and Duncan/Selig Model F " Smoath wire or plain bars
= __] _Matalia\ Definition 3 [backfill]

:i I aterial Control Parameters(t ateriz

 Bopes

& welded or deformed wirs

Duncan and Duncan/Selig Model B " Deformed bare or with stitups
E|__] Material Definition 4 (backpack)
{ | Material Contral Parameters{ ateric — Manlinear behavior selection
1| Duncan and Duncan/Selig Modsl F

" Concrete cracking

| LAFD Defiritiorss - E
|| LRFD Load Factors " Plus concrete yielding and plastic behavior

' Plus steel yielding behavior

Accept Input | Cancel

K| | |

[Menu Selected: Concrete Reinforcing Stesl Properties [Resetting menus

Figure 10-8 — Input Screen B-3
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o File Edit Run  Wiew Tools  Window  Help

FEH &5 @6 EExE
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: _] Master Contral 2
= __] Pipe Definition - B
=] __] Pipe Definition 1
Concrete Material and Strength Pra
Corncrete Material Properties 2
Concrete Reinforcing Steel Properti
| Concrete Design Weights for LRFD
e Corcrete Resistance Factors for LF
=] __] Solution Level Statements - C
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1% | Major Geometry and Loading Paramete
----- Contral Yariables [Level 2-Pipe]
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¥ | |lzotrapic Linear Elastic Parameters
= __] M aterial Definition 2 [bedding]
tdaterial Contral Parameters(k ateriz
- Duncan and Duncan/Selig Model |
= __] taterial Definition 3 [backfill]
j taterial Control Parameters(i ateric

Duncan and Duncan/Selig Model
= __] M aterial Definition 4 (backpack]
I tdaterial Contral Parameters(k ateriz
Duncan and Duncan/Selig Model |
=- __] LRFD Definitions - E
_] LRFD Load Factars

I ]

0 |_° | haterial (Concrete) B-4

Specified Yall Thickness and Design Weights for LRFD

Concrete wall thickness I? in
Steel tension failure due to vielding I‘I
Concrete crughing failure at outer fibers I‘I
Concrete shear failure [w/o shear steel] I‘I
Concrete Failure due to radial kension from curved rebar I‘I
Service load allowable crack width I‘I
Concrete cover to c.l. of steel rebar cage I‘I .25 in
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Accept Input Cancel

|Menu Selected: Concrete Design Weights for LRFD

| Resetting menus

Figure 10-9 — Input Screen B-4
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" c:\Documents and Setting:

" | Master Contral - &
E-D aster Contral 1
] Master Cormrol 2
D Fipe Definition - B
= D Pipe Definition 1
i Cancrete Material and Strength Pro
Concrete Material Properties 2
Cancrete Reinforcing Steel Proper
Cancrete Design Weights for LRFD
Concrete Resigtance Factors for L
D Solution Level Statements - C
" | Control Parameters [Level 2-Pipe)

| Control Yariables [Level 2-Pipe]
|| Backpacking for Embankment Mesh/T
D Material Definition Statements - O
=] |:| taterial D efinition 1 (i situ]
Material Control ParametersMaterie
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=] D Material Definition 2 (bedding)
M aterial Control ParametersM ateriz
Duncan and Duncan/Selig Model F
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Duncan and Duncan/Selig Model B
taterial Definition 4 (backpack]
Material Control ParametersMaterie
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|:| LRFD Load Factars

Figure 10-10 — Input Screen C-2
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E|__] Maszter Contral 1 -
' _] Master Control 2 Mumber of conzstruction steps |2El Ev
=8 Fipe Definition - B
_é]__] Pipe Defirition 1 — Responge data output
Concrete Material and Strength P = Minimal
Concrete Ma.tenal F'ropertles 2 & Standard
Concrete Reinforcing Steel Proper
Concrete Design Weights far LRFI " Plus Duncan
Concrete Resistance Factors for L W Ele e

= :__]_Solution Level Statements - C
----- Contral Parameters [Level 2-Pipe]
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----- Control Yariables (Level 2-Fipe) Sl
Backpacking for Embankment Mesh/1 5
----- Control Parameters for Changes to Moc  Mirror
= __] M aterial Definition Statements - O {*+ Cieated data
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Duncan and DuncansSelig Madel
=- __] LRFD Definitions - E
_] LRFD Load Factors

.
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LI_
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Figure 10-11 — Input Screen C-3
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Figure 10-12 — Input Screen C-4
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Figure 10-13 — Input Screen D-1 for Material 1 — In Situ Soil
(Note: Repeat for Materials 2, 3, and 4 with values provided in the ‘Problem Definition’)
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Figure 10-14 — Input Screen D-2 for Material 1 — In Situ Soil
(Note: Repeat for Materials 2, 3, and 4 with values provided in the ‘Problem Definition’)
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Under LRFD load factor in Figure 10-15 enter the combined value of the load factor and load
modifier, i.e. —1.35*1.05=1.42
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Figure 10-15 — Input Screen E-1

When all input is complete, click “Run” and “CANDE-2007" on the main tool bar to execute the
program. This will open the “Running CANDE” window which will allow you to monitor the run
as it progresses. When the program is complete, a check box “Analysis Complete” window will
appear. Click okay and check if the “Running CANDE” window states “Normal Exit From
CANDE.” If an error has occurred, the program will identify the input line of the error. Reopen
the input file and review for mistakes — using the text input option may assist in locating the
problem as the line numbers correspond to the CANDE error message. Click the “Close” button
in the “Running CANDE” window to return to the user interface.
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10.3 Reviewing and Interpreting the Output

Now proceed to check the output file. Tools to assist in this process are the mesh plot and
graphs available under the “View” menu on the main toolbar. Users should explore the use of
the buttons on the toolbars of the mesh plot screen. Element and node numbering, material
information, boundary conditions, and construction increments may all be added or removed

from the plot. The “Plotting Parameters” button allows the user to:

° change the magnification of the deflections,

o eliminate the magnitude of early deflection/stress values - for example the deflections
and stresses due to the self weight of the in situ soil may not be of interest, or the user
may wish to see only the deflection/stress due to a live load condition, and

° change colors or add increment identifiers.

Begin with the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Open the
plotting parameters menu and click the check box “Show constr. increment numbers.” Click
“OK,” set Load Increment to 5 to show the entire mesh (the remaining load is placed above the
mesh — see User Manual) and click the toolbar icon to turn on the construction steps. The mesh
plot should look like Figure 10-16.
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Figure 10-16 — Mesh Plot for Load Steps 1to 5

To view vertical stress, open the plotting parameters window and set the deflection

magnification factor to 10 (see Figure 10-17).
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Figure 10-17 — Mesh Window Plotting Parameters
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Select “OK” to close the window. Click the icon to “Turn on/off selected output results” and set
the drop down box to Vertical Stress. Set the increment to 20 and the screen should look like
Figure 10-18, which also shows the deflected mesh geometry. Other mesh output parameters

can also be inspected to determine if the results are consistent with the design intent.
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Figure 10-18 — Vertical Stress Load Step 20

Similarly, using the “View CANDE Graphs” button on the toolbar or selecting “View/Graphs” the
user can explore the forces in the culvert itself. Figure 10-19 compares the thrusts after three
increments. This is accomplished using the “Plot multiple load steps” icon at the far left of the
toolbar to uncheck “Show single load step” and check Load Steps 5, 13, and 20, then “OK.”
The “Turn on/off view of pipe” icon on the right side of the toolbar, allows showing the pipe and
the node numbering to assist in interpreting the graph. Turn on the view of the pipe and set the
drop down box to “Thrust Force” and the screen should appear as Figure 10-19.
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Figure 10-19 — Thrust Forces for Load Steps 5, 13, and 20

The user can also change the chart properties by right clicking on the plot and selecting “Chart
Property Pages.” Within the resulting window, which is shown in Figure 10-20, a user can vary
the properties of the plot including changing the scale, the bounds of the plot, the legend, etc.
Figure 10-21 shows the ‘Chart Property Pages’ window if the user would like to modify the
horizontal scale to 130 as the maximum value. The updated thrust diagram is shown in Figure
10-22.
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Figure 10-20 — Chart Property Pages Window
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Figure 10-21 — Modified Chart Property Pages Window
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Figure 10-22 — Updated Thrust Forces for Load Steps 5, 13, and 20

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file. Again the file should be inspected for signs of errors or incorrect input. Using the control
window on the left the user can select to review the system input data, the design solution
(Figure 10-23), or the design assessment (Figure 10-24) by clicking on the appropriate node of
the ‘Table of Contents’ browser shown on the left side of the output viewer. The design
assessment is printed after every load step so that the designer can assess the progress of the

design. Figure 10-24 shows the final assessment printed at the end of the file.
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Figure 10-23 — Design Solution
In Figure 10-23 note that the LRFD design ratio for concrete crushing is greater than 1.0. Even

in design mode, CANDE does not correct for these design conditions. The user must evaluate

the design ratios and accept the input or make necessary design changes.

NCHRP 15-28 — Tutorial Problem 10 -10-25-



150526.00-CNDE', Tutol

CANDE Tutorial Input Files - Ready for Rev

utorials Reviewed by TIM\ Tut

=18 ]|

ol Fle Edt Run  Yiew Took Window Help -8 x
NEHEL DEE xR ]
é Row, Col=(1116,3) 10 31307.05 -9373.09 0.4@16 0.00323 d
! 11 40091, 55 -10946,91 0.6168 0.00500
Find

Output Table of Contents

~{25) master control and pipe-type dat
155 review system input data

[=-[E5) solution output results Lot e |

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)

SHEAR FAILURE (lbs/in)

| peen

FADIAL-TENSION FAIL (psi)

NODE NUMEER FOR MAXIMUM CRACK WIDTH
MAXIMUN CRACK WIDTH AT SEEVICE LOAD (inches)
LRFD RATIO: Mix-CRACE-WIDTH / ALLOWAELE

SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)

Find Mext I
—_— ASSESSMENT STMMARY CONCRETE-GROUP 1, LOAD-STEF 20

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP Z0

CONTROL FACTORED FACTORED
HODE DEMAID CAPACITY

1 41491. 8 58500.0

[ 3787.6 3750.0

z 51Z2.3 glz.2

1 68,7 4142.3

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 20, LOAD 3TEP

* * F * NORMAL EXIT FROM CANDE * * + +

[Menu Selected; LRFD Load Factors [Done |

Figure 10-24 — Design Assessment Summary — Load Step 20
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One additional tool is the Results Generator which can be used by selecting “View/Results
Generator” or the “Start CANDE Results Generator” button. Figure 10-25 shows the Results
Generator input screen set to obtain deflection and thrust data from the full output file. After
selecting the desired output criteria, click the “Generate/Preview” button in the lower left corner
of the window. A portion of the report with the desired data is shown in Figure 10-26. The three

tabs shown in Figures 10-25 and 10-26 are described in the following:

o General/Mesh Output — allows the user to request to view general mesh output such as
thrusts, shears, bending moments and nodal displacements in the beam elements,
interface element forces and displacements, and stresses and strains in the remaining

mesh elements.

e Beam Output — allows the user to select to view more detailed output within the beam

elements such as maximum fiber stresses, strain ratios, etc.

o Report Preview — displays the desired report.
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Figure 10-25 — Results Generator Input Screen — Load Step 20 Thrusts and Deflections
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11. CANDE TEST PROBLEM 11

11.1 Problem Definition

Analyze a 48 in. inside diameter corrugated plastic (profile) pipe with 40 ft of fill over the top of
the pipe using Working Stress (service) analysis. The problem is shown schematically in Figure
11-1. The analysis will be with Level 2, using an automated finite element pipe mesh for a
trench installation having interface elements. The automated finite element mesh will be

modified using Level 2-extended to change the haunch zones to a user defined soil material and
the thickness of bedding layer to 6 in.

= Height of soil cover
= 40 ft

Trench width = 6 ft

EAAAEEES NS
5 X
£d e
N > | Trench depth = 4.67 ft

Backfill

Bedd?ng\

‘J— In Situ

/ ¢ / Bedding Thickness = 6 in.
NIRRT LTSS LN 4 (Requires medifying the default
mesh using extended level 2)

Figure 11-1 Details of Problem 11

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input

parameters that typically default to common values but which should be reviewed for each
design.
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Type of analysis - Analysis

Method of analysis/design - Service

Solution level - FEM-auto mesh (Level 2)

Canned mesh type - Pipe mesh

Soil mesh pattern - Trench

Interface elements (pipe only) - Pipe-soil

MOD-Make changes to the basic mesh - check on (problem requires using Level 2-
extended to change the haunch zones to a
user defined soil material and the thickness
of bedding layer to 6 in.

Number of nodes to be changed with new coordinates - 7

Number of elements to be changed with new properties - 2

Pipe material type - Plastic

Wall section type - Profile

Soil parameters - Canned overburden dependent soil models for each of the following
materials:

In situ soil - Cohesive soil-good
Bedding soil - Granular soil-good
Backfill soil - Granular soil-good
Backpack soil - Mixed soil-fair
Soil density - 120 Ib/ft* for all soils
Type of plastic - HDPE
Loading duration - Long term

Analysis mode - Small deformation
Young’s modulus for long term loading - 22,000 Ib/in.?

Ultimate stress limit for long term loading - 900 Ib/in.?

Poisson’s ratio - 0.4
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Density of plastic material used for body weight - 0.034 Ib/in.2
Length of profile period - 5.4 in.

Total height of profile section - 4.0 in.

Web angle with the horizontal - 77 degrees

Web thickness - 0.24 in.

Web “k” value for edge support coefficient - 4.0

Number of horizontal elements in profile - 3

Include local buckling calculations - check on

Plastic element properties: The following summarizes the width, thickness, and edge
support coefficients for the elements of the pipe profile:

Element Length, | Thickness, | Edge support
Identifier in. in. coefficient (k)
1 Valley 1.50 0.28 4
2 Liner 3.88 0.12 4
3 Crest 2.31 0.20 4

Average diameter of pipe - 50 in.

Height of soil cover - For trench installations CANDE calculates height of soil cover from
the top of the trench (See User Manual, Chapter 5, C-2). To
achieve a total height of fill of 40 ft over the top of the pipe, set the
height of soil cover to 40 ft (See Figure 11-1).

Density of soil above truncated mesh - 120 b/t

Number of construction steps - See User Manual, Chapter 5, C-3 — The default mesh
provides 5 construction steps to the top of the mesh,
which provides approximately 1.5 pipe diameters of fill
over the pipe. For the remaining depth of fill, use 5
steps, making a total of 10 construction steps.

Trench depth - Depth from bottom of pipe to top of trench (See User Manual, Chapter 5,
C-4). Set equal to 4.67 ft per Figure 11-1.

Trench width - 6 ft

NCHRP 15-28 — Tutorial Problem 11 -11-3-



Interface material properties - The following table summarizes the material property
definitions for the interface elements:

Angle from x-axis Coefficient of friction | Tensile breaking
Interface | to normal interface between nodes i force of contact
number (degrees) * and | nodes
1 -90 0.5 1
2 -72 0.5 1
3 -54 0.5 1
4 -36 0.5 1
5 -18 0.5 1
6 0 0.5 1
7 18 0.5 1
8 36 0.5 1
9 54 0.5 1
10 72 0.5 1
11 90 0.5 1

The interface angles for this problem were computed in the following manner:
Interface angle in the pipe elements, 6(i) = -90 + (i-1)*180 / (n-1)

where:

n = number of nodes in the pipe
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11.2 Creating the CANDE Input Document

Figures 11-2 through 11-4 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 3, CANDE wiill

display a screen indicating that an input path is initiated - click “Finish.” The user is prompted
for a filename and directory.

Main Input Control Parameters

=lalx|
Control Information

Use the auto-generate option for
the intertace elements

v MOD-Make changes tothe basic mesh — |

I? 3: Mumber of nodes to change

can customize for your particular model.
After you complete the input for each
screen in the Input Wizard, press the

r— Type of analysis r—Level 2 Specific CAN D E
5 Analysis r—Canned mesh type — 1 Soil mesh pattern
® Dy & Ppe mesh " Embankment
— " Boxmesh * Trench 2 OO 7
— Method of analysiz/design
£ LRFD " Aichmesh " Homogenous | _I_ W' d
. : — nput Wizar
% Sevice Interface elements (pipe only]
¥ Pipe-zoi
— Solution level ~ o =
 Elasiciy Level 1 Vg et Welcome to the CANDE input Wizard!
0 oLl " Mone You will enter some basic information
auto mesh Level 2 about your model and CANDE will
" FEM-user mesh [Level 3] prepare a starter input document that you

‘Mext' button until you have reached the
end. Once completed, press the ‘Finish’
button to enter the CANDE input menus.
Contral Information

On the control information screen, enter
key information regarding the type of
model, method of analysis, etc.

|2 3: Number of elements to change

In 3: Murnber of new loading/boundary conditions

|1 3: Number of pipe elerent groups

[Lewvel 3 only)

INew Input file Heading for output

<< Frey | et >3 | Finish | Cancel | Press 'F1' for help

Figure 11-2 — Input Wizard, Screen 1
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Main Input Control Paramters

Pipe Material 1

r— Plastic specific input
‘wall section lpe
" Smooth [design and analysis]
" General [analysis only)

% Piafile (analysis only]

=10ix]

CANDE

2007
Input Wizard

Wary joint travel length

% Sane lengths
1 Different lengths

I 1 3: Mumber of joints

r— Fipe material type — Concrete specific input
 Aluminum Feinfarcement shape
o e & Standard
" Concrete £ Eliptical
& Plastic ! Artitrery
" Steel £ Boes
Murnber of
1 = connected beam
elements
i Steel specific input
Joitit slip
& Ho
1 Yes
1 Yes, showtrace
<4 Prev | et | Finiaty | Cancel |

Press 'F1' far help

Plipe Material Infarmation

Enter information on this screen related to
the Pipe Material chosen. For Level 1 and
2 type models, only one pipe material is
enterad.

For Level 3 models, this screen will be
repeated M times, where N is the "Mumber
of pipe element groups’ entered on the
*Control Information” screen.

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chogen,

Y

Figure 11-3 — Input Wizard, Screen 2
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i Enter the soil material information Y ]
Soil Properties
\ ) Select 'canned' or 'User' soil parameters
Soil Material Model ‘ [Soi modsls 3, 4, and 5 anly) CAN D E

Sail 14n sity 4-0verburden dependent j Canned j

Soil 2-bedding 4-0verburden dependsant j Catined j 2 O O 7

Sl Hhackfil 4-Overburden dependent - || Canned j .

b Soi doverfil ~ J| Canned =l |ﬂ pUT WIZO rd
Soil Properties Information [
Enter inforrmation an this screen related to
the Soil Properties. This screen is only
applicable for Levels 2 and 3.
For Level 2 models, the number of soil
models is predetermined by CANDE.
For Level 3 models, the number of soil
models is input on the "Level 3
Infarmation” screen.
Set the Soil Material Model type along
with information related to the type b
chosen. Specific soil names and
properties will input on the main CANDE
input screens once the input wizard has v
< Prey | Mest > | Firiist | Cancel | Press 'F1' far help

Figure 11-4 — Input Wizard, Screen 3

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 11-5.
Enter an appropriate heading for output and click “Accept Input.”
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!:IZ:"»,Dncuments and Settings'bpstrohmanDesktop’Level2-ANALYS-WSD-TREN-Pipe-PLASTIC-PROFILE - [Input C = il

o Fle Edt Run  ¥iew ‘Window Help - 8 x
DzE &h 00 W& %R
" ShowHelp I Show input o o haster Contral A-1
— Type of analpsis

[=H_| Master Cantrol - & = = Snalysis [
. B J £ Design
' Master Control 2
E Jf"je Diefiitior - B — Methad of sralysis
=] Pipe Definition 1
Flastic Load Controls £ LHFD

i Plastic Material Properties % Service
H o X | Plastic Profile Element Propertie
- __I Solution Level Statements - C — Solution level

; Control Parameters (Level 2-Pipe) £ Elasticity [Level 1)

X | Major Geometry and Loading Parar
Control W ariables [Level 2-Pipe] 1 FEM-auto mesh (L=ve(2]
X | Backpacking for Embankment Mes £ FEM-user mesh [Level 3]
Ak Control Parameters for Changes to
E| __I M aterial Defirition Statements - 0 -
E| J ki aterial Definition 1 (i situ) INEW Input fil Heading for cutput
M aterial Control P. Mz =
E| __Iﬁatenal Defintion 2 [sedding) |1 :I Mumber of culvert glement groups
[ Material Contil P. t
E| _I M aterial Definition 3 (backfill]
J M aterial Cantral P,
E| J Material D efinition 4 (overfill)
J taterial Control Parameters{t = IU Process ID [Process 12:50]
E| __I Material Definition 5 (Interface 1]
[ M aterial Control Parametersitz ID Subdomain 1D (Process 12-50]
: Interface Angles

|3D M aximum number of iterations/step

Jo Culvert 1D [Process 12:50)

__I Material Defirition B (Interface 2) Accept Input Cancel
Material Control Parameters(t z
Interface Angles
Material Definition 7 (Interface 3]
h Material Control Parameters(t z
H Interface Angles
J Material Definition 8 (Interface 4]

1| Material Control Parametersiti=
f L etedace Bnales d
| i _'I_I

\Menu Selected: Master Cantral 1 \Done

Figure 11-5 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 11-5 shows “X” for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 11-6 through 11-12 and Figures 11-16 and 11-17
show the completed input for the standard screens requiring data for the tutorial, except that
only one material definition is shown. Input the remaining definition screens. As input is
modified, a ‘blue circle’ icon will appear in the menu input tree. This is a visual indicator that
some input on that menu has been modified. After completing each screen, click “Accept Input”
and the blue circle in the control panel will disappear indicating all fields have data. Figures 11-
13 through 11-15 and Figures 11-18 and 11-19 show the use of the Level 2-extended to change
the haunch zones to a user defined soil material and the thickness of bedding layer to 6 in.
Note that the user defined soil material will be input in the “file/open text input” mode after all of

the other material properties and problem definitions have been defined.
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"\ Documents and Settings',bpstrohman',Desktop’, Temp'Level2-ANALYS-WSD-TREN-Pipe-PLASTIC-PROFILE - [Input Commands: C:'\Documents and Settings Wbpstranmmmm - 51

- | Master Control - &
E-D Master Contral 1

“ ] Master Conrol 2
___| Pipe Defirition - 8
=] Pipe Defirition 1

Plastic Material Properties
Plastic Profile Element Propertie
EID Solution Level Statements - C
Control Parameters (Level 2-Pipe]
Major Geometry and Loading Parar
Control Wariables [Level 2-Pipe]
Backpacking for Embankment Mes
Contral Parameters for Changes to
=3 D I aterial Diefinition Statements - 0
=] D Material Definition 1 (in situ]
- D tdaterial Cantrol Parameters{h =
D Material Definition 2 (bedding)
- D tdaterial Cantrol Parameters{h =
D Material Definition 3 (backfill)
D Material Control Parameters(t
D aterial Defintion 4 [overfill)
D Material Control Parameters(t
D M aterial Defintion 5 (Interface 1]
Material Control Parameters(t
- Interface Angles
D Material Definition B (Interface 2]
- tdaterial Cantrol Parameters{hd
- Interface Angles
D M aterial Definition 7 (Interface 3]
H taterial Control Parameters{t

Interface Angles
D aterial Defintion & [Interface 4]
| Material Control Parameters(t

Figure 11-6 — Input Screen B-1
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Documents and Setting,

' Desktoph Temp'Level2-ANALYS-WSD-TREN-Pipe-PLASTIC-PROFILE - [Input Com
ol Fle Edt Run  Wew Tools  Window Help

NEE&h 06 e xR

=18 ]|

- 8 x

I Show Help ™ Show ihput

|

EF __] ‘Master Contral - A
H E|--_J Master Contral 1
“ ] Master Conrol 2

=8 _J Pipe Definition - §
=] __] Pipe Defirition 1

Plagtic Load Controls
| Plastic Matenial Properties
£ X | Plastic Profile Element Propertie
=3 _] Solution Level Statements - C
Control Parameters (Level 2-Pipe]
X | Major Geometry and Loading Parar
Control Wariables [Level 2-Pipe]
X | Backpacking for Embankment Mes
Contral Parameters for Changes to
=3 __] I aterial Diefinition Statements - 0
- __] Material Definition 1 (in situ]
- _] tdaterial Cantrol Parameters{h =
- _] Material Definition 2 (bedding)
- _] tdaterial Cantrol Parameters{h =
_] Material Definition 3 (backfill)

_] Material Control P. Mz

“Young's modulus far short term loading
Ultimate stiess limit for short term loading
Young's modulus for lang term loading
Ultimate stress limit for long term loading
Poisgon's ratio

Drensity of plastic material used for body weight

Accept Input Cancel

_J aterial Defintion 4 [overfill)
_] Material Control Parameters(t
_J M aterial Defintion 5 (Interface 1]
Material Control Parameters(t
Interface Angles
Material Definition B (Interface 2]
« | Material Control Parameters(td 2
Interface Angles
M aterial Definition 7 (Interface 3]
taterial Control Parameters{t =
Interface Angles
_J aterial Defintion & [Interface 4]
Material Control Parameters(t -

= I . Inrmlrr-a dnnles _DIJ

.J'

[Menu Selected: Plastic Material Properties
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. def. psi
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Figure 11-7 — Input Screen B-2
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ocuments and Settings\bpstrohman’,Desktop’Level2-ANALYS-WSD-TREN-Pipe-PLASTIC-PROFILE - [Input

=15]x]|

ol Fle Edit Run  Wew Window Help - 8 X

DEH @k 06 8B xR ]
I ShowHelp [ Show input glﬂ Material (Plastic) B-3

Cross Sectional Properties

Plastic Load Controls ;I

Length of profile period  |5.4 f
Plastic M atenial Properties
Q| Plastic Profilz Element Prapertic Tatal height of profile section 4.0 i
[—j_l Solution Level Statements - C . X l—
T Contral Parameters [Level 2-Fipe] Web angle with the horizontal |77 degrees

Major Geometry and Loading Parar Web thickness |0.24 in

Control Variables [Level 2-Pipe]
Backpacking for Embankment Mes ‘wieb 'k value for edge support coefficient |4

EZ;:L:?;?E‘:::;E'? Changes to Mumber of horizontal elements in profile |3 vI
¥ | Elements Changes

E"__I Material Definition Statements - D
[=] J tdaterial Definition 1 (in situ)
E J I aterial Contral Parameters(iz
__I Material Definition 2 (bedding]
J Material Contral Parameters(ie
J Material Definition 3 (backfil)

J aterial Control Parameters(hiz
__I M aterial Definition 4 (overfil]

! J Material Contral Parameters(iz
J Matenial Definition 5 (Interface 1] Accept Input Cancel

Material Contral Parameters(Me
Interface Angles
| Material Definition & (Interface 2)
aterial Control Parameters(hiz
Interface Angles
B J tdaterial Definition 7 (Interface 3]
; aterial Control Parameters(hiz
Interface Angles

Material Definition 8 (Interface 4]
I aterial Control Parameters(iz
Interface Angles
=] J tdaterial Definition 3 (Interface 5]

I aterial Contral Parameters(iz
Interfare dnnles ~
R /—|

|Menu Selected: Plastic Profile Element Properties (1) |Resett\ng menus

Figure 11-8 — Input Screen B-3
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Documents and Settings'bpstrol = il
ol Fle Edit Run  Wew Window Help - 8 X

NEE&Hh 06 HExE j
I ShowHelp [~ Showinput 2' 0| Meterial (Plastic) B-3h

Cross Sectional Properties

E-D Master Control - &4 =
[=__| Master Cantral 1 Element n - .| Edge support
DD P \dentifier Length (in) Thickness [in) coaff (K]
=[] Pie Defirition - B 1 | 1valey =15 0.28 4
E-B Fipe Definition 1 2 | 2Line ﬂ 388 012
" | Plastic Load Controls
" | Plastic: b aterial Properties 3| Gt ﬂ 231 0.20

| Plastic Profile Element Propertie
Q) Plastic Profile Element Propertie
=) D Solution Level Statements - C
Control Parameters [Level 2-Pipe]
X | Major Geametry and Laading Parar
- | Control Variables (Level 2-Pipe]
| Backpacking for Embankment Mes
.| Control Parameters for Changes to
X | Nodal Paint Changes
i X[ Elements Changes
E"D Material Definition Statements - D
- D M aterial Definition 1 (in situ)
! D Material Contral Parametersitiz__|
D Matenial Definition 2 (bedding]

D Material Contral Parameters(Me
D M aterial Definition 3 (backfill)
D I aterial Contral Parameters(iz
D Material Definition 4 (owerfill]
D Material Contral Parameters(ie
B D tdaterial Drefinition 5 (Interface 1]

; aterial Control Parameters(hiz
Interface Angles

M aterial Definition B (Interface 2) Aeccept Input Cancel
I aterial Control Parameters(iz
Interface Angles
=] D tdaterial Definition 7 (Interface 3]
I aterial Contral Parameters(iz

Interfare dnnles
K —

|Menu Selected: Plastic Profile Element Properties (2) |Resett\ng menus

Tab-Move ta next cell F2lor keystroke]-Edit Cell
Shift-Tab-tove back a cell Chrlal-Tab-Exit data gnd

.

Figure 11-9 — Input Screen B-3b
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™ ShowHelp T Show input o ° | Lewvel 2 - C-2

Major Geometry and Loading Parameters
Fipe Mesh
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B __] Master Contral 1
. H _} Master Control 2 Ratio of horizontal to vertical diameter 11
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Plastic Profile Element Propertie
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Figure 11-10 — Input Screen C-2
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Figure 11-11 — Input Screen C-3
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Figure 11-12 — Input Screen C-4
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The automated finite element mesh will be modified using Level 2-extended to change the
haunch zones to a user defined soil material and the thickness of bedding layer to 6 in. Figures
11-13 through 11-15 show the completed input screens for the Level 2-extended, which require
changing the y-coordinate of 7 nodes and the material property for 2 elements. The element
and node numbers are identified in Chapter 5, C-4 of the User Manual or can be obtained by
making a trial run without the modified mesh and then using the mesh plot.

!:l::'ﬂ.,Ducun1ents and Settings'bpstrohman'Desktop’ TempLevel2-ANALYS-WSD-TREN-Pipe-PLASTIC-PROFILE - [Inp .= ﬂi
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Figure 11-13 — Input Screen CX-1
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Figure 11-14 — Input Screen CX-2
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Figure 11-15 — Input Screen CX-3
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Upon clicking ‘Accept Input’ the user will be prompted as shown in Figure 11-15a. The user has
the option for CANDE to automatically add the new soil property and then define the properties
within in the GUI or to select ‘No’ and add the properties manually through the CANDE text
editor. For illustrating the use of the CANDE text editor, we will select ‘No’ and add the soils

manually.
=100 x|

= 4

Edit Wiew  Window  Help =

o= File

Run

™ ShowHelp [ Show input glil Lewvel 2 - Cx-3
Element Number and Froperty Array
Extended

E| __] Solution Level Statements - C ;I REaamSe ] EEA
H Contral Parameters [Level 2-Pipe] Elagaar MNodel | Moded | Modek | Model | Material iy

Major Geometry and Loading Parameters [Level 2-Fipe) 18 49 45 & 32 5
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;__] Material Definition 3 [backfil)
----- _J Material Contral Parameters(i at
I aterial Definition 4 [overfill]

Material Contral Parameters(M at

Do you want the soil properties added? R

\l‘)

Add the soil properties?

CANDE level 2 problems have a predefined number of soil definitions

and preset material IDs (as defined in input Section D).

CAMDE has detected material ID's on this command that are not defaults for
this lewel 2 model, CAMDE will add the Following soil Material ID's to

section [ of the input:

1 new soil{s) added with material 1D{s): 5,

This sails will be appended in the 'Material Definition Statements-0

section of the input, The user must define the soil properties For these

E-| | Material Definition 5 [Interface 1
i _"] [ ) new materials,

I aterial Control Parameters(i at
Interface Angles

_J taterial Definition B [Interface 2]
j I aterial Control Parameters(i at Vas |
Interface Angles

_J taterial Definition 7 [Interface 3]

I aterial Control Parameters(M aternial 7)

If wou don't wank these added, clock o'

F2[or kepstroke]-E
Shift-Tab-Move back a cell Chrl-&Jt-Tab-Exit d.

_'|;|<I | B

Tab-Mave to nest cell

| Accept nput I Canel

lmbarfamra fmalas

4] |

[ Saving input file

|Resetting Menus

Figure 11-15b — Input Screen CX-3 — Auto-material add feature
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Accept Input Cancel | Delete |

[Menu Selected: Material Control Parameters(Material 13

Figure 11-16 — Input Screen D-1 for Material 1 — In Situ Soil
(Note: Repeat for Materials 2, 3, and 4 with values provided in the ‘Problem Definition’)

‘Resetting menus
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\Menu Selected: Interface Angles \Done \

Accept Input Cancel

Figure 11-17 — Input Screen D-2 for Material 5 (Interface 1)
(Note: Repeat for Materials 6 through 15 with values provided in the ‘Problem Definition’)

When all input using the graphic interface is complete, save the input file and reopen in text

input mode by going to “File/open text input.” The screen should look like Figure 11-18.
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Menu Selected: Master Contral 1 |Dnne

Figure 11-18 — Text Input Screen Before Being Modified

Once in this format, input a user defined soil material type using the Duncan/Selig formulation
described in Chapter 5, D-3, and D-4 of the User Manual. Use the following properties to define
the user defined soil:

Cohesion intercept - 0 psi

Initial friction angle - 23 degrees

Reduction of friction angle - 0 degrees

Magnitude of initial tangent modulus - 16

Exponent for initial tangent modulus - 0.95

Ratio of actual failure stress to model’s ultimate - 0.55

Magnitude of tangent bulk modulus, Bi/Pa, Selig hyper form - 1.3

Bulk modulus parameter, eu, Selig hyper form - 0.43

Alternate form using constant Poisson’s ratio - 0
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The modified text input file is shown in Figure 11-19.
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Menu Selected: Master Contral 1 |Dnne

Figure 11-19 — Text Input Screen After Being Modified

After inputting the user defined material properties in the text input mode, save the file and then
reopen the problem as a regular CANDE file. There should now be five material soil definitions

and 16 total material definitions.

When all input is complete, click “Run” and “CANDE-2007" on the main tool bar to execute the
program. This will open the “Running CANDE” window which will allow you to monitor the run
as it progresses. When the program is complete, a check box “Analysis Complete” window will
appear. Click okay and check if the “Running CANDE” window states “Normal Exit From
CANDE.” If an error has occurred, the program will identify the input line of the error. Reopen
the input file and review for mistakes — using the text input option may assist in locating the
problem as the line numbers correspond to the CANDE error message. Click the “Close” button

in the “Running CANDE"” window to return to the user interface.
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11.3 Reviewing and Interpreting the Output

Now proceed to check the output file. Tools to assist in this process are the mesh plot and
graphs available under the “View” menu on the main toolbar. Users should explore the use of
the buttons on the toolbars of the mesh plot screen. Element and node numbering, material
information, boundary conditions, and construction increments may all be added or removed

from the plot. The “Plotting Parameters” button allows the user to:

° change the magnification of the deflections,

o eliminate the magnitude of early deflection/stress values - for example the deflections
and stresses due to the self weight of the in situ soil may not be of interest, or the user
may wish to see only the deflection/stress due to a live load condition, and

° change colors or add increment identifiers.

Begin with the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Open the
plotting parameters menu and click the check box “Show constr. increment numbers.” Click
“OK,” set Load Increment to 5 to show the entire mesh (the remaining load is placed above the
mesh — see User Manual) and click the toolbar icon to turn on the construction steps. The mesh
plot should look like Figure 11-20.
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Figure 11-20 — Mesh Plot for Load Steps 1to 5

Now open the plotting parameters menu and click the check box “Show material numbers.”
Then click on the toolbar icon to turn on the material information. There should be 5 distinct

material zones. The mesh plot should look like Figure 11-21.
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Figure 11-21 — Mesh Plot for Material Zones 1to 5

To view deflections, open the plotting parameters window and set the deflection magnification
factor to 2, click the “Ignore deflections/by load incr.” check box and set the Load Increment to 1
(see Figure 11-22).

_iojx]

—Mesh Colaing —— | [ Maanification Factors — ) [~ Boundary conditions —— | — Materials and Constuction lnciments —

v .
- Elemert text color I E  Deflection ¥ Show force boundary ¥ Show material numbers
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- Mode text color

- Caonstr. increment text color

r— Element Mumbering ——— ] [ Mode numbering
V¥ Interface numbering V¥ Interface numbering
- Beam element color ¥ Beam numbering ¥ Beam numbering [~ lanare deflectionss
Beam element thickness ¥ Triangular element numbering ¥ Triangular hode numbering ¥ lgnore deflections/hy Inad incr.

|-| ,l IV Quad element numbering V' Quad nade numbering
I 1 5: Load increment
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Figure 11-22 — Mesh Window Plotting Parameters
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Close the window, click the icon to “Turn on/off selected output results,” and set the drop down
box to deflection. Note that if the Load Increment is set to 1, the deflections due to Load
Increment are shown, but when the Load Increment is set to 2, the Increment 1 deflections are
ignored. Set the increment to 10 and the screen should look like Figure 11-23. Other mesh
output parameters can also be selected and inspected to determine if the results are consistent
with the design intent.

!:[:“-.‘Dntuments and Settings'bpstrohman'Desktop' Tutoriall1-L2PLAS-ANALYS-WSD-TREN - [Mesh Plotting: C:\ Do = ﬂ
a5 Fle Edt Run  Wew Window Help - 8 X
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Mote: Results ingored starting with
Load step 1 [
Defl. Magnif. = 2.00
=
L]
K | [
Coordinates: = = 144.71, ¥ = 114.85 |

| |Done |

Figure 11-23 — Deflections, Excluding Those Due to Self Weight of In Situ Soil

Similarly, using the “View CANDE Graphs” button on the toolbar or selecting “View/Graphs” the
user can explore the forces in the culvert itself. Figure 11-24 compares the bending moments
after three increments. This is accomplished using the “Plot multiple load steps” icon at the far
left of the toolbar to uncheck “Show single load step” and check Load Steps 3, 6, and 10, then
“OK.” The “Turn on/off view of pipe” icon on the right side of the toolbar, allows showing the
pipe and the node numbering to assist in interpreting the graph. Turn on the view of the pipe

and set the drop down box to “Bending moment” and the screen should appear as Figure 11-24.
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Figure 11-24 — Bending Moments for Load Steps 3, 6, and 10

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file. Again the file should be inspected for signs of errors or incorrect input. Using the control
window on the left the user can select to review the system input data or the design assessment
(Figure 11-25) by clicking on the appropriate node of the ‘Table of Contents’ browser shown on
the left side of the output viewer. The design assessment is printed after every load step so that

the designer can assess the progress of the design. Figure 11-25 shows the final assessment
printed at the end of the file.
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Figure 11-25 — Design Assessment Summary — Load Step 10
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One additional tool is the Results Generator which can be used by selecting “View/Results
Generator” or the “Start CANDE Results Generator” button. Figure 11-26 shows the Results
Generator input screen set to obtain deflection, thrust, and moment data from the full output file.
After selecting the desired output criteria, click the “Generate/Preview” button in the lower left
corner of the window. A portion of the report with the desired data is shown in Figure 11-27.

The three tabs shown in Figures 11-26 and 11-27 are described in the following:

e General/Mesh Output — allows the user to request to view general mesh output such as
thrusts, shears, bending moments and nodal displacements in the beam elements,
interface element forces and displacements, and stresses and strains in the remaining

mesh elements.

e Beam Output — allows the user to select to view more detailed output within the beam

elements such as maximum fiber stresses, strain ratios, etc.

e Report Preview — displays the desired report.
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Figure 11-26 — Results Generator Input Screen — Load Step 10 Moments, Thrusts, and
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Figure 11-27 — Results Generator — Load Step 10 Moments and Thrusts
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12. CANDE TEST PROBLEM 12
12.1 Problem Definition

Analyze a 120 in. x 84 in. reinforced concrete box culvert with standard ASTM steel placement
with 2 ft of fill over the top of the culvert using LRFD analysis. The problem is shown
schematically in Figure 12-1. The analysis will be with Level 3, using a user generated finite
element mesh for an embankment installation. This problem analyzes the reinforced concrete

box culvert from Tutorial Problem 7, which was performed using a Level 2 analysis.

Height of soil cover
above culvert = 2 ft

IHorizon‘col culvert 120 in.I

Backfill \ —B-—10 in. 84 in.

Bedding

Figure 12-1 Details of Problem 12

Developing Level 3 input files for CANDE requires substantial advance planning relative to
Level 2 input files. The engineer must define the installation geometry and boundary conditions
in order to create a mesh. This problem uses shortcut procedures to define groups of nodes
and elements. Alternatively, meshes can be defined node by node and element by element or
imported into CANDE in xml format. Importing an existing mesh into CANDE is shown in
Tutorial Problems 13 and 14.

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each

design.
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Type of analysis - Analysis

Method of analysis/design - LRFD

Solution level - FEM-user mesh (Level 3)

Number of pipe element groups (Level 3 only) - 1

Select level 3 input option - Manual input

Number of nodes - 362

Number of elements - 338

Number of boundary conditions - 100

Number of soil materials - 3

Number of interface materials - 0O

Pipe material type - Concrete

Number of connected beam elements - 24

Reinforcement shape - Arbitrary (Box reinforcement can only be used in Level 2)
Soil parameters - Canned Duncan/Selig soil models except as noted:

In situ soil - Canned Isotropic-Linear Elastic, Young’'s modulus = 2,500 psi,
Poisson’s ratio = 0.25

Bedding soil - SW 95, LRFD stiffness control = 0, Moduli averaging ratio = 0.5,
soil model = Duncan/Selig formulation

Backfill soil - SW 95, LRFD stiffness control = 0, Moduli averaging ratio = 0.5,
soil model = Duncan/Selig formulation

Soil density - 120 Ib/ft? for all soils
Compressive strength of concrete (f'c) - 5,000 Ib/in.?
Shear strength equation - Boxes/3-sided < 2 ft fill (AASHTO 5.13.3.6)
Concrete strain at tension rupture - 0.0 in./in.

Note: Assuming zero tensile strength for the concrete assures the design will
be for a cracked section.

Compressive strain at end of elastic range - 0.001 in./in.

Compressive strain at the initial strength limit - 0.002 in./in.
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Unit weight of concrete for body weight - 150 b/

Crack width model - Gergely-Lutz

Analysis Mode - Small deformation

Yield stress of reinforcing steel - 65,000 Ib/in.2

Inner surface spacing between rows of rebar - 2 in.

Outer surface spacing between rows of rebar - 2 in.

Number of inner cage layers of reinforcement - 1

Number of outer cage layers of reinforcement - 1

Type of reinforcement - Deformed wire

Nonlinear material behavior - Option 3 plus steel yielding behavior

Wall thickness and reinforcement - The following summarizes the wall thickness and
reinforcement for the box culvert nodes:

Nodes | Member _ Wall _ As Inn_erz(_:age 1, | As Ou_ter2(_:age 2, Cover_ Cover_
Thickness, in. in.“/in. in.“/in. Cage 1,in. | Cage 2, in.
1 Top 10 0.0458 0.0208 15 15
2 Top 10 0.0458 0.0208 15 15
3 Top 10 0.0458 0.0208 15 15
4 Top 10 0.0458 0.0208 15 15
5 Top 10 0.0458 0.0208 15 15
6 Top 10 0.0458 0.0208 15 15
7 Top 15 0.0458 0.0208 15 15
8 Top 20 0.0458 0.0208 15 15
9 Side 15 0.02 0.0208 15 15
10 Side 10 0.02 0.0208 15 15
11 Side 10 0.02 0.0208 15 15
12 Side 10 0.02 0.0208 15 15
13 Side 10 0.02 0.0208 15 15
14 Side 10 0.02 0.0208 15 15
15 Side 10 0.02 0.0208 15 15
16 Side 10 0.02 0.0208 15 15
17 Side 15 0.02 0.0208 15 15
18 Bottom 20 0.0242 0.0208 15 15
19 Bottom 15 0.0242 0.0208 15 15
20 Bottom 10 0.0242 0.0208 15 15
21 Bottom 10 0.0242 0.0208 15 15
22 Bottom 10 0.0242 0.0208 15 15
23 Bottom 10 0.0242 0.0208 15 15
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24

Bottom

10

0.0242

0.0208

1.5

15

25

Bottom

10

0.0242

0.0208

1.5

1.5
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LRFD load factor - 1.35

Number of construction steps - 6
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Load modifier - 1.05 (non-redundant for earth load)




12.2 Creating the CANDE Input Document

Figures 12-2 through 12-5 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure. After clicking “Next” on Screen 4, CANDE wiill
display a screen indicating that an input path is initiated - click “Finish.” The user is prompted

for a filename and directory.

Ll
Control Information
~Typeof analysis ———————————— i~ Level 2 Specific CAN D E
% Andysis i Canned meskh type Soil mesh pattem
® Desey " Finemesh {¥ Enharkment
& Bowmesh € Trench 2 OO 7
—Method of andlysis/design———————
& R {1 Erchmesh 1 Hompgenaus | _I_ W' d
_ : — NPUT WiZar
 Semice Interface elements (pipe anly)]
{* Fine-sal
i Solution level r o -
£ Elastioty Level 1 Tretitrii Welcome to the CANDE input Wizard|
& i e ' None You will enter some basic information
L ] about your model and CANDE will
(" FEM-user mesh [Level 3] prepare a starter input document that you
B e e e e tan custornize for your lparticular rodel.
s the auto-generate option for After S complete th? input for each
the interface elements IU 3; Number of rodes b change screen in the Input Wizard, press the
. Mext' button until you have reached the
IU 3 Humber of elements to change end. Once campleted, press the 'Finish'
; IU 3: Humber of new loading/boundany conditions button to erter the CANDE input menus, |
i <!  Number of pipe element graups Control Inforrmation
iz Sl On the control infarmation screen, enter
- : key information regarding the type of
INewInput file Heading for output model, methad of analysis, etc. J
<< Frey | Mest > | Finisty | Cancel | Press 'F1' for help

Figure 12-2 — Input Wizard, Screen 1
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Level 3 input

Level 3 Information

=10l

i Select level 3 input option ———— [~ Select the mesh import file
% Manual input Impart file |
" Import mesh file |None

Humber of nodes

i

Humber of elements

338

Hurnber of boundary conditions

100

Mumber of aoil materials

Ju

Number of interface materials

<< Prew | Hewt 3 | Finisty | Cancel |

r Lewel 3 options
¥ |1 3: Mumber of pipe element groups

[Lewvel 3 only)

Press 'F1' for help

CANDE

2007
Input Wizard

Level 3 Information

The level 3 screen provides two options for
designating a CANDE Level 3 finite
element mesh.

Manual Input

Using this option, specify key information
related to the size of the model {.e.
number of nodes, number of elements,
Bte.)

The input wizard will create "blank” entries
far each piece of level 3 information that
will then be filled out in the CANDE input
Menus.

Import mesh file

Heinn thin manthad tho urar nae irmnas

| »

Figure 12-3 — Input Wizard, Screen 2
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S Level 3 input

I:\r'||_',‘,|

2007
Input Wizard

Pipe Material Information
Enter information on this screen related to

the Pipe Material chosen. For Level 1 and
2 type models, only one pipe material is
entered.

For Level 3 models, this screen will be
repeated N times, where N is the “Number
of pipe element groups” entered on the
“Control Information” screen.

Az you change your input on this screen
input will be enabled or disabled
depending on the applicability for the

ial chosen

Figure 12-4 — Input Wizard, Screen 3
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8 Enter the soil material information 10l =|
Soil Properties

. . Select ‘canned' or ‘User soil parameters
Soil Material Mode! (Bl s 3. 4 erdl el CAN D E
Sail 0-50l 0 1| sotropic-Linear Elastic j Canned
Sail 0-5ail 0 FDuncan/S eiig x| canned 2 O O 7
Input Wizard

I [ [

# 5ol 0-50l 0 3-Duncan/Selig j Canned

[
Soil Properties Inforrmation
Enter information on this screen related to
the Soil Properies. This screen is only
applicable for Levels 2 and 3
For Level 2 models, the number of soil
madels is predetermined by CANDE.
For Level 3 models, the number of soil
models is input on the "Level 3
Information” screen.
Set the Soil Material Model type along
with information related to the type
chosen. Specific soil names and
properties will input on the rmain CANDE
input screens once the input wizard has
completed the initial generation of the
input document.

<< Prev Mexst = Firish | Cancel | Press 'F1' for help

Figure 12-5 — Input Wizard, Screen 4

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 12-6.

Enter an appropriate heading for output and click “Accept Input.”
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!:IZ:"»,Dncuments and Settings'bpstrohmanDesktop’Level3-ANALYS-LRFD-CONCRETE - [Input Commands: C:Docum

ol Fle Edt PRun  Yiew Window Help

DzE &h 00 W& %R

=18l x|
-9 x

" Show Help ™ Show input

& __I taster Caontrol - &
=] J Master Control 1
5 J Master Control 2
EI __I Fipe Definition - B
[=E J Pipe Definition 1
Conciete Material and Strength P
Concrete Material Properties 2
h Concrete Reinfarcing Steel Proper
t1 X | Concrete Wall Thickness and Reir
E Concrete Resistance Factors for L
=3 J Solution Level Statements - C
j Control Parameters (Level 3
Made Input [Level 3]
Element Input [Level 3]
Boundary Condition Input [Level 3]
=} J td aterial Diefirition Statements - 0
E| _I Material Definition 1
2 :‘ Material Control Parameters(M ateri
x

0 0 Master Cantrol A-1

— Type of analpsis
51 Enalysis
£ Design

— Method of analysis
& LRFD
£ Senvice

— Solution level

{7 Elasticity (Level 1]

) FEh-auto mesh (Level 2]
& FEM-user mesh [Level 3]

E |sotropic: Linear Elastic P
_I Material Definition 2

Pl tdaterial Cantrol P, {
P Duncan and Duncan/Selig Modz!
=] _I Material Definition 3

tdaterial Cantrol P, {
i Duncan and Duncan/Selig Modsl
=] _J LRFD Definitions -
J LRFD Load Factors

| | |

\Menu Selected: Master Cantral 1

Figure 12-6 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 12-6 shows “X” for all the screens that require additional
input for which no default is provided.
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 12-7 through 12-17 show the completed input for
the screens requiring data for the tutorial, except that only one material definition is shown.
Input the remaining definition screens. As input is modified, a ‘blue circle’ icon will appear in the
menu input tree. This is a visual indicator that some input on that menu has been modified.

After completing each screen, click “Accept Input” and the blue circle in the control panel will

INEW Input file Heading for output
|1 :I Mumber of culvert element groups
|3D M aximum number of iterations/step
Jo Culvert 1D [Process 12:50)
IU Pracess ID [Process 12-50]
ID Subdomain 1D [Process 12-50)

Accept Input Cancel

\Done

disappear indicating all fields have data.
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o File Edit Run  Wiew Tools

D &6 1o B e

I~ ShawHelp I Show input

= __] kM azter Contral - &
E|__] M aster Contral 1

: _] Master Control 2
=-+{_| Pipe Definition - B
£ Pipe Defirition 1
Concrete Material and Strength Pn
Concrete Material Properties 2
Concrete Reinforcing Steel Proper
¥ | Concrete wWall Thickness and Reir
Concrete Resistance Factors for L
=] __] Solution Level Statements - C
----- I Contral Parameters [Level 3]

Mode Input [Level 3]
----- ¥ | Element Input [Lewvel 3]

- Boundary Condition Input [Lewvel 3]
[—:I__] I aterial Definition Statements - D
E-_| Material Diefinition 1
j Material Control Parameters(Materi

lzotropic Linear Elastic Parameters
-] Material Defirition 2

Material Contral Parameters(Materi
j Duncan and DuncansSelig Madel
E-_| Material Definition 3
I Material Control Parameters(Materi
j Duncan and DuncansSelig Madel

E]---'__]_LF! FD Definitions - E
e LAFD Load Factors

| | |

0| 0' | haterial (Concrete) B-1

Concrete Material Properties

Comprezsive strength of concrete [Fe) ISDDU psi

“oung's modulus in elastic range  |-9%"- psi
Poisson's ratio ID-‘I 7
def.

Multiplying factor to compute nominal shear strength

Shear strength equation
" Pipesfarches
" Boxes/3sided > 2'fil
% Boxes/3sided < 2'fil

Accept Input Cancel

|Menu Selected: Concrete Material and Strength Properties |D0ne

Figure 12-7 — Input Screen B-1
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"\ Documents and Settings',bpstrohman’,Desktop', Temp'Level3-ANALYS-LRFD-

- | Master Control - &
E-D Master Contral 1
“ ] Master Conrol 2
___| Pipe Defirition - 8
=] Pipe Defirition 1
Cancrete Material and Strength Pr

Cancrete Reinforcing Stesl Froper
- % | Concrete Wall Thickness and e
.| Concrets Resistance Factors for L
EID Solution Level Statements - C
Contral Parameters (Level 3]
Mode Input [Level 3]
Element Input [Lewvel 3]
Boundary Condition Input [Level 3]
=} D Material Definition Statements - O
= D Material Definition 1
i Material Control Parameters(M ater
|satropic Linear Elastic Parameters
D Material Definition 2
- Material Control Parameters[M ateri
- Duncan and Duncan/Selig Model
D Material Definition 3
- I aterial Control Parameters{h ster
Duncan and Duncan/Selig Model

E+_| LRFD Definitians - £
D LRFD Load Factors

Figure 12-8 — Input Screen B-2

NCHRP 15-28 — Tutorial Problem 12 -12-11-



Documents and Setting: y -] ili
o Fle Edt Run  iew Took Window  Help _ 8 x

DEEHEh Do uE xR
™ ShowHelp I Show input 2'2' Material (Concrete) B-3

Reinforcement Steel Placement and Properties

El---__]_Mastar Control - & Reinforcement shape
E-'_J_Masler Control 1 ) Gk
] Master Cormrol 2
[ ] Fipe Defirition - E € Eliptical
= J_Plpa Definition 1 & frbirary
i Cancrete Material and Strength Pro
Concrete Material Properties 2 ! Boges

Cancrete Reinforcing Steel Properti
X | Cancrete ‘Wall Thickness and Flein Yield stress of reinforcing steel IBEDUU psi
_ | | Concrete Resistance Factors for LF

[—]__] _Sn\ulinn Level Statementz - C Young's modulus of reinforcing steel |2SDDDDDD psi

Control Parameters [Level 3]

Mode Input [Level 3 Poisson's ratio

IEI.3
Element Input [Level 3) Inner surface spacing betwesn rows of rebar |2 in
Boundary Condition Input [Lewvel 3)
=] .__]_Matenal Definition Statements - D Outer suface spacing between ows of rebar |2 in
- aterial D efinition 1 |1 3
Number of I f reinh t =
Material Control ParametersMaterie T . 0 B0 LT G A
. Isotropic Lingar Elastic Parameters Mumber of outer cage layers of reinforcement I1 3:
=[] Matsiial Definition 2 _
1| Material Control Parameters(t ateriz i~ Type of reinfarcement
“i | Duncan and Duncan/Selig Model F " Smooth wire or plain bars

=[] Mateiial Definition 3

& .
:i I aterial Control Parameters(t ateriz peclenedine

) Duncan and Duncan/Selig Madel | " Deformed bars or with stirups
| LRFD Definitions - £
_] LRFD Load Factars i~ Monlinear behavior selection

" Concrete cracking
" Plus concrete yielding and plastic behavior

' Plus steel yielding behavior

Accept Input | Cancel

K| | |

[Menu Selected: Concrete Reinforcing Stesl Properties [Resetting menus

Figure 12-9 — Input Screen B-3
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Documents and Settings',bpstrohman',Desktoph Temp'Level3-ANALYS-LRFi ICRETE - [Input Commands: ocuments and Setti _ =) x(f

ol Fle Edt Run  Yiew Took  Window  Help -8 %
FEER DY EE XA
I Show Help ™ Show Ihput 0 0
Material {Concrete) B-4
Arhitrary Specified Wall Thickness and Reinforcement Steel
EI __] Master Contral - A il PR P F— F—
s Cage s Cage over Cage over Cage
Tk J LA thickness [in"2/in) (in"2/in] (in] [in)
[ | Master Control 2 (in)
=3 __]zlje Diefinition - B 1 |10 0.0458 0.0208 15 15
= Pipe Definition 1
Caoncrete Material and Strength Pr 2 | e e S =
Concrete Material Properties 2 3 |10 (0.0458 0.0208 15 15
Cancrete Reinforcing Stesl Froper 4 10 0.0458 0.0208 15 15
| Concrete Wall Thickness and Reir
= Concrete Resistance Factors for L 5 |0 g e S S
=3 __] Solution Level Statements - C E |10 0.0458 0.0208 15 15
Contral Parameters (Level 3] 7 |15 00458 00208 15 15
Mode Input [Level 3]
Element Input [Level 2] 3 a0 0.0438 0.0208 15 15
Boundary Condition Input [Level 3] g |15 0.0z 0.0208 15 15
=} __] Material Definition Statements - O 10 10 oz 00208 15 15
E| __] Material Definition 1
Matenial Cantrol Parameters(t aten 11 |10 0.0z 0.0208 15 15
P |satropic Linear Elastic Parameters 12 10 0.0z 0.0208 15 15
=] Matesial Definition 2
WM aterial Control P. Mater 13 |10 0.0z 0.0208 15 15
. Duncan and Duncan/Selig Model 14 |10 0.0z 0.0208 15 15
=] __] Material D.alimlion 3 ! 15 10 o2 00208 15 15
I aterial Control P. [GE
i Duncan and Duncan/Selig Model 16 10 0nz 0.0208 15 15
B __] LRFD Definitions - E 17 |15 0.02 0.0208 15 15
A0 G s 18 |20 D22 |002E (15 15
19 |18 0.0242 0.0208 15 15
20 10 0.0242 0.0208 15 15
#oz 0.0242 0.0208 15 15
Tab-Move to nest cell F2lor keystroke]-Edit Cell
| | J Aceept Input | Eaneel Copy Row Shift-Tab-Move back a cell Ctrkal-Tab-Exit data and
[l »

[Menu Selected: Concrete Wall Thickness and Reinforcement: P[Done

Figure 12-10 — Input Screen B-4

Enter the material information in the grid from the table provided in the 'Problem Definition'. To
expedite the entry, fill in the first row, use the '‘Copy Row' button to rows 2-25, and modify the

wall thicknesses and inner/outer cage areas that are different.
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Documents and Settings',bpstrohman',Desktop’,Runs’, Tutorial Level3-ANALYS-LRFD-CONCRETE - [Input Conm - =] x|
o Fle Edt Run  view Took  Window  Help o x

DFAED Do vE R
[~ ShowHelp [ Show input glgl Level 3-C-1, C-2

Title and Integer Contral Yariables

E|__[ Mastar Contral - & Contral Infarmation
E|"__| Master Control 1

H “1 | Master Control 2
Bl J Fipe Definition - B — Data check control
E|--__| Pipe Definition 1 & Fun program

Canciete Material and Stength Pro
Concrete Matenial Properties 2 (" Data check only
Concrete Reinfarcing Steel Properti
Concrete \Wall Thickness and Rein MNumber of construction steps IE 3:
Concrete Resistance Factors for LF |~ Response data autpul
EIJ Solution Level Statements - C C Mini
@/ Control Parameters (Level 3) it

Mode Input [Level 2) ¢ Standard
- ]| Element Input [Level 3]

Boundary Condition Input [Lewvel 3) € Phus Duncan
=} _J Material Defirition Statements - O " Plus inteiface
=[] Matsiial Dafiniion 1
i Material Control Parameters{Materiz | [~ Mesh output

¥ | lsotropic: Linear Elastic Parameters © Contral
=] _J Mat:la\ D.ellmtng | e Minor

aterial Control Parameters(Materiz
j Duncan and Duncan/Selig Model F % Created data
E-J Material D efinition 3

Material Control ParametersMateriz
‘oo | Duncan and Duncan/Selig Model F
|-__-|_J LRFD Definitions - E T kel rurbes of rodes | 352

LRFD Load Fact
J oad Factors Total number of elements 1338

Total number of boundary conditions I1 00
Total number of soil materials I3 Mote:

Total number of intertace materials IU— Decreasing the "Number of Soil Materials" and/or
"MNurnber of interace materials" will delete

existing rmaterials from your input

Title |Leve\ 3 defaults set

 Maimum

ﬂ | ﬂ Accept Input | Cancel |

[Menu Selected: Control Parameters (Level 3) [Resetting menus

Figure 12-11 — Input Screen C-1, C-2

Nodal coordinates, elements, and boundary conditions were defined using the methods
described in Chapter 5, C-3, C-4, and C-5 of the User Manual. Figure 12-12, 12-13, and 12-14
show the top portion of the C-3, C-4, and C-5 input screens using this method. A complete
input file of the problem is displayed at the end of this section of the tutorial.
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_1ol x|

o= File Edit Run Wig Tools Windaw Help - 5 x

D &5 @0 B 8>

[~ ShowHelp I Show input 0| O | Lewvel 3 - C-3
MNode Input
E|---__]_Mastet Contral - &
= Master Contral 1 g # [in)/ Ref ' (i)~
- —-—] Moaster Control 2 Linnit Mode Code Type MHode hode node
I:—:I---__]_F'ipe Drefinition - B ;I 1 O-ztan, ;I O-Mane ;I O-basic input ;I 1] a
=+ | Pipe Defirition 1 <52 Ot ~on ~|[= dee =0 &
Cancrete M aterial and Strength P _I Fan.. _I one _I = _I
Concrete Material Properties 2 LI 86 O-stan... LI O-None ;I 2-gen nodes LI 0 74
Concrete Reinforcing Steel Proper ;I 102 O-gtan... ;I O-Moke ;I O-basic input ;I i} 25
Concrete wall Thickness and Reir
- Conorete Resistance Factors far L ;I 1 O-gtan, ;I O-More ;I 1-recall MMFP ;I .def. .def.
1 _]_Solution Level Statements - C ;I B O-stan, ;I 0-Mone ;I 2-gen nodes ;I 50 a
Control Parameters [Lewvel 3] LI g O-stan. LI O-Mane ;I Z-gen nodes LI E5 i}
©| Mode Input [Lewvel 3] LI 8 o= ;I T ;I D a— LI =5 B
-4 % | Element Input [Level 3] -stan -Hone "DaHE InpLy
e B oundary Condition Input [Lewvel 3] LI 12 O-stan... LI O-Mane ;I Z-gen nodes LI 100 a
EIE] _th:‘:latl D.elflgltlﬁnftat‘lements SE =17 O-stan... |»|| O-Mome || 2-gen nodes || 200 a
= aterial D efinition
M aterial Control Parameters(t ateri LI 18 O-stan... LI O-None ;I T-recall MNP LI -def. -def.
_—] |zotropic: Linear Elaztic Parameters LI 23 O-stan... LI O-Marne ;I 2-gen nodes LI 50 20
= b aterial D efinition 2
{ M aterial Control Parameters(bater LI & e LI lene ;I giosninedes LI e ey
) Duncan and DuncandS elig Model LI 26 O-stan... LI O-Mane ;I O-basic input LI 70 20
E‘"_._] Material Definition 3 LI 29 O-ztan... LI O-Mane ;I Z-gen nodes LI 100 20
b aterial Control Parameters(b ateri
) H Duncan and Duncan/5siig Model LI 34 O-star . LI O-MNaone ;I Z-gen nodes LI 200 20
El---_?_]_LFlFD Definitions - E ||=s O-stan_. | w|| O-Nore || 1recal NMP || det def.
""" CAlAUICER RS - LI 40 O-stan.. LI O-More ;I 2-gen nodes LI ] 40
— AN Mot — [N P — R R P —llrc AN il
«| [ »
& | I C | Tab-Move to next cell F2[ar kepzstroke]-Edit Cell
il | N coept Input ancel Shift-Tab-Move back a cell  Chl-alt-Tab-Exit data arid
|Menu Selected: Mode Input (Lewel 3) |Done .

Figure 12-12 — Input Screen C-3

NCHRP 15-28 — Tutorial Problem 12 -12-15-



' Tutorial 12 screen captures'Level3-ANALYS-LRFD-C

_1ol x|

Help - 8 x

[~ ShowHelp I Show input 0| O | Lewvel 3 - C-4
Element Input
E|---__]_Mastet Contral - &
=] __] taster Contral 1 =
—y L] Master Conlral 2 Limit | Element Node | Node J Node K Node L Mat
= _F'lpe Drefinition - B
=+ | Pipe Defirition 1
- =1 1 2 13 18 1
Cancrete M aterial and Strength P —I
Concrete b aterial Properties 2 LI 20 24 25 102 o 1
Concrete Reinforcing Steel Proper ;I 21 o5 a7 104 102 o
Concrete wall Thickness and Reir
_ Concrete Resistance Factors for L ;I e = S il 10 2
- _]_Solution Lewvel Statements - C ;I 29 94 a5 112 111 1
----- Control Parameters [Lewvel 3] ;I a5 101 102 119 118 1
----- Mode Input [Level 3)
----- ©| Element Input [Level 3] LI 97 11a m 121 120 3
e Eoundary Condition Input [Lewvel 3) ;I 132 148 149 188 158 3
IZ—II_] I aterial D.eflnltlo_n.statements -D LI 133 150 151 161 180 3
L:_|__] M aterial D efinition 1
4 aterial Control Parameters(iater LI 153 178 173 129 188 3
_—] |zotropic Linear Elastic Parameters ;I 180 180 12 191 140 el
= b aterial D efinition 2
M aterial Control Parameters(bater ;I LG £ LS glts glts E
Duncan and Duncan/S elig Model ;I 178 200 20 218 217 ]
Material Defintion 3 ;I 195 208 209 295 295 B
b aterial Control Parameters(b ateri
. Duncan and DuncanS elig Model LI 187 210 21 228 227 3
I'—_'l---__]_LFIFD Diefinitions - E LI 218 242 243 260 259 3
""" St e e BIEE 244 245 262 261 3
LI 250 276 277 294 293 3.
| | ]
& | I C | Tab-Move to next cell F2[ar kepzstroke]-Edit Cell
il | N coept Input ancel Shift-Tab-Move back a cell  Chl-alt-Tab-Exit data arid
|Menu Selected: Element Input {Lewvel 3) |Done

Figure 12-13 — Input Screen C-4
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' Tutorial 12 screen captures' Level3-ANALYS-LRFD-|

_1ol x|

Help - & X
[~ ShowHelp I Show input 0| O | Lewvel 3 - C-5
Boundary Condition lnput
E|---__]_Mastet Contral - &
=] __] taster Contral 1 Peales
_ | Master Control 2 Lirnit Mode #-Code # Walue Y-Code Y Value ng—
= Pipe Definition - B " "
EI---__]_PipeDefinitiDn1 LI 1 1-Dizp. I... LI 1] 1-Dizp. I... LI 1] .def.
Cancrete M aterial and Strength P LI 18 1-Dizp. I... LI 1] O-Farce ... LI .def. .def.
Concrete M aterial Properties 2 210 1Dz, | 0 0F. | def ded
Concrete Reinforcing Steel Proper LI !sp. LI oree b LI e o
Concrete Wall Thickness and Reir LI 7 1-Disp. I... LI o 0-Forcel... LI -def. def.
O Concrete Resistance Factors for L |=l|129 1-Disp. ... =][0 O-Force .. v || .def. def.
= Solution Level Statements - C 5
_____ I Control Paramoters [Level 3] L [=llzzs 1-Disp. 1. =][D O-Force .. || def def.
..... Mode Input [Level 3) L LI 1 O-Force ... LI _def O-Farce ... LI .def def.
""" Element Input Lewvel 3] L= O-Foree | x]|.def O-Foree | x]|.def def.
ey ©| Boundany Condition Input [Lewvel 3)
[—:I_] I aterial Definition Statements - O L= D-Forcel. || det D-Forcel. || det CEE
=-{__| Material Definition 1 L =l O-Force | || def O-Foree | x]|.def def.
Malenél C?nlrul Palamelers[Malell L LI 1 NForce | LI def NForce | LI def ded
|zotropic: Linear Elaztic Parameters
|:_:|__] Material D efinition 2 L LI 1 O-Farce ... LI .def O-Farce ... LI .def def.
j M aterial Control Parameters(i ateri L LI 1 O-Force | LI _def O-Farce | LI _def def.
Duncan and Duncan/S elig Model
Material D efirition 3 L LI 1 O-Farce ... LI .def O-Farce ... LI .def def.
M aterial Control Parameters(i ateri L= O-Foreel.. =]|.det. O-Foreel.. =]|.det. .def.
. DL.m.c.:an and Duncan/S elig Model L= O-Foreel.. x| .det. O-Foreel.. x| .det. .def.
El---_J_LFlFD Definitiens - E L LI 1 O-Force | LI def O-Force | LI def def
Bl LRFD Load Factors e e et
L= O-Foreel.. x| .det. O-Foreel.. x| .det. .def.
LI = O-Foreel.. x| .det. | O-Foreel.. x| .det. .def. -
1 r
& | I C | I Tab-Move to next cell F2[ar kepzstroke]-Edit Cell
il | N coept Input ancel Shift-Tab-Move back a cell  Chl-alt-Tab-Exit data arid
|Menu Selected: Boundary Condition Input {Lewel 3) |Done

Figure 12-14 — Input Screen C-5
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=18]x]

-8 x

Level3-ANALYS-LRFD-CONCRETE - [Input Commands:

Documents and Setting:
o Fle Edt Run  view Took  Window  Help

DFE & 068 E xR

[~ ShowHelp [ Show input glgl Material Definition - D-1
Iaterial Cantrol Parameters
=3 _J taster Control - &
: E|__| Master Control 1 Material ID I-I—
H “0| Master Control 2
E+_| Pipe Defiritian - B Type lm
E|__| Pipe Defirition 1
oo | Concrete Material and Strength Pn Density |120 Ib/ft"3
Concrete Material Properties 2 lﬁ
Concrete Reinfarcing Steel Proper facialiane [T
Concrete 'Wall Thickness and Reir Numhber of layers [aver buiden anly] |10 3:
Concrete Resistance Factors for L
=3 J Solution Level Statements - C
H Contral Parameters (Level 3]
Mode Input [Level 3]
Element Input (Level 3) Accept Input Cancel | Delete |
Boundary Condition Input [Level 3]
=} _J Material Definition Statements - O
- __I M aterial D efinition 1
| Material Control Parameters(h ater
X | Isotrapic Linear Elastic Parameters
=] Material D efinition 2
Material Control Parameters[t ateri
Duncan and Duncan/Selig Model
= J Material Definition 3
: Material Control Parameters(M ateri
| Duncan and Duncan/Selig Model
E+{_| LRFD Definifons - E
J LRFD Load Factors
4 | |
[Menu Selected: Material Control Parameters(Material 13 [Done

Figure 12-15 — Input Screen D-1 for Material 1
(Note: Repeat for Materials 2 and 3 with values provided in the ‘Problem Definition”)
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-8 x

Level3-ANALYS-LRFD-CONCRETE - [Input Command

Documents and Setting:

o Fle Edt Run  Wiew Tools  Window Help

= = = el e W e |
I~ ShowHelp [~ Shaw input Q0 Material Definition (lsotrapic) - D-2
Elastic Parameters

=3 _J taster Control - &

= __I Master Control 1

| J Master Contral 2 ‘foung's modulus I2500 psi
& J fiioe Defimition:‘E Paisson's ratio |U25—
E|-__| Pipe Defirition 1

i | Concrete Material and Strength P

Concrete Material Properties 2
Concrete Reinfarcing Steel Proper
Concrete Wall Thickness and Reir
Concrete Resistance Factors for L
= J Solution Level Statements - C
H Contral Parameters (Level 3]

Mode Input [Level 3]

Element Input [Level 3]

Boundary Condition Input [Level 3]
=} _J Material Definition Statements - O
- __I M aterial D efinition 1

td aterial Control Parameters(h ster

=] Material D efinition 2
j Material Control Parameters[t ateri

Duncan and Duncan/Selig Model Accept Input Cancel

= J Material Definition 3
: Material Control Parameters(M ateri
| Duncan and Duncan/Selig Model

E+{_| LRFD Definifons - E

J LRFD Load Factors

4 | |

[Menu Selected: Tsotropic Linear Elastic Parameters

Resetting menus

Figure 12-16 — Input Screen D-2 for Material 1
(Note: Repeat for Materials 2 and 3 with values provided in the ‘Problem Definition”)
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Under LRFD load factor in Figure 12-17 enter the combined value of the load factor and load
modifier, i.e. —1.35*1.05=1.42

Documents and Settings',bpstrohman',Desktop’, Temp®, Tutorial 1ZL3C0) IALYS-LRFD-EMBA - [Input Commands: cuments and Settings'bpstrohma =8 ill

o Fle Edt Run  Wiew Tools  Window Help o x

DEE D DoBExR J
I Show Help [ Showinput ﬂ 0 LRFD Losd Factors E-1

Met Load Factor per Load Increment

= D Master Contral - & Starting

i E-D M aster Control 1 Load Ié?es;\_oad Load Factor Cormiment

H e D Master Contral 2 Step

= D Fipe Diefinition - B 1 1 142 Factor for load step #1

E'D fipeDenienl] 2 2 1.42 Factor for load step B2

Concrete Material and Strength P
Concrete Matenial Properties 2 3 3 142 Factor for load step #3
Canciete Reinforcing Steel Proper 4 4 142 Factor for lnad step Hé
Concrete Wall Thickness and Reir
Concrete Resistance Factors for L 5 e 2 fectooibadsieelt

=3 D Solution Level Statements - C 6 B 1.42 Factor for load step HE

Control Parameters (Level 3]

Mode Input [Level 3]

Element Input [Level 3]

Boundary Condition Input [Level 3]

=3 D I aterial Definition Statements - 0

=] D Material D efinition 1

I aterial Control Parameters{h ster
E |sotropic: Linear Elastic Parameters

D Material Definition 2

i H Material Control Parameters(M aten

s Duncan and Duncan/Selig Mode!
= D Material Defirition 3
i tdaterial Cantrol Parameters{h ster
Duncan and Duncan/Selig Model
E+_| LRFD Definitions - E

B @ LRFD Load Factors

L]

Tab-tove ta nest cell F2[or keystroke]-E dit Cell
‘ | | ﬂ Aot Input | Caneel Add row Delate raw Shift-Tab-Move back a cell  Chrl-4)t-T ab-Exit data arid

[Menu Selected: LRFD Load Factars [Resetting menus

Figure 12-17 — Input Screen E-1
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CANDE-2007 Input File:

A-1TTANALYS

A-2_L3TICONCRETE
B-1.Concrete!! 5000
B-2._.Concrete!! 0
B-3.Concrete! 'ARBIT

2 3

B-4_Concrete.Casel_211! 10
B-4_Concrete.Casel_21!! 10
B-4_.Concrete.Casel_21!1 10
B-4_Concrete.Casel_21!1! 10
B-4_Concrete.Casel_211 10
B-4.Concrete.Casel_21!1 10
B-4_Concrete.Casel_21!! 15
B-4_Concrete.Casel_211 20
B-4_Concrete.Casel_211 15
B-4_Concrete.Casel_211! 10
B-4_Concrete.Casel_2!! 10
B-4_Concrete.Casel_21!1 10
B-4_Concrete.Casel_211! 10
B-4_Concrete.Casel_21! 10
B-4_Concrete.Casel_2!! 10
B-4_Concrete.Casel_211 10
B-4_Concrete.Casel_211 15
B-4_Concrete.Casel_21! 20
B-4_.Concrete.Casel_21!11! 15
B-4_Concrete.Casel_211! 10
B-4_Concrete.Casel_211! 10
B-4_Concrete.Casel_21!! 10
B-4_.Concrete.Casel_21!11! 10
B-4_Concrete.Casel_211! 10
B-4_Concrete.Casel_211! 10
B-5.Concrete!! 0.9
C-1.L3!IPREP Level

OOOOOOOOOOOOOOOOOO?OOOOOOOOOOOOOOOOO

|
WWWWWWWWWWwWwWwWwWwWwwWwwWwWwWwWwwWwwWwWwwWwWwwWwwWwwWwwWwwWwwwwwwN

.L311 6 3
.L311 1 000
L3111 52 002
L3111 86 002
L3111 103 000
.L311 1 001
L3111 6 002
L3111 8 002
.L311 9 000
.L311 12 002
L3111 17 002
L3111 18 001
.L311 23 002
.L311 25 002
L3111 26 000
.L311 29 002
.L311 34 002
.L311 35 001
L3111 40 002
.L311 42 002
.L311 43 000
.L311 46 002
L3111 51 002
.L311 52 001
.L311 57 002
.L311 59 002
L3111 60 000
L3111 63 002
.L311 68 002
.L311 69 001
L3111 74 002
L3111 76 002
.L311 77 000
.L311 80 002
L3111 85 002
.L311! 86 001
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3 de
0

[eNoNoNoNoNoNoNa]

[eNoNoNoNoNoNoNa]

3 1 1120 x 84 Rein.
0.17
0.001 0.002
65000 29000000
.0458 0.0208
.0458 0.0208
.0458 0.0208
.0458 0.0208
.0458 0.0208
.0458 0.0208
.0458 0.0208
0458 0.0208
0.02 0.0208
0.02 0.0208
0.02 0.0208
0.02 0.0208
0.02 0.0208
0.02 0.0208
0.02 0.0208
0.02 0.0208
0.02 0.0208
0242 0.0208
0242 0.0208
0242 0.0208
0242 0.0208
0242 0.0208
0242 0.0208
0242 0.0208
0242 0.0208
0.75 0.9
faults set
3 1 362
0 0
0 60
0 74
0 86
50 0
65 0
70 0
100 0
200 0
50 20
65 20
70 20
100 20
200 20
50 40
65 40
70 40
100 40
200 40
50 60
65 60
70 60
100 60
200 60
50 67
65 67
70 67
100 67
200 67
-12-21-
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o
o
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.L311
.L311
.L311
L3111
.L311
.L311
.L311
L3111
.L311
.L311
L3111
L3111
L3111
.L311
.L311
L3111
.L311!
.L311
.L311
L3111
L3111
.L311
.L311
L3111
.L311
.L311
.L311
L3111
.L311
.L311
.L311
L3111
.L311
.L311
L3111
L3111
L3111
.L311
.L311
L3111
.L311
.L311
.L311
L3111
L3111
.L311
.L311
L3111
.L311
.L311
.L311
L3111
.L311
.L311
.L311
L3111
.L311
.L311
L3111
L3111
L3111
.L311
.L311
L3111
L3111
.L311
.L311
L3111
L3111
.L311
.L311

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO?OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
WWWWWWWWWWwWWwWWWwWwWwWwWwWwWwWwWwWwWwWwWWwWwWwWwWwWwWwwWwWwWwWwWWwWwwWwWwWwWwWwWwWwWwWwwWwWWWwwWwWwwWwWwWwWwwwwWwwWwwWwwWwwwwww

002
002
000
002
002
001
002
002
000
002
002
001
002
002
000
001
000
002
002
001
000
002
002
001
000
002
002
001
000
002
002
001
000
002
002
001
000
002
002
001
000
002
002
001
000
002
002
001
000
002
002
000
002
000
000
002
000
001
002
002
000
002
002
001
002
002
000
002
002
001
002

NCHRP 15-28 — Tutorial Problem 12

65

70
100
200

70
100
200

70
100
200

70
100
200

70
100
200

70
100
200

70
100
200

70
100
200

70
100
200

[eNoNoNoNoNo)

17

9
9
9

111.
111.
111.

122.
122.

122

143.
143.
143.

154.
154.
154.

17
17
17
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101
165
2.5

3.5
3.5
3.5

101
101
101

67

67

33

.33

133
133
133

67

67

33

33

165
165
165

2.5
2.5
2.5
180
192
198
204
288
300

180
180
180
180
180

186
186
186
186
186

192

10
10

17

17



L3111
L3111
.L31!
L3111
L3111
L3111
L3111
L3111
L3111
.L311!
L3111
L3111
L3111
L3111
.L31!
_L3NIL
L3111
L3111
.L31!
L3111
L3111
L3111
.L31!
L3111
L3111
L3111
.L31!
L3111
L3111
L3111
_L311
L3111
L3111
L3111
L3111
L3111
L3111
L3111
L3111
L3111
L3111
L3111
_L311
L3111
L3111
L3111
_L311
L3111
L3111
L3111
.L31!
L3111
L3111
L3111
L3111
L3111
L3111
L3I
L3111
L3111
L3111
L3111
.L31!
_L3NIL
D-111
D-2._1sotropic!!
D-111
D-2_Duncan!!
D-111L
D-2_Duncan!!
E-111

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO?OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

|
OO AMIAMIAMIMDIMDIMIMIMLAMDIMDIDDIDDIAIALADLADIADDDEALALADDDIDIDDIDALADLADDDIBEADIDDLADPADDDRDROOOOWWWWWWWWWWWWW

251

226

RPOWON

002

250
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0.5

0.5

19 18
102 101
104 103
111 110
112 111
119 118
121 120
159 158
161 160
189 188
191 190
209 208
218 217
226 225
228 227
260 259
262 261
294 293

cNeoNoNoNoNo)

1
0
0
0
0
0
i

120In Situ
0.25
120SwW95
1
120SwW95
1

1.42Factor for load step #1
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192
192
192
192

198
198
198
198
198

204
204
204
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10

10

10
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17

10

10

10

10

17

17

17
103
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119
209
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E-111 2 2
E-111 3 3
E-111 4 4
E-111 5 5
E-111 6 6

STOP

1.42Factor
1.42Factor
1.42Factor
1.42Factor
1.42Factor

for
for
for
for
for

When all input is complete and saved, click “Run” and

load step #2
load step #3
load step #4
load step #5
load step #6

“CANDE-2007" on the main toolbar to

execute the program. This will open the “Running CANDE” window which will allow you to

monitor the run as it progresses. When the program is complete, a check box “CANDE Analysis

Complete” window will appear. Click “OK” and check if the “Running CANDE” window states

“Normal Exit From CANDE.” If an error has occurred, the program will identify the input line of

the error. Reopen the input file and review for mistakes — using the find option may assist in

locating the problem as the line numbers correspond to the CANDE error message. Click the

“Close” button in the “Running CANDE” window to return to the user interface.
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12.3 Reviewing and Interpreting the Output

Now proceed to check the output file. Tools to assist in this process are the mesh plot and
graphs available under the “View” menu on the main toolbar. Users should explore the use of
the buttons on the toolbars of the mesh plot screen. Element and node numbering, material
information, boundary conditions, and construction increments may all be added or removed

from the plot. The “Plotting Parameters” button allows the user to:

. change the magnification of the deflections,

. eliminate the magnitude of early deflection/stress values - for example the deflections
and stresses due to the self weight of the in situ soil may not be of interest, or the user
may wish to see only the deflection/stress due to a live load condition, and

. change colors or add increment identifiers.

Begin with the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Open the
plotting parameters menu and click the check box “Show constr. increment numbers.” Click
“OK,” set Load Increment to 6 to show the entire mesh and click the toolbar icon to turn on the

construction steps. The mesh plot should look like Figure 12-18.
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!:I:"-.,Prniects"-.,l]5I]5:uu"-.,l]5I]5ZE.IIII]—ENDE"-.,Tutnrial"-.,TutnriaI 12 screen captures’Level3-ANALYS- — |EI|1|
o= File Edit Run Wig Tools Windaw Help - 5 x
I
N AR |
=]
|
=)
Kl [ =
Coordinates: x = 359,88, ¥ = 43.63 | Skatus
|Menu Selected: LRFD Load Factars |Done |

Figure 12-18 — Mesh Plot for Load Steps 1to 6

To view deflections, open the plotting parameters window and set the deflection magnification
factor to 10, click the “Ignore deflections/by load incr.” check box and set the Load Increment to
1 (see Figure 12-19).

_iojx]

—Mesh Colaing —— | [ Maanification Factors — ) [~ Boundary conditions —— | — Materials and Constuction lnciments —
. ¥ Show force bound v i
- Elemert text color I 10 Deflectian Ok farce haundar ¥ Show material numbers

¥ Show other boundary

- Elernent line caolar I 5 Boundary diameter - t aterial number text color

- V¥ Show constr. increment numbers
Hode e col — Element Mumbering ——— | [ Mode numbering —————— - Constr. increment text color
V¥ Interface numbering V¥ Interface numbering
- Beam element color ¥ Beam numbering ¥ Beam numbering [~ lanare deflectionss
Beam element thickness ¥ Triangular element numbering ¥ Triangular hode numbering ¥ lgnare deflections/by lnad step

|-| ,l ¥ Quad element numbering V' Quad nade numbering
|‘| 5: Load step

Ok | Cancel |

Figure 12-19 — Mesh Window Plotting Parameters
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Select “OK” to close the window. Click the icon to “Turn on/off selected output results” and set
the drop down box to Deflections. Note that if the Load Increment is set to 1, the deflections
due to Load Increment 1 are shown, but when the Load Increment is set to 2, the Increment 1
deflections are ignored. Set the increment to 6 and the screen should look like Figure 12-20.
Other mesh output parameters can also be inspected to determine if the results are consistent
with the design intent.

!:l::'ﬂ.,Ducun1ents and Settings'bpstrohman’Desktop’, Temp®, Tutorial1 2L 3CONC-ANALYS-LRFD-EMBA - [Mesh Plotting: .= ﬂi
ol Fle Edt Run  ¥iew Tools  MWindow  Help - 8 X
DFE &0 008 E xR
B B B, Mo G Ry Deflections B oad sten 6 S|QF | ® S MR F

Scale for Deflections
Note: Results ingored starting with
Load step 1'
Scale not available
H——— —

4 1 I

Coordinates: x = 217.92, y = 237 46 | Status

\Menu Selected: LRFD Load Factors \Resetting MENUS \

Figure 12-20 — Deflections, Excluding Those Due to Self Weight of In Situ Soil

Similarly, using the “View CANDE Graphs” button on the toolbar or selecting “View/Graphs” the
user can explore the forces in the culvert itself. Figure 12-21 compares the bending moments
after three increments. This is accomplished using the “Plot multiple load steps” icon at the far
left of the toolbar to uncheck “Show single load step” and check Load Steps 3, 4, and 6, then
“OK”. The “Turn on/off view of pipe” icon on the right side of the toolbar, allows showing the
pipe and the node numbering to assist in interpreting the graph. Turn on the view of the pipe

and set the drop down box to “Bending moment” and the screen should appear as Figure 12-21.
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!:l::"w.pucuments and Settings'bpstrohman' Desktop’, Temp', Tutorial1 2L 3CONC-ANALYS-LRFD-EMBA - [Beam Results: C: .- ili
ol Fle Edt Run  Wew Tools  Window Help

- 8 x
DEWEh n0uExH j
Fa Load step 1 =| Beam group 1 (Concrete) = Bending moment{lb-infiny = O
Bending moment(lb-in/in): Load steps 3,4,6,
T
= 5168.5 ¢ =
T ¢ o a4 8
=3 2584.3 B e 4
= 0 B
@ 0.0 . i
£ P,
o 30 60000 120 150 !10 210 240 270 300
E -2584.3 R ESr—
o LS t_:"f'o
= -5168.5 @ &
b= &
5 ]
oM
Distance along beams from first node(in)
B Mala(F AR R MG R R ,
12345878 -l
1]
1
2
] —
4
6
]
7
25 24 25 2 21 H13[I&
=]
K 1 [
Coordinates: x = 49,38, y = 159,92 | Couldn't set scale

[Menu Selected; LRFD Load Factors Resetting menus |

Figure 12-21 — Bending Moment for Load Steps 3, 4, and 6

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file. Again the file should be inspected for signs of errors or incorrect input. Using the control
window on the left the user can select to review the system input data or the design assessment
(Figure 12-22) by clicking on the appropriate node of the ‘Table of Contents’ browser shown on
the left side of the output viewer. The design assessment is printed after every load step so that

the designer can assess the progress of the design. Figure 12-22 shows the final assessment
printed at the end of the file.
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Documents and Setting, ' Desktoph, Temp', Tutorial 1 2L 3CONC-ANALYS-LRFD-EMBA, - [Output Results:

=18 ]|

o Fle Edt Run  iew Took Window  Help _ 8 x
DFE &b 00 EHE R/ J
é (1,1) 24 27935, 38 -657.70 0.4295 0.00372 d
l 25 28980,30 -643. 26 0. 4459 0.00391
Find

Output Table of Contents

~{25) master control and pipe-type dat
155 review system input data
1) solution output results

DESIGN-CRITERION

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)

SHEAR FAILURE (lbs/in)

| peen

FADIAL-TENSION FAIL (psi)

Find Mext I
—_— ASSESSMENT STMMARY CONCRETE-GROTF

LRFD SUMMARY EVALUATION FOR GROTUP

CONTROL
HODE

25

16

z0

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP &, LOAD 3TEP

1, LOAD-STEF &

1, LOAD STEF &

FACTORED FACTORED
DEMAID CAPACITY
28980. 3 58500.0
1143.6 3750.0
321.9 a73.0
0.0 176.1

NODE NUMEER FOR MAXIMUM CRACK WIDTH ..............
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) .....
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWAELE ..........

SPAN LENGTH FOR AUKXILIARY EQUATIONS ({inches)......

* * F * NORMAL EXIT FROM CANDE * * + +

[Menu Selected; LRFD Load Factors [Resetting menus |

Figure 12-22 — Design Assessment Summary — Load Step 6
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One additional tool is the Results Generator which can be used by selecting “View/Results
Generator” or the “Start CANDE Results Generator” button. Figure 12-23 shows the Results
Generator input screen set to obtain deflection and moment data from the full output file. After
selecting the desired output criteria, click the “Generate/Preview” button in the lower left corner
of the window. A portion of the report with the desired data is shown in Figure 12-24. The three

tabs shown in Figures 12-23 and 12-24 are described in the following:

o General/Mesh Output — allows the user to request to view general mesh output such as
thrusts, shears, bending moments and nodal displacements in the beam elements,
interface element forces and displacements, and stresses and strains in the remaining

mesh elements.

e Beam Output — allows the user to select to view more detailed output within the beam

elements such as maximum fiber stresses, strain ratios, etc.

o Report Preview — displays the desired report.

Results Generator =10l x|

General/Mesh Output | Eearn Dutputl Repart Previewl

™ Print mesh information

i tesh information

|v Load step B

Select Al Clear

— Farmatting

IV Print beam information

— Beam [14 elements)

¥ Frintinterface information

— Interface [0 elements]

V' Frint dizplacement information

— Mode dizplacements

V' MNode dizplacements

I Hoade cnordinates Colurnn ssparator ™ Thrust foree node | ¥ Total nomal interface force

W i |1 I .

W[ Element conmestivity = 2 " Shear force node | ¥ | Total shear interface farce

W Bundany condiions r IV Moment resuiltant node | ¥ Lastiner /normallinterface force
Set all output to exponential

— Select load steps - 2 2 ™ Thiust force node J ¥ | Last incr. /shear interface force

L5 File

F Load step 1 [ Shear force node J ¥ Relative wdisplacement

[~ Load step 3 1S units V' Maoment resultant node J I¥| Helative y-diaplacerment
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Figure 12-23 — Results Generator Input Screen — Load Step 6 Moments and Deflections
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Figure 12-24 — Results Generator — Load Step 6 Beam Stresses
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13. CANDE TEST PROBLEM 13
13.1 Problem Definition

Analyze a 217-inch span (82-inch rise) 3-segment type corrugated steel long span arch setting
on concrete footings with 3 ft of fill over the top of the arch using Working Stress (service)
analysis. The problem is shown schematically in Figure 13-1. The analysis will be with Level 3,
using an imported finite element arch mesh in xml format from Tutorial Problem 9 for a trench
installation having interface elements. This problem analyzes the corrugated steel long span

arch from Tutorial Problem 9, which was performed using a Level 2 analysis.

Live Load

b

Height of soil cover above
T crown of arch = 3 ft N
X 3

U — S

g Backfil, |

%
2 o
5 &

Total rise of
arch structure
= 82.38 in.

Trench Depth
= 9.8 ft

.S In Situ

Footing Depth = 24 in|

I

Arch span = 217.5 in.

Trench Width = 5 f‘[J

Figure 13-1 Details of Problem 13

Developing Level 3 input files for CANDE requires substantial advance planning relative to
Level 2 input files. The engineer must define the installation geometry and boundary conditions
in order to create a mesh. This problem imports Level 2 Tutorial Problem 9 into CANDE using

xml format.

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each

design.

Type of analysis - Analysis
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Method of analysis/design - Service

Solution level - FEM-user mesh (Level 3)

Number of pipe element groups (Level 3 only) - 1

Pipe material type - Steel

Number of connected beam elements - 19

Joint slip - No joint slip

Soil parameters - Canned Duncan/Selig soil models except as noted:

In situ soil - ML 95, LRFD stiffness control = 0, Moduli averaging ratio = 0.5, soil
model = Duncan/Selig formulation

Footing - Canned Linear Elastic - Young’s modulus = 3,600,000 psi, Poisson’s
ratio=0.17

Backfill soil - SW 95, LRFD stiffness control = 0, Moduli averaging ratio = 0.5,
soil model = Duncan/Selig formulation

Soil density - 120 Ib/ft* for all soils and 150 Ib/ft® for the footing
Density of steel - 0.284 Ib/in.3
Culvert material behavior - Bilinear stress/strain
Analysis mode - Large deformation/buckling

Area of pipe wall unit length - 0.267 in.2/in. (Assumes 0.218 in. thick with 6 in. x 2 in.
corrugations)

Moment of inertia of pipe wall/unit length - 0.127 in./in. (Assumes 0.218 in. thick with
6 in. x 2 in. corrugations)

Section modulus of pipe wall/unit length - 0.115 in.3/in. (Assumes 0.218 in. thick with
6 in. x 2 in. corrugations)

Number of construction steps - 13
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Interface material properties - The following summarizes material property definitions for
the interface elements:

Angle from x-axis Tensile breaking
Interface to normal Coefficient of friction
number interface between nodes i and j force of contact
nodes
(degrees) *
1 90 0.3 10
2 86.67 0.3 10
3 83.33 0.3 10
4 80.00 0.3 10
5 76.67 0.3 10
6 73.33 0.3 10
7 70.00 0.3 10
8 66.67 0.3 10
9 63.33 0.3 10
10 60.00 0.3 10
11 56.67 0.3 10
12 53.33 0.3 10
13 50.00 0.3 10
14 41.02 0.3 10
15 32.04 0.3 10
16 23.06 0.3 10
17 14.07 0.3 10
18 5.09 0.3 10
19 -3.89 0.3 10

* For an example calculation depicting how these interface angles were computed and/or
an explanation of the shortcut method for defining interface material properties, see
CANDE Tutorial Problem 6.
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13.2 Creating the CANDE Input Document

Figures 13-2 through 13-5 show the CANDE Input Wizard screens created to initiate the input

document. Enter the data to define the structure.

_inix
Control Information
—Twpeofanalysis ——————————— i~ Level 2 Specific C AN D E
% Andysis i Canned meskh type Soil mesh pattem
o s "/ Finemesh & Enbarkment
% By mesh 1 Trench 2 O O 7
—Method of analysis/design ————————
C R ! frchmesh € Homogenous | T W' d
| _ — nput Wizar
% Serice Irterfacs elements (pipe only)
% Poesl
— Solution level r - =
£ Elasticiy Level 1 Trstetvin:iy Welcome to the CANDE input Wizard|
r M Mgl  Nore You will enter some basic information
I L about your model and CANDE will
(" FEM-user mesh [Level 3] prepare a starter input document that you
¥ 0D Hake changes to the hasiz mesh ————— tan custornize for your _particular rodel.
Use the auto-generate option for After ol cormplete th? input for each
the interface elements Ig 3; Number of nodes to change screen in the Inplut ‘Wyizard, press the
. Mext" button until you have reached the
ID 3 Humber of elements to change end. Once completed, press the 'Finish’
; IU 3: Nurmber of new loading/boundary conditions button to enter the CANDE input menus, |
1 3: Murnber of pipe element groups Control Irformation
el Jauly On the control information screen, enter
- : key information regarding the type of
INewInput file Heading for output model, methad of analysis, stc. J
<< Frey | Mewt > | Firiisty | Canicel | Press 'F1' far help

Figure 13-2 — Input Wizard, Screen 1

To import the mesh from Tutorial Problem 9 using xml format, select “Import Mesh file” (see

Figure 13-3). After selecting “Import Mesh file,” perform the following steps: click on the symbol

Import file |, select “CANDE Mesh XML, click “import,” select the file named
‘Tutorial9L2METL-ANALYS-WSD-TREN_MeshGeom.xml’, click “Open,” and then click “OK.”

Figure 13-3 displays the input screen after all of these actions have been performed. Note: the

xml filename is based on the filename selected by the user with _MeshGeom.xml added onto
the end. This xml file is automatically generated by CANDE anytime a valid Level 2 or Level 3
problem is successfully run. After selecting this file, the “Level 3 options” fields (Figure 13-3)
should fill in. Now click “Next” and CANDE will prompt the user to input the pipe material
information. Enter the data provided above and the screen should appear as Figure 13-4. Now
click “Next” and input the soil properties. After clicking “Next” on Screen 4, CANDE will display
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a screen indicating that an input path is initiated - click “Finish.” The user is prompted for a

filename and directory.

[0/x]

Level 3 Information

r— Select level 3 input option Select the mesh import file C AN D E
" Manual input Impart fle |
%" Import mesh fle IC:\Documents and SettingstbpstrohmantDesktoph TulorialSLZME TLANAL 2 O O 7
r— Level 2 options . |npUT leord
|1 3: Number of pipe element groups
[Lewvel 3 anly)
|255 3: Hurnber of nodes .
Level 3 Information [
|229 32 Humber of elements The level 3 screen provides two options for
designating a CAMDE Level 3 finite
|45 3: Humber of boundary conditions element mesh.
Manual Input
Using this option, specify key information
related to the size of the madel (.. |
- : . nurmber of nodes, number of elements,
|3 3 Number of soil materials et
: The input wizard will create "blank” entries
M9 =] Mumberofnteface meterels for each piece of level 3 information that
will then be filled out in the CANDE input
menus,
Import mesh file
I lrinn thin manthad tha tear can irmandt j
<4 Prew | Mewt 3 | Fiisfy | Cancel | Prezs 'F1' for help

Figure 13-3 — Input Wizard, Screen 2
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Level 3 input

Pipe Material 1

r— Fipe material type i Conerete specific input
' Aluminum Reinforcement shape
" Basic % Standard
" Concrete " Eliptical
" Plastic 1 frbitrary
¥ Steel ) Bores
Humber of
|19 3: conhected beam
Elements

<< Prew | Hewt 3 |

i~ Flastic specific nput
w/all section bipe
(| Smaoth (design and analsis]
" General [anals only)

" Piafile (analysis orly]

=10l

CANDE

2007
Input Wizard

— Steel specific input

Vs

" Yz, show race

Wary joint travel length

%! Same lengths
' Different lengths

I 1 3: Humber of joints

Finisty | Cancel |

Press 'F1' for help

Pipe haterial Information

Enter infarmation on this screen related to
the Pipe Material chosen. For Level 1 and
2 type models, only one pipe material is
entered.

For Level 3 models, this screen will be
repeated M times, where N is the "Mumber
of pipe elameant groups” entered on the
"Caontrol Information” screen.

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chogen,

-

Figure 13-4 — Input Wizard, Screen 3
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B Enter the soil material information o [l

CANDE

2007
Input Wizard

Select 'zanned' or User' soil parameters
[Sail models: 3, 4, and 5 only)

¥ Soi 1501 |l Carned
Soil 2-5ail 2 1 satropic-Linear E lastic j Carined
Soil 35ail 3 3Duncan/Selig j Canned

Soil Material Mods!

Sail Properties Infarmation

Enter information on this screen related to
the Soil Properties. This screen is only
applicable for Levels 2 and 3.

Faor Level 2 madels, the number of soil
models is predetermined by CANDE.

Faor Level 3 madels, the number of soil
rodels is input on the "Level 3
Infarmation” screen.

Set the Soil Material Model type along
with information related to the type
chosen. Specific soil names and
properties will input on the main CANDE
input screens once the input wizard has v

wlododalo toil

<< Prev | Newt »» | Finish | Cancel | Press F1' for help

Figure 13-5 — Input Wizard, Screen 4

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 13-6.

Enter an appropriate heading for output and click “Accept Input.”
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iE J Pipe Definition 1
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— Solution level
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e :‘ Material Control Parameters(t |1 j el o @i et A
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[ :‘ Interface Angles ID
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Material Control Parametersit Accept Input Cancel
Interface Angles
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i Interface Angles

= __I Material Definition 7 (Interface 4]
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\Menu Selected: Master Cantral 1 \Done

Pracess ID [Process 12-50]
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Figure 13-6 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 13-6 shows “X” for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 13-7 through 13-11 show the completed input for
the screens requiring data for the tutorial, except that only one material definition is shown.
Note: Interface material properties are stored in the xml file and are therefore imported directly
into the program from Tutorial 9. Input the remaining definition screens. As input is modified, a
‘blue circle’ icon will appear in the menu input tree. This is a visual indicator that some input on
that menu has been modified. After completing each screen, click “Accept Input” and the blue

circle in the control panel will disappear indicating all fields have data.
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Figure 13-7 — Input Screen B-1
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Figure 13-8 — Input Screen B-2
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Figure 13-9 — Input Screen C-1, C-2
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Figure 13-10 — Input Screen D-1 for Material 1
(Note: Repeat for Materials 2 and 3 with values provided in the ‘Problem Definition”)

NCHRP 15-28 — Tutorial Problem 13 -13-12-




E:E:"‘.,Ducuments and Settings'bpstrohman’Desktop’,Runs’, Tutorial 13 Level3-ANALYS-WSD-STEEL - [Input Comim - =] x|

ol Fle Edt FRun  ¥iew Tools  MWindow  Help o x
DEE&h D0 HE >R
" ShowHelp [ Show input Q0 Material Definition (Duncan/Duncan-Selig) - D-2
Fundamental Cantraols
Steel Material and Contral F'alad
H 5 Steel Section Properties -
= J Solution Level Statements - C Monlinear iteration contral ID 3

Contral Parameters (Level 3] i v IU_5

Mode Input [Level 3]

i e | Boundary Condition Input [Level 3]
EI J Material Definition Statements - O
E| __I Material D efinition 1

i ber | Matenial Contiol Parameters(tz

Element Input [Level 3] Soil model
’V(‘ Duncan formulation

& Duncan/Selig formulation

i | Duncan and Duncan/Selig Ma
J Material Definition 2
- | Material Contral Parameters(z
w4 ¥ | lzotropic Linear Elastic Parame
E| J Material Definition 3
Material Control Parameters(t

+ | Duncan and Duncan/Selig Mo
aterial Defintion 4 (Inteface 1]
| Material Contiol Parametersiz
Interface Angles
Material Definition 5 (Inteface 2]
+ | Material Control Parameters(tde Accept Input Cancel

v | Intertace Angles
- _J Material Definition B (Inteface 3]
i bl | Material Control Parametersiz

¢ el | Interface Angles
E| J Material Defintion 7 Inteface 4]
i Material Control Parameters(t
| Interface Angles
aterial Defintion & [Inteface 5]
- | Matenial Contral Parameters(Me
Interface Angles
__I Material Definition 9 (Inteface B]
+ot | Matenial Control Parameters(tde

Interface Angles

| EI |MaterlalDalln\llonml[lnteface 7)
Ll v

[Menu Selected: Duncan and Duncan/elig Model Parameters |Resetting menus

Figure 13-11 — Input Screen D-2 for Material
(Note: Repeat for Materials 2 and 3 with values provided in the ‘Problem Definition’)

When all input is complete and saved, click “Run” and “CANDE-2007" on the main toolbar to
execute the program. This will open the “Running CANDE” window which will allow you to
monitor the run as it progresses. When the program is complete, a check box “CANDE Analysis
Complete” window will appear. Click “OK” and check if the “Running CANDE” window states
“Normal Exit From CANDE.” If an error has occurred, the program will identify the input line of
the error. Reopen the input file and review for mistakes — using the find option may assist in
locating the problem as the line numbers correspond to the CANDE error message. Click the

“Close” button in the “Running CANDE” window to return to the user interface.
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13.3 Reviewing and Interpreting the Output

Now proceed to check the output file. Tools to assist in this process are the mesh plot and
graphs available under the “View” menu on the main toolbar. Users should explore the use of
the buttons on the toolbars of the mesh plot screen. Element and node numbering, material
information, boundary conditions, and construction increments may all be added or removed

from the plot. The “Plotting Parameters” button allows the user to:

. change the magnification of the deflections,

. eliminate the magnitude of early deflection/stress values - for example the deflections
and stresses due to the self weight of the in situ soil may not be of interest, or the user
may wish to see only the deflection/stress due to a live load condition, and

. change colors or add increment identifiers.

Begin with the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Open the
plotting parameters menu and click the check box “Show constr. increment numbers.” Click
“OK,” set Load Increment to 9 to show the entire mesh and click the toolbar icon to turn on the

construction steps. The mesh plot should look like Figure 13-12.
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Figure 13-12 — Mesh Plot for Load Steps 1to 9

To view shear strain, open the plotting parameters window and set the deflection magnification

factor to 10 (see Figure 13-13).

=101 x|

— Matenals and Construction Incrments —)

Plotting Parameters

— Mesh Colaring — Magnification Factors — Boundary conditions

- Element text colar
- Element line color

- MHode text color
- Beam element color

Beam element thickness

I‘] vI

I 10 Deflection
I 5 Boundamw diameter

¥ Show farce boundary
¥ Show other boundary

— Element Murmbering
¥ Interface numbering
¥ Eeam numbering

v Triangular element numbering

i (uad element numbering

— Mode numbering
¥ Interface numbering
¥ EBeam numbering

v Triangular node numbering

ird (uad node numbering

¥ Show material numbers

- I aterial number text color

[ Show canstr. increment numbers

- Constr. increment text colar

— lgnare deflections

I 1 3: Load increment

I 1 lgnore deflections/by load incr.

QK. | Cancel |

Figure 13-13 — Mesh Window Plotting Parameters
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Select “OK” to close the window. Click the icon to “Turn on/off selected output results” and set
the drop down box to Shear Strain. Set the increment to 13 and the screen should look like
Figure 13-14, which also shows the deflected mesh geometry. Other mesh output parameters

can also be inspected to determine if the results are consistent with the design intent.

!:I:"-.‘Prnie(ts"u,l]Sl]Sxx"w.,l]5l]525.l]l]-ENDE"w.,Tuturial"-.‘EANDE Tutorial Input Files - Ready for Review', Tutorials Reviewed b
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= 000326
[ -0.00442
LT -0.00559
-0.00675
l l \ -0.00792
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Kl [ I
Coordintes: x = 258,21, y = 44,25 | Couldnt set scale
[Menu Selected: Tnterface Angles [Done |

Figure 13-14 — Shear Strain Load Step 13

Similarly, using the “View CANDE Graphs” button on the toolbar or selecting “View/Graphs” the
user can explore the forces in the culvert itself. Figure 13-15 compares the thrusts after three
increments. This is accomplished using the “Plot multiple load steps” icon at the far left of the
toolbar to uncheck “Show single load step” and check Load Steps 7, 11, and 13, then “OK.”
The “Turn on/off view of pipe” icon on the right side of the toolbar, allows showing the pipe and
the node numbering to assist in interpreting the graph. Turn on the view of the pipe and set the
drop down box to “Thrust Force” and the screen should appear as Figure 13-15.
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Figure 13-15 — Thrust Force for Load Steps 7, 11, and 13

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file. Again the file should be inspected for signs of errors or incorrect input. Using the control
window on the left the user can select to review the system input data or the design assessment
(Figure 13-16) by clicking on the appropriate node of the ‘Table of Contents’ browser shown on
the left side of the output viewer. The design assessment is printed after every load step so that
the designer can assess the progress of the design. Figure 13-16 shows the final assessment
printed at the end of the file.
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One additional tool is the Results Generator which can be used by selecting “View/Results
Generator” or the “Start CANDE Results Generator” button. Figure 13-17 shows the Results
Generator input screen set to obtain deflection and shear data from the full output file. After
selecting the desired output criteria, click the “Generate/Preview” button in the lower left corner
of the window. A portion of the report with the desired data is shown in Figure 13-18. The three

tabs shown in Figures 13-17 and 13-18 are described in the following:

o General/Mesh Output — allows the user to request to view general mesh output such as
thrusts, shears, bending moments and nodal displacements in the beam elements,
interface element forces and displacements, and stresses and strains in the remaining

mesh elements.

e Beam Output — allows the user to select to view more detailed output within the beam

elements such as maximum fiber stresses, strain ratios, etc.
o Report Preview — displays the desired report.

.01 x|
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Figure 13-17 — Results Generator Input Screen — Load Step 13 Shear and Deflections
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Figure 13-18 — Results Generator — Load Step 13 Beam Stresses

NCHRP 15-28 — Tutorial Problem 13 -13-20-



NCHRP Project 15-28

Modernize and Upgrade CANDE for Analysis
and Design of Buried Structures

User Tutorial — Problem 14

May 2008



This page intentionally left blank



14. CANDE TEST PROBLEM 14
14.1 Problem Definition

Analyze a two material structure composed of a reinforced concrete U-shaped base with 15-foot
span and 5-foot rise supporting a pin connected, corrugated aluminum arch-shaped roof with 13
ft of fill over the top of the arch. The problem is shown schematically in Figure 14-1. The

analysis will be with Level 3, using an imported finite element mesh in xml format.

Backfill = 13 ft

Arch Rise = 58.42 in,|

Arch Span

16 in.

Height = 5 ft

20 in.

ERL LR R R LR R 2L R R LR R L 2E TR RSP LR R LR RS LR LR 2R RS RS 2E SRR I RIS RS IR IR TR RIS R IR IR RES RS2 2

Figure 14-1 Details of Problem 14

Developing Level 3 input files for CANDE requires substantial advance planning relative to
Level 2 input files. The engineer must define the installation geometry and boundary conditions

in order to create a mesh. This problem imports an existing finite element mesh in xml format.

Some of the most important parameters assumed for the test problem are listed below. Most of
these parameters can have a significant impact on the design. Actual values should be used
whenever possible. Lacking actual data, designers should vary the uncertain parameters to
investigate the sensitivity of the design. Note that CANDE has numerous additional input
parameters that typically default to common values but which should be reviewed for each

design.
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Type of analysis - Analysis

Method of analysis/design - Service

Solution level - FEM-user mesh (Level 3)

Number of pipe element groups (Level 3 only) - 2

Pipe material type (Pipe Material 1) - Concrete
Reinforcement shape (Pipe Material 1) - Arbitrary

Number of connected beam elements (Pipe Material 1) - 40
Pipe material type (Pipe Material 2) - Aluminum

Number of connected beam elements (Pipe Material 2) - 26
Soil parameters -

In situ soil - Canned Linear Elastic - Young's modulus = 3,500 psi, Poisson’s
ratio = 0.25

Backfill soil - Canned Duncan/Selig - SW-95, LRFD stiffness control = 0, Moduli
averaging ratio = 0.5, soil model = Duncan/Selig formulation

Soil density - 120 Ib/ft> for all soils

The following are input parameters for Pipe Material 1:
Compressive strength of concrete (f'c) - 5,000 Ib/in.?
Shear strength equation - Boxes/3-sided > 2 ft fill (AASHTO 5.14.5.3)
Concrete strain at tension rupture - 0.00001 in./in.
Compressive strain at end of elastic range - 0.001 in./in.
Compressive strain at the initial strength limit - 0.002 in./in.
Unit weight of concrete for body weight - 150 b/
Crack width model - Gergely-Lutz
Analysis mode - Small deformation
Yield stress of reinforcing steel - 65,000 Ib/in.?

Inner surface spacing between rows of rebar - 2 in.
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Outer surface spacing between rows of rebar - 2 in.

Type of reinforcement - Welded or deformed wire

Nonlinear behavior selection - Option 3 Plus steel yielding behavior

Concrete wall thickness and reinforcement steel - The following summarizes the wall

thickness and

reinforcing steel

for the reinforced

concrete U-shaped base (Pipe Material 1):

Node - Wall As Czage 1] As Czage 2 | Cover Cage | Cover Cage
Thickness (in.) (in.%/in.) (in."/in.) 1 (in.) 2 (in))
1 16 0.02 0.02 1.5 1.5
2 16 0.02 0.02 1.5 1.5
3 16 0.02 0.02 1.5 1.5
4 16 0.02 0.02 1.5 1.5
5 16 0.02 0.02 1.5 1.5
6 16 0.02 0.02 1.5 1.5
7 16 0.02 0.02 1.5 1.5
8 16 0.02 0.02 1.5 1.5
9 16 0.02 0.02 1.5 1.5
10 16 0.02 0.02 1.5 1.5
11 16 0.02 0.02 1.5 1.5
12 20 0.02 0.02 1.5 1.5
13 20 0.02 0.02 1.5 1.5
14 20 0.02 0.02 1.5 1.5
15 20 0.02 0.02 1.5 1.5
16 20 0.02 0.02 1.5 1.5
17 20 0.02 0.02 1.5 1.5
18 20 0.02 0.02 1.5 1.5
19 20 0.02 0.02 1.5 1.5
20 20 0.02 0.02 1.5 1.5
21 20 0.02 0.02 1.5 1.5
22 20 0.02 0.02 1.5 1.5
23 20 0.02 0.02 1.5 1.5
24 20 0.02 0.02 1.5 1.5
25 20 0.02 0.02 1.5 1.5
26 20 0.02 0.02 1.5 1.5
27 20 0.02 0.02 1.5 1.5
28 20 0.02 0.02 1.5 1.5
29 20 0.02 0.02 1.5 1.5
30 20 0.02 0.02 1.5 1.5
31 16 0.02 0.02 1.5 1.5
32 16 0.02 0.02 1.5 1.5
33 16 0.02 0.02 1.5 1.5
34 16 0.02 0.02 1.5 1.5
35 16 0.02 0.02 1.5 1.5
36 16 0.02 0.02 1.5 1.5
37 16 0.02 0.02 1.5 1.5
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38 16 0.02 0.02 15 15
39 16 0.02 0.02 15 15
40 16 0.02 0.02 15 15
41 16 0.02 0.02 15 15

In the above table, Cage 1 refers to the inside face reinforcing steel and Cage 2 refers to
the outside face reinforcing steel.

The following are input parameters for Pipe Material 2:
Density - 0.0975 Ib/in.®

Material behavior - Bilinear stress/strain

Area of pipe wall / unit length - 0.146 in.%/in. (Assumes 0.125 in. thick with 9 in. x 2.5 in.
corrugations)

Moment of inertia of pipe wall / unit length - 0.104 in.%/in. (Assumes 0.125 in. thick with
9in. x 2.5 in. corrugations)

Section modulus of pipe wall / unit length - 0.185 in.%/in. (Assumes 0.125 in. thick with
9in. x 2.5 in. corrugations)

The following are the remaining general input parameters:
Number of construction steps - 14

Total number of soil materials - 2

Total number of interface materials - 2 (to model the pin connection between the
reinforced concrete U-shaped base and the
corrugated aluminum arch-shaped roof,
interface elements with high values of friction
and tensile breaking force between contact
nodes must be used at each of the points
where the aluminum arch connects with the
concrete base. Interface properties are list
below).

Angle from x-axis to normal interface - Varies for each interface element. Since the
angle of the aluminum arch with respect to the
x-axis at the point where it meets the concrete
base is 90 degrees, the interface angles for
the pin connection will be 90 degrees.
Whether the angle is +90 degrees for a
particular node depends on how the interface
element is defined. See Figure 5.5-18 of the
User Manual for details regarding the
interface elements.
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Coefficient of friction between nodes | and J - 1,000,000

Tensile breaking force of contact nodes - 100,000 Ib/in.

NCHRP 15-28 — Tutorial Problem 14 -14-5-



14.2 Creating the CANDE Input Document

Figures 14-2 through 14-4 show the CANDE Input Wizard screens created to initiate the input
document. Enter the data to define the structure.

_inix
Control Information
~Type of analysis ———————————— i Level 2 Specific C AN D E
¥ fndysis i Canned mesh type 5ol mesh pattem
o T ! Pine mesh 1 Enbarkment
{1 By mesh 1 Trench 2 O O 7
 Methad of analysis/design —————————
LR ! bichmesh | Homogenous | T W' d
_ - S NPEUT WIZAT
% Sepyice Irterface elements (pipe only)
{* Piaesal
— Solution level r - -
 Elesticiy lLevel 1 Tretictrii Welcome to the CANDE input Wizard|
e T £ Hone You will enter some bagic information
e e d) about your model and CANDE will
% FEM-user mesh [Level 3) prepare a starter input document that you
¥ 000 Hake changes to the basic mesh ———— can custornize for your _particular rodel.
Use the auto-generate option for After ol complete th? input for each
the interface elements Ig 3; Number f rodes b change screen in the Inplut ‘Wyizard, press the
. Mext' button until you have reached the
IU 3 Humber of elements to change end. Once completed, press the 'Finish’
; IU 3: Number of new loading/boundany conditions buttan ta enter the CANDE input menus. |
2 32 T“mbleéd T'DB element oioups Control Information
vl Jaudy, On the contral information screen, enter
- : key information regarding the type of
INewInput file Heading for output model, methad of analysis, etc. J
<< Frey | Mest > | Firiisty | Cancel | Press 'F1' far help

Figure 14-2 — Input Wizard, Screen 1

To import the mesh using xml format, select “Import Mesh file” (see Figure 14-3). After

selecting “Import Mesh file,” perform the following steps: click on the symbol | Import file

select “CANDE Mesh XML,” click “import,” select the file named
‘Tutoriall4Import_MeshGeom.xml’, click “Open,” and then click “OK.” Figure 14-3 displays the
input screen after all of these actions have been performed. Note: the xml filename is based on
the filename selected by the user with _MeshGeom.xml added onto the end. This xml file is
automatically generated by CANDE anytime a valid Level 2 or Level 3 problem is successfully
run. After selecting this file, the “Level 3 options” fields (Figure 14-3) should fill in. Now click
“Next” and CANDE will prompt the user to input the pipe material information for each of the

pipe groups. Enter the data provided above and the screens should appear as Figures 14-4
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and 14-5. Now click “Next” and input the soil properties. After clicking “Next” on Screen 5,
CANDE will display a screen indicating that an input path is initiated - click “Finish.” The user is

prompted for a filename and directory.

_ioix

Level 3 Information

r Select level 3input option — 1 Select the mesh impart file C AN D E
€ ol i
% |mport mesh file IE:\Documents and Settingshbpstrobmant D esktophT utonial dmport_Mesh 2 O O 7
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|2 3: Number of pipe element groups
[Lewvel 3 anly)
|21 7 3: Wumber of nodes .
Level 3 Information [
|2238 32 Humber of elements The level 3 screen provides two options for
designating a CANDE Level 3 finite
Iga 3: Humber of boundary conditions element mesh.
Manual Input
Using this option, specify key information
related to the size of the madel (i.e. |
- ) . number of nodes, number of elements,
|3 3 Number of soil matenals etc )
- : The input wizard will create “blank” entries
IU 3 Number of inteface materil: for each piece of level 3 information that
will then be filled out in the CANDE input
menus.
Import mesh file
| lrina thin mathad tha near fan imnnet j
< Prey | Mest > | Firiist | Cancel | Press 'F1' far help

Figure 14-3 — Input Wizard, Screen 2
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Level 3 input

Pipe Material 1

r— Fipe material type r— Concrete specific input
' Aluminum Reinforcement shape
" Basic " Standard
* Concrete " Elliptical
" Plastic 5 Arhitrary
" Cteel ! Boves
Humber of
|4U 3: cannectzd beam
Elements

<< Prew | Hewt 3 |

i~ Flastic specific nput
w/all section bipe
(| Smaoth (design and analsis]
" General [anals only)

" Piafile (analysis orly]

=10l

CANDE

2007
Input Wizard

— Steel specific mput

1 es

{1 ez, showbrace

Wary joint travel length

%! Same lengths
' Different lengths

I 1 3: Humber of joints

Finisty | Cancel |

Press 'F1' for help

Pipe haterial Information

Enter infarmation on this screen related to
the Pipe Material chosen. For Level 1 and
2 type models, only one pipe material is
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For Level 3 models, this screen will be
repeated M times, where N is the "Mumber
of pipe elameant groups” entered on the
"Caontrol Information” screen.

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chogen,

-

Figure 14-4 — Input Wizard, Screen 3
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Level 3 input

Pipe Material 2

r— Fipe material type i Conerete specific input
' Aluminum Reinforcement shape
" Basic & Standard
" Concrete " Eliptical
" Plastic 1 frbitrary
" Steel ' Boyes
Humber of
Iﬂ connectzd beam
elements

<< Prew | Hewt 3 |

i~ Flastic specific nput
w/all section bipe
(| Smaoth (design and analsis]
" General [anals only)

" Piafile (analysis orly]

=10l

CANDE

2007
Input Wizard

— Steel specific mput

1 es

{1 ez, showbrace

Wary joint travel length

%! Same lengths
' Different lengths

I 1 3: Humber of joints

Finisty | Cancel |

Press 'F1' for help

Pipe haterial Information
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the Pipe Material chosen. For Level 1 and
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entered.

For Level 3 models, this screen will be
repeated M times, where N is the "Mumber
of pipe elameant groups” entered on the
"Caontrol Information” screen.

As you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chogen,

-

Figure 14-5 — Input Wizard, Screen 4
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Soil Properties

. . Select 'canned' or User' soil parameters
R [Soil models 3, 4, and 5 only] CAN D E
Sol 1-50il 1 1-lsatropic-Linear Elastic j Canned

=
b Sol 2502 v || Canried = 2007
Soll 0-5ail 0 1-zatropic-Linear Elastic j Catined j ,
Input Wizara

Soil Propeies Information

Enter information on this screen related to
the Sail Properties. This screen is only
applicable for Levels 2 and 3.

Far Level 2 models, the number of soil
models is predetermined by CANDE.

For Level 3 models, the number of soil
models is input on the "Level 3
Infarmation” screen.

Set the Soil Matenial Model type alang
with information related to the type
chosen. Specific soil names and
praperties will input on the main CANDE
input screens once the input wizard has v

wlododalo fonl

<< Piey | Next 33 | Firish | Cancel | Fress 'F1' for help

Figure 14-6 — Input Wizard, Screen 5

The Input Wizard then creates an input file and opens CANDE Input screen A-1, Figure 14-7.
Enter an appropriate heading for output and click “Accept Input.”
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=] J Master Control 1 ) Design
- J Master Control 2
C Jf"je Ll Tl ~ Methad of analysis
=+ | Pipe Definition 1
Conciete Material and Strength P € LD
Conciete Material Properties 2 % Service
h Concrete Reinfarcing Steel Proper
. | Concrete Wall Thickness and Reir | [~ Solution level
=] Pipe Definition 2 £ Elastoiy (Level 1]
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Control Parameters (Level 3]
Made Input [Level 3] m
Element Input (Level 3) [P e fe Heading for output
Boundary Condition Input [Level 3] =
S5 __I I aterial Defirition Statements - 0 |2 j el QU R e AN
E| J Material Definition 1 . .
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H - X | lzotropic: Linear Elastic P.
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: = | Matenial Control Parameters(Mateni IU Process ID [Process 12:50]
Duncan and Duncan/Selig Model .
E| J Material D efinition 3 ID Subdomain 1D [Process 12-50)
Material Control Parameters(t ateri
X | Isotropic: Linear Elastic Parameters Accept Input Cancel
| | |
\Menu Selected: Master Cantral 1 \Done

Figure 14-7 — Master Control Screen as Set Up by Input Wizard

The control panel on the left of Figure 14-7 shows “X” for all the screens that require additional
input for which no default is provided. In actual design situations engineers should review each
screen to determine that the default values are appropriate as many of the defaults have a
significant impact on the final design. Figures 14-8 through 14-28 show the completed input for
the screens requiring data for the tutorial. Input the remaining definition screens. As input is
modified, a ‘blue circle’ icon will appear in the menu input tree. This is a visual indicator that
some input on that menu has been modified. After completing each screen, click “Accept Input”

and the blue circle in the control panel will disappear indicating all fields have data.
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= D Material D efinition 1

i taterial Control Parameters{t ster
|sotropic: Linear Elastic Parameters
D Material Definition 2
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D Material Definition 3
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‘Resetting menus

Figure 14-8 — Input Screen A-2
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Concrete Material Properties 2
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Boundary Condition Input (Level 3]
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Figure 14-9 — Input Screen B-1: Pipe Material 1 - Concrete
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[Menu Selected: Concrete Material Properties 2

Figure 14-10 — Input Screen B-2: Pipe Material 1 - Concrete

Resetting menus
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Figure 14-11 — Input Screen B-3: Pipe Material 1 - Concrete
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\Menu Selected: Concrete Wall Thickness and Reinforcement P\ Done
Figure 14-12 — Input Screen B-4: Pipe Material 1 - Concrete

Enter the material information in the grid from the table provided in the 'Problem Definition'. To
expedite the entry, fill in the first row, use the '‘Copy Row' button to rows 2-41, and modify the

wall thicknesses and inner/outer cage areas that are different.
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Figure 14-13 — Input Screen B-4 (continued) : Pipe Material 1 - Concrete
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Figure 14-14 — Input Screen B-1: Pipe Material 2 - Aluminum
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Figure 14-15 — Input Screen B-2: Pipe Material 2 - Aluminum
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Figure 14-16 — Input Screen C-1, C-2
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Boundary conditions are not listed in the xml mesh file provided for this example. Thus,
boundary conditions must be added manually. Since this is a user-defined Level 3 analysis,
node numbers are not predefined in the User Manual. The user must input the remaining

standard input parameters (Figures 14-17 and 14-18) to define the problem and then use the

“View/Mesh Plot” to determine which nodes necessitate boundary conditions. This is
demonstrated in Figure 14-27.
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Figure 14-17 — Input Screen D-1 for Material 1
(Note: Repeat for Material 2 with values provided in the ‘Problem Definition’)
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Figure 14-18 — Input Screen D-2 for Material 1
(Note: Repeat for Material 2 with values provided in the ‘Problem Definition’)
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Similar to the boundary conditions, the user must use the “View/Mesh Plot” to determine which

nodes define the interface elements. Figures 14-19 and 14-20 display in the input screens for
the interface property definition.
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Figure 14-19 — Input Screen D-2 for Material 3
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Figure 14-20 — Input Screen D-2 for Material 4

At this point, the user must run the mesh to determine which nodes necessitate boundary
conditions and interface elements. When all input is complete and saved, click “Run” and
“CANDE-2007" on the main toolbar to execute the program. This will open the “Running
CANDE” window which will allow you to monitor the run as it progresses. When the program is
complete, a check box “CANDE Analysis Complete” window will appear. Click “OK” and check
if the “Running CANDE” window states “Normal Exit From CANDE.” If an error has occurred,
the program will identify the input line of the error. Reopen the input file and review for mistakes
— using the find option may assist in locating the problem as the line numbers correspond to the
CANDE error message. Click the “Close” button in the “Running CANDE"” window to return to

the user interface.
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Now proceed to the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Users
should explore the use of the buttons on the toolbars of the mesh plot screen. Element and
node numbering, material information, boundary conditions, and construction increments may

all be added or removed from the plot.

Figure 14-21 shows a mesh plot displaying the node numbers of the elements activated in load
step 1. Horizontal roller boundary conditions need to be applied on the side boundaries of the
model and vertical pin boundary conditions on the bottom boundary as depicted in Figure 14-21.

Node numbers for these boundary conditions are shown on the mesh plot.
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Figure 14-21 — Mesh Plot for Load Step 1, Used to Determine
Nodes for Boundary Conditions
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Figure 14-22 shows a close-up of Figure 14-21 to display the node numbers for the interface

elements. Node numbers for the interface elements are shown on the mesh plot.
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Figure 14-22 — Close-up of Mesh Plot for Load Step 1, Used to Determine
Nodes for Interface Elements
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Now proceed to the input screen ‘Control Parameters (C-1, C-2).

elements are defined by three nodes with the same coordinates.

In CANDE,

In this example, one node

interface

defines the concrete, one node defines the aluminum, and one node defines the interface

between the two nodes. As a result, 2 new nodes need to be defined with the same coordinates
as nodes 995 and 1541. This increases the ‘Total Number of Nodes’ to 2,183 and the ‘Total

Number of Elements’ to 2,240. Furthermore, based on Figure 14-21, the ‘Total Number of

Boundary Conditions’ is 92. Figure 14-23 displays an updated C-1, C-2 input screen.
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Now proceed to the inputs screen ‘Node Input (C-3)’. Find the coordinates of nodes 995 and
1541. The coordinates for node 995 are (-90, 60.83) and node 1541 are (90, 60.83). Input
coordinates for 2 new nodes (2180, 2181) with the coordinates of node 995 and 2 new nodes
(2182, 2183) with the coordinates of node 1541. Figure 14-24 displays the last twenty lines of
an updated C-3 input screen.
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Now proceed to the input screen ‘Element Input (C-4)’. Elements 2173 to 2238 define the beam
elements for this problem. For element 2212, change node | from 995 to 2181 and for element
2238, change node | from 1541 to 2183. This changes the connectivity of the beam elements at
the point where the two materials join from aluminum-concrete to aluminume-interface-concrete.
Input interface element connectivity for two elements (2239, 2240). For element 2239, define
node | = 1541, node J = 2183, and node K = 2182. Define element 2240 in the same manner,
node | = 995, node J = 2181, and node K = 2180. For elements, 2239 and 2240, the interface
material 1.D. is 1 and 2 respectively. For additional information regarding defining interface
elements and sign convention, see Chapter 5, C-4 of the User Manual. Figures 14-25 and 14-

26 display the last forty lines of an updated C-4 input screen.
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Now proceed to the input screen ‘Boundary Condition Input (C-5)’. Input boundary condition
nodes displayed in Mesh Plot (Figure 14-21). Figures 14-27 and 14-28 display the first and last

twenty lines, respectively of an updated C-5 input screen.
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Figure 14-28 — Updated Input Screen C-5 (continued)

When all input is complete and saved, click “Run” and “CANDE-2007" on the main toolbar to
execute the program. This will open the “Running CANDE” window which will allow you to
monitor the run as it progresses. When the program is complete, a check box “CANDE Analysis
Complete” window will appear. Click “OK” and check if the “Running CANDE” window states
“Normal Exit From CANDE.” If an error has occurred, the program will identify the input line of
the error. Reopen the input file and review for mistakes — using the find option may assist in
locating the problem as the line numbers correspond to the CANDE error message. Click the

“Close” button in the “Running CANDE” window to return to the user interface.
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14.3 Reviewing and Interpreting the Output

Now proceed to check the output file. Tools to assist in this process are the mesh plot and
graphs available under the “View” menu on the main toolbar. Users should explore the use of
the buttons on the toolbars of the mesh plot screen. Element and node numbering, material
information, boundary conditions, and construction increments may all be added or removed

from the plot. The “Plotting Parameters” button allows the user to:

. change the magnification of the deflections,

. eliminate the magnitude of early deflection/stress values - for example the deflections
and stresses due to the self weight of the in situ soil may not be of interest, or the user
may wish to see only the deflection/stress due to a live load condition, and

. change colors or add increment identifiers.

Begin with the mesh plot. Click “View” and then “Mesh Plot” to open the mesh plot. Open the
plotting parameters menu and click the check box “Show constr. increment numbers.” Click
“OK,” set Load Increment to 14 to show the entire mesh and click the toolbar icon to turn on the

construction steps. The mesh plot should look like Figure 14-29.
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Figure 14-29 — Mesh Plot for Load Steps 1to 14

To view deflection, open the plotting parameters window and set the deflection magnification
factor to 10 (see Figure 14-30).
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Figure 14-30 — Mesh Window Plotting Parameters
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Select “OK” to close the window. Click the icon to “Turn on/off selected output results” and set
the drop down box to Deflections. Set the increment to 14 and the screen should look like
Figure 14-31. Other mesh output parameters can also be inspected to determine if the results

are consistent with the design intent.
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Figure 14-31 — Deflections, Excluding Those Due to Self Weight of In Situ Soil

Similarly, using the “View CANDE Graphs” button on the toolbar or selecting “View/Graphs” the
user can explore the forces in the culvert itself. Figure 14-32 compares the bending moments in
the reinforced concrete U-shaped base after three increments. This is accomplished using the
“Plot multiple load steps” icon at the far left of the toolbar to uncheck “Show single load step”
and check Load Steps 5, 10, and 14, then “OK.” The “Turn on/off view of pipe” icon on the right
side of the toolbar, allows showing the pipe and the node numbering to assist in interpreting the
graph. Turn on the view of the pipe and set the drop down box to “Bending Moment” and the
screen should appear as Figure 14-32. The beam group drop down box allows the user to view
the forces in other ‘beam groups’ if a problem contains multiple pipe element groups. Figure 14-

33 displays the bending moments in the aluminum arch after Load Steps 5, 10, and 14. Note
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that in both Figures 14-32 and 14-33 the bending moment at the pin connection between the

two pipe element groups is 0, as expected.

!:I:"-.‘F'rojects"‘.,IJSIJSHH"‘.,I]SIJSZE.U[l—ENDE'*.,Tuturial"-.‘Eorrespundence InReceived from MK 12-4-20075GH Tutorial 14, 12-03-0 = ili
o Fle Edt Run  Wiew Tools  Window Help o x

NEE&h 06 BE xR

Ps Load step 1 - Beam group 1 (Concreke) = Bending momentilb-nfiny  + O
Bending moment(lb-in/in): Load steps 5,10,14,
<
E @ ottt ° Bending
2 1.70E+04 &
= ° A—A—A—h-A *
c 1.13E+04 ol ey olep C
] o B, -
§  se7E+03 A A noment{t:
g : ;’_,;FH '_._.—H+'”‘ti - jin) Lo
= -9.77TE-06 426 -"E' z-:_':' Py o248 s
T se7E403 4?J<> «* 80 120 160 200 2404567 280 320 360 400 |:|
@ ® @
m
Distance along beams from first node(in)
il B MLlf 2R M5 AR
4 L
39
38
37
36
35 =l
k2
33
32 0
3B0 29 2B 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 1§11
T T T |
L4 J ]
Cootdinates: x = -13.91, v = 66,58 | Couldn't set scale
[Menu Selected: Master Contral 1 [Resetting menus

Figure 14-32 — Bending Moment in Reinforced Concrete U-Shaped Base
for Load Steps 5, 10, and 14
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Figure 14-33 — Bending Moment in Aluminum Arch
for Load Steps 5, 10, and 14

After an initial review of the output using the mesh and graph options, the user can select
“View/Output Report (CANDE)” or select the “View CANDE output” button to look at the output
file. Again the file should be inspected for signs of errors or incorrect input. Using the control
window on the left the user can select to review the system input data or the design assessment
(Figure 14-34) by clicking on the appropriate node of the ‘Table of Contents’ browser shown on
the left side of the output viewer. The design assessment is printed after every load step so that

the designer can assess the progress of the design. Figure 14-34 shows the final assessment
printed at the end of the file for the aluminum arch.
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Figure 14-34 — Design Assessment Summary — Load Step 14
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One additional tool is the Results Generator which can be used by selecting “View/Results
Generator” or the “Start CANDE Results Generator” button. Figure 14-35 shows the Results
Generator input screen set to obtain deflection and moment data from the full output file. After
selecting the desired output criteria, click the “Generate/Preview” button in the lower left corner
of the window. A portion of the report with the desired data is shown in Figure 14-36. The three

tabs shown in Figures 14-35 and 14-36 are described in the following:

e General/Mesh Output — allows the user to request to view general mesh output such as
thrusts, shears, bending moments and nodal displacements in the beam elements,
interface element forces and displacements, and stresses and strains in the remaining

mesh elements.

e Beam Output — allows the user to select to view more detailed output within the beam

elements such as maximum fiber stresses, strain ratios, etc.

e Report Preview — displays the desired report.
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Figure 14-35 — Results Generator Input Screen — Load Step 14 Bending Moments and
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Figure 14-36 — Results Generator — Load Step 14 Beam Stresses
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