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CANDE 2007 — Design By AASHTO

« ASD (Called service in the Tutorial)

— analysis for service loads

— computes factors of safety for comparison with target values
e LRFD

— AASHTO LRRFD Bridge Design Specifications, 4" Ed
— Input load and resistance factors
— Analysis for factored loads

— Compares factored load to factored capacity
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AAHSTO LRFD

e Load Modifiers — Section 1
— ductility, redundance, importance
— culverts — live load redundant, earth load is not

e Load Factors — Section 3
— Earth, live, water

e Resistance Factors — Section 12
— Vary by material and limit state
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Corrugated Metal Design Criteria

Design Criterion Demand Capacity

(Strength limits)

Thrust stress (psi) . =N__/A f,= yieldstrength
Global Buckling (psi) | 6,,,=N,../A f,= buckling capacity
Seam strength (psi) O o= Noax /A f,= seamstrength

Plastic Penetration %

pp = computed % plastic

failure = 100%

(Performance Limits)
Allowable deflection %

A . = computed deflect %

Allowable = 5%
(Long Spans = 2%)
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Concrete Design Criteria

Design Criterion Demand Capacity

(Strength limits)

Steel yielding (psi) f =maxsteelstress f, = yield strength

Concrete crushing (psi) o, =max compression | f =compressivestrength
Shear failure (Ib/in) V__=max shear force | V,, = concreteshear capacity

Radial tension failure (psi) | t = max radial stress t , = ultimate radial strength

(Performance Limits)
Allowable crack (in) CW, = maxcrack width | CW,, = allowable CW (0.01inch)
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Thermoplastic Design Criteria

Design Criterion Demand Capacity

(Strength limits)

Thrust stress (psi) O max = Nmax /A f, = ultimate strength
Global Buckling (psi) | o,.,=N, ../A f, = buckling capacity

Combined strain (in/in)

€. — bending + thrust

g, ;= ultimate strain

(Performance Limits)

Allowable tensile strain

€ t-max

= max tensile strain

€ = allowable tensile strain

t-allow

Allowable deflection %

A= computed deflect 9

m

Allowable = 5%
(recommended)
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16 Tutorial Problems

Example | Solution Material | Structure | Installation | Execution Method_of
No Level Type Type Type Mode Analysis

: yp yp yp / Design

7 2 R/C Box Embankment | Analysis LRFD

8 2 Steel Pipe Embankment | Analysis LRFD

9 2 Steel Arch Trench Analysis Service

10 2 R/C Pipe Embankment Design LRFD

11 2 Plastic Pipe Trench Analysis Service

12 3 R/C Box Embankment | Analysis LRFD
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16 Tutorial Problems

Exilrgple Design Features CANDE Interface Features
7 N/A N/A
Uses slotted joints and Level 2
8 extended to add smaller construction |N/A
steps above the crown of the pipe
Uses interface elements, Level 2 : .
: Shows inputting interface angles
9 extended to apply live load, and large : .
: : : using the graphic interface.
deformation / buckling analysis
10 Includes soft backpacking soil around |Shows how to modify chart properties
Pipe of graphs plotted using 'view/graphs.'
Profile analysis, includes interface Shows how to modify the input file
elements, Level 2 extended to add : : : o :
using the text input including inputting
11 soft haunches, long-term load : : :
: . |a user defined soil material and how
duration, and global and local buckling ) :
: to compute interface angles for a pipe
calculations
12 Identical to Problem 7, except Level 3 Shows a user generated Level 3

mesh
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16 Tutorial Problems

Exilrgple Design Features CANDE Interface Features
7 NM N/A N\
Uses slotted joints and Level 2
8 extended to add smaller construction |[N/A
baovua tha cvraonam of tha i
Uses il Uses interface elements, Level 2
9 extend tended t v live load dl |terface angles
Soform extende . O apply |_ve oad, a_n arge |nterface.
deformation / buckling analysis : :
10 Inclu : - lify chart properties
Pipe of graphs plotted using 'view/graphs.'
Profile analysis, includes interface Shows how to modify the input file
elements, Level 2 extended to add : : : o :
using the text input including inputting
11 soft haunches, long-term load : : :
: . |a user defined soil material and how
duration, and global and local buckling ) :
: to compute interface angles for a pipe
calculations
12 Identical to Problem 7, except Level 3 Shows a user generated Level 3

mesh
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16 Tutorial Problems

Exilrgple Design Features CANDE Interface Features
7 N/A e N/A )
Uses slotted joint Level 2
8 extended tg smaller construction |N/A
o thbhao crvcnam of tha i
Usesi - - - -
9 extend Shows inputting interface angles using |terface angles
deforml the graphic interface. nterface.
10 Inclu : - lify chart properties
Pipe of graphs plotted using 'view/graphs.'
Profile analysis, includes interface Shows how to modify the input file
elements, Level 2 extended to add : : : o :
using the text input including inputting
11 soft haunches, long-term load : : :
: . |a user defined soil material and how
duration, and global and local buckling ) :
: to compute interface angles for a pipe
calculations
12 Identical to Problem 7, except Level 3 Shows a user generated Level 3

mesh
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Problem 1 (P1) — Level 1, 60 in. CSP, Design

| T

Depth of fill over
pipe = 30 ft

In Situ

=l
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P1 — Selected Input Parameters

Method of analysis/design - Design - LRFD

Interface - Fully bonded (Slip is the other option)

Joint slip - No joint slip

Material behavior - Linear stress/strain

Analysis mode - Small deformation

Average diameter of pipe - Centroid of pipe wall = 61 in.

Number of load steps - Apply load in 10 equal load steps of 3 ft of soill.
LRFD load factor - 1.95

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

Combined load factor =1.95 x 1.05 = 2.05
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P1- Level 1 - Input Wizard, Screen 1

Main Input Control Paramters

Control Information

— Type of analysiz — Level 2 Specific CAN D E
" Analysis — Canned mesh typpe ————— [~ Soil mesh patter
(s Design 1 Pine mesh {* Embankment
% Bowmesh 1 Tirench 2 OO 7
— Method of analysis/desion ———
& LRFD £ Archmesh " Homogenous | n pu_l_ Wizo rd
™ Sewice i~ Interface elements (pipe only] —
| Pipe-soil
r— Solution level ﬂ
- ! Trenchinsiu : .
% Elasticity [Level 1] Welcome to the CANDE input Wizard|
! FEMat b (Lavel 2 0 Hane You will enter some basic infarmation
Gt Loz 2] about your model and CANDE will
" FEM-user mesh [Level 3] prepare a starter input document that you
¥ MOD-Make changes to the basic mesh ———— can customize for your particular madel.
Use the auto-generate aption for After you complete thg input for each
the interface elements ID 3; Number of nodes to change SCIEen in the Inplut Wizard, press the
— Mext' button until you have reached the
ID 3 Number of elements to change end. Once completed, press the 'Finish'
. |[| 3: Murnber of new loading/boundany conditions button to enter the CAMDE input menus.
|-| 3: Mumber of pipe element groups Contral Infarmation
[Leel 3 anly] o .
On the control information screen, enter
: key infarmation regarding the type of
IED. Corr. Steel - 30 ft Cover Heading for output model, method of analysis, etc.
Ag you change your input on this screen
input will be enablad or disabled
depending on the applicability for the
madel chosen.
B
< Prey | Mext > Firizh Cancel | Press 'F1" far help

=lolx|
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P1- Level 1 — Input Wizard, Screen 2

Main Input Control Paramters

Pipe Material 1

=lolx|

— Pipe matenial type i Concrete specific input = Plastic specific input CAN D E
 Aluminum — Renforcement shape Wil section type
" Basic % Stardard % Smonth [design and|analysis]
W T 1 Eliptical ) General (analysis onl] QOO 7
" Plastic 1 Arbitrary | Profile (analysis only] | _I_ W‘ d
o b nput Wizar
Mumber of . ) ) ﬂ
|1 3; e e Pipe Material Information
elements Enter infarmation on this screen related to
B . the Pipe Material chosen. For Level 1 and
Steel spacifc input 2 type models, only one pipe material is
Jaint slip “any joint travel length antered.
* No = Same lenaths
: For Level 3 models, this screen will be
£ Yes £ Differert lengths repeated M times, where N is the "Number
" ez, show trace N of pipe element groups” enterad on the
|1 =] Mumber of joints "Contral Information” screen.
Asg you change your input on this screen
input will be enabled or disabled
depending on the applicability for the
material chosen.
<< Prev | Mext > Firizh Cancel | Press 'F1" far help
5 August 2009 CANDE 2007 Capabilities
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P1 - Master Control Screen

== x|

- B X

o' Fle Edt  Rum  Yiew ‘Window  Help

[ ShowHelp [ Shaw input o o Master Control A-1

— Tupe of analysiz

E| __I taster Contral - & 1 Analysis
_J M aster Control 1

%) Design
J t azter Contral 2

E‘ _,_I fj'e Defiition - B — Method of analpsis
=R Fipe Definition 1

Steel Material and Control Paramel f LAFD

Steel Dezign Weights [LRFD) ) Senvice

Steel Resistance Factors [LRFD)
E| _J Solution Level Statements - C — Salution level

i X | Contral Parameters [Level 1) 1% Elasticity (Level 1]

- X | Fill Heightz and Soil Properties [Level 1

Beginning and Ending Load Step [Lev € FEM-2uto mesh [Level 2]

' FEf-uzer mesh [Level 3]

IED in. Comr. Steel - 30 ft Cover Heading for output

I‘I ﬁ Humber of culvert element groups
|3|] r aximunn number of iterations/step
i Culvert 1D (Pracess 12:50)

ID Frocess D [Process 12-60)

ID Subdomain ID [Proceszs 12-50]

Accept Input Cancel
< | @
|Menu Selected: Master Contral 1 |Done
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P1 - Screen B-1 - Material Properties

=ls x|

- 2 X

ool File Edt FRun Wew Tools  Window  Help

7 Show Help T~ Show input o 0 Material (Steel) B-1
Material Properties and Contral

E| _J Faster Contral - & , |2SDDDE|E|E| A
__J Master Cortrol Toung's modulus for skeel psi

J b aster Contral 2 Paizzon's ratio ID-3
E| _J Pipe Definition - B _ . I— .
B _,J Pipe Definition 1 Yield stress of pipe 33000 psi

O Steel Matgnal an_d Contral Paramel ) slvess o e e def. o
Steel Design Weights [LRFD]
Steel Resistance Factors [LRFD) Denzity of steel IDEB4 b3
E| _J Solution Level Statements - C . o IU— .
£-[%] Control Parameters [Level 1] Modulus of upper portion of bilinear model psi
X | Fill Heights and Soil Properties [Level 1 —Jaint slip
Beginning and Ending Load Step [Lew F Ho
= Yes

1 Yes, show ace

— Material behavior
¥ Linear stress/strain

" Bilinear stress/strain

r— Analysiz mode
& Small deformation
" Large deformation

" Large def/buckling

Accept Input Cancel

< | B

|Menu Selected: Steel Material and Conkral Parameters |Dc-ne
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P1 - Screen B-2 - Design Weights

&~ C:\Documents and Settingsitjmcgrath\My Documents\CANDE Input Files\Tutorial01-L1METL-DESIGN-LRED - [Input Commands: C:\Documents and Settings\MjmcgrathiMy Doc]

ol Fle Edt Run  Yiew Window Help g x

[ ShowHelp [ Show input Material (Steel) B-2

Design YWWeights for LRFD

& _]_Master Eentrol - 4 ‘wall area failure due to maximum thrust stress

= _]_Master Control 1
_ _] Master Contral 2 Global buckling due to thrust stress

=] Pipe Definition - B

[ . o Seam failure due to thrust stress

= _] Pipe Definition 1
Steel Material and Eolaamel Cross-zection failure due to plastic penetration

FD]

Steel Resistance Factors [LRFD) Service deflection limit

= _] _Solution Lewvel Statements - C
Control Parameters [Level 1]
Fill Heightz and Soil Properties [Lewvel 1

Beginning and Ending Load Step [Ley

Accept Input ] [ Cancel

< | =

Menu Selected: Steel Design Weights (LRFD) Done
——

1

+5 Start
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P1 - Screen B-3 - Resistance Factors

&~ C:\Documents and Settingsitjmcgrath\My Documents\CANDE Input Files\Tutorial01-L1METL-DESIGN-LRED - [Input Commands: C:\Documents and Settings\MjmcgrathiMy Doc]

o) File Edt Run  Wiew Window  Help

[ ShowHelp [ Show input

= _] Master Contral - &
= _] taster Contral 1
J Master Control 2
=] Pipe Definition - B
=] Pipe Definition 1
|| Steel Material and Control Paramel

Steel Design ‘Weights [LRFD]

an

= _] _Solution Lewvel Statements - C
Control Parameters [Level 1]
Fill Heightz and Soil Properties [Lewvel 1

Beginning and Ending Load Step [Ley

< | =

Material (Steel) B-3
Resistance Factors for LRFD

Resistance factor for thrust stress vielding
Resistance factor for global buckling
Resistance factor for seam strength
Resistance factor for plastic penetration

Allowable deflection at service load

Accept Input ] [

Cancel

Menu Selected: Steel Resistance Fackors (LRFD)

's start
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P1 - Screen C-1 - Major Input Parameters

&~ C:\Documents and Settingsitjmcgrath\My Documents\CANDE Input Files\Tutorial01-L1METL-DESIGN-LRED - [Input Commands: C:\Documents and Settings\MjmcgrathiMy Doc]

o) File Edt Run  Wiew Window  Help

[ ShowHelp [ Show input Lewel 1-C-1

Major Input Farameters

= _] Master Cartral - & Average diameter of pipe in

.B Ji‘j‘ﬁ;ﬁ:fc’?ﬂlml , Sail density of backil materia b/t
= _] _Pipe Diefinition - B Mumber of load steps |10 E

=] Pipe Definition 1

|| Steel Material and Control Paramel
Steel Design Weights [LRFD) Pipe-zail interface
Steel Resistance Factars [LRFD) &) Fully bonded
= _] Solution Level Statemerts - C

) Frictiorless

C il Pars el 1]
Fill Heightz and Soil Properties [Lewvel 1
Beginning and Ending Load Step [Ley

Accept Input ] [ Cancel

< | =

Menu Selected: Control Paramekers (Level 13 Done

's start
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P1 - Screen C-2 - Fill Height, Soil Parameters

&~ C:\Documents and Settingsitjmcgrath\My Documents\CANDE Input Files\Tutorial01-L1METL-DESIGN-LRED - [Input Commands: C:\Documents and Settings\MjmcgrathiMy Doc]

o' File Edit Run  Wiew Window Help = =

[ ShowHelp [ Show input Level 1- C-2

Fill Heights and Soil Farameters

= Master Contral - & \
i ED Waster Control 1 Soil Height [ft] ETIJD.-:::E;] Mzdilus Poiszon's ratio
D Master Control 2
»
|| Fipe Definition - & . 1000 oz
=-|_| Pipe Definitian 1 2 |5 1000 025
4| Steel Material and Control Paramel 1 g 1000 025
: Steel Design ‘Weights [LRFD]
- Steel Resistance Factars [LRFD) 4 g2 1000 0.25
B--B Solution Level Statements - C 5 115 1000 025
Contral Parameters [Level 1) & 18 1000 075
Beginning and Ending Load Step [Ley [ 1000 0.25
a8 4 1000 0.25
9 |27 1000 0.25
10 0.25

] Tab-Mave to next cell F2[ar kepstrake]-Edit Cell

 Acceptinput | [ Cancel Shift-Tab-Move back a cell Ctl-Al-Tab-Exit data grid

(_ | 111 ] l|

Menu Selected: Fill Heights and Soil Properties (Lewvel 1) |D0ne

5 August 2009 CANDE 2007 Capabilities 20



P1 - Screen C-3 — LRFD Load Factors

o' File Edit Run  Wiew Window Help = =

[ ShowHelp [ Show input Level 1- C-3

Load Factors for LRFD

=_| Master Control -4 Stating Load | EndingLoad | LRFD Load

BD taster Contral 1 Step Step Factor Comment
D Master Control 2 .
L_..| Pips Defirition - B 1 205 Load increment #1
E‘D Pipe D efinition 1 2 2 205 Factor for load step #2
Steel Material and Control Pararne 9 3 205 Factor for load step #3
Steel Design ‘Weights [LRFD]
Steel Resistance Factors [LRFD) 4 4 205 Factor for load step #4
B--B Solution Level Statements - C 5 5 205 Factor for load step #5
C.ontro.l Parameters. [Level 1_] E g 205 Factor for load step #E
Fill Heightz and Soil Properties [Lewvel 1
Beginning and Ending Load Step [Lev 7 7 208 Factor for load step #7
8 8 205 Factor for load step #8
9 3 205 Factor for load step #9
10 10 205 Factor for load step #10

] Tab-Mave to next cell F2[ar kepstrake]-Edit Cell

 Acceptinput | [ Cancel Shift-Tab-Move back a cell Ctl-Al-Tab-Exit data grid

(_ | 111 ] l|

Menu Selected: Beginning and Ending Load Step {Level 1) |D0ne
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P1 — Design Solution

\Documents and Settings'bpstrohman',Desktop'.Temp'Levell-DESIGN-LRFD-STEEL - [Output Resulks: C:'\Documents and - |5’ |£|i
o' Fle Edt Run Yiew Tools  ‘Window  Help - 8 X
NEE &B 09 HE %>R J
& Row, Col = (153,3) DESIGN 3SOLUTION |
Firnd

DEZIGN SOLUTION FOR STEEL GROUP # 1, DESIGN CY¥CLES = 3

Firnd Mest... I

*#% BEQUIRED THRUST AREL [(IN**=2/IN)......... 0.06557
Output T able of Contents

*++ REQUIRED MOM. OR INERTIA (IN**4/IN) .... 0.00293
~{E3) master control and pipe-type dat

AE3) review system input data *** REQUIRED SECTION MODULUS (IN**3/IHN) .... 0.00887

{[uly]
H-E5) solution output results

THE FOLLOWING 3TEEL CORREUGATED SECTIONS MEET THE
AROVE REQUIFEMENTS WITH MINIMUM AREXL

CORRIIGATION THICENESS THRUST AREL HMOM. INERTIA

1-1/2 X 174 (N0 ADEQUATE SECTION)

Z2-2/3 X L/2 0.109 0.11300 0.00342
IX1 0.064 0.07420 0.00866
S5X1 0,054 o.oe6z0 0.008585
X2 0.110 0.12970 0.06041

THE CORRUGATION 3IZE WITH MINIMUM AREL AND' MOMENT OF INERTIA I3
2-2/3 W 172 WITH THICENESS 0.105 INCH.

AN AWALY3IIS OF THIS COREUGATION FOLLOWS.

R T ol T e i i i s st o SR S S S S S

SOLUTION OUTPUT REZULTS

R i e T S S S S i e i T T T T T T e T S S S S S S S S

al | i3

|Menu Selected: Beqginning and Ending Load Step (Level 1) |Resetting MENUS |
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Problem 6 (P6) — Concrete Arch, Level 2

Live Load

Height of soil cover
above crown of arch = 2 ft

Trench Depth

Total rise of = 85 ft

Ry = 157 'n.T
arch structure

—-—Ry = 53.88 in. = 90 in.

Footing Depth = 20 in.

Py, SRR

o o o P e o o P o o e e P

Trench Width = 5 ftf Arch span = 237.62 in.

5 August 2009 CANDE 2007 Capabilities
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P6 — Input Wizard - Screen 1
o o onvroprometers

— Type of analysiz
% inalysis
" Design

— Method of analysis/dezsign
¥ LRFD

" Semice

— Solution level
" Elasticity [Level 1]

¥ FEM-auto mesh (Level 2]
" FEM-user mesh [Level 3)

r |1ze the auto-generate option for
the interface elements

|1 3: Hurmber of pipe element groups

[Lesel 3 only]

|237 in. Conc. Fiein. Arch - 2 ft Cove

44 Fres | Mexst »» |

Control Information

— Level 2 Specic

— Canned mesh type Sol mesh pattern ——
" Fipe mesh " Embankment
" Bowmesh  Tiench
¥ Archmesh " Homogenous

— Interface elements (pipe anly] =
¢ Poesol
€ Trenchinsitu
€1 Hore

¥ MOD-Make changes to the bagsic mesh

IEI 3: Humber of nodes to change
IU 3: Mumber of elements to change

Ia 3: Humber of new lnading/boundary conditions

Heading far autput

Cancel | Frezs 'F1' for help

=10fx]

CANDE

2007
Input Wizard

.

Welcome to the CANDE mput Wizard!

You will enter some basic information

about your model and CANDE will

prepare a starter input document that you

can customize for your particular model.

After you complete the input for each

screen in the Input Wizard, press the

‘Mext” button until you have reached the

end. Once completed, press the ‘Finish
button to enter the CANDE input menus. |
Cantral Infarmation

On the control information screen, enter
key information regarding the type of
model, methad of analysis, etc.

5 August 2009
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P6 — Input Wizard - Screen 3
e o

CANDE

2007
Input Wizard

Select ‘canned' or User' soil parameters
[Sail madelz 3, 4, and 5 anly)

Sail 1-in situ 1-|zotropic-Linear Elastic j Canned
Soil 2-footing j Canned
A Sail 3backfil IDunezandSelig Canned

Soil b aterial b odel

1-|zatropic-Linear Elastic

soil Praperties Information

Enter information on this screen related to
the Sail Properties. 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
madels is input on the "Level 3
Infarmation" screen.

Set the Soil Material Madel type along
with information related ta the type
chasen. specific soil names and
properties will input on the main CANDE
input screens once the input wizard has ﬂ

[RPRPRPIRY P S Y - PRS- ISR SRy o § P

<¢ Prev Mext »» Finizh Cancel Prezs 'F1' for help
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P6 - Master Control A-1

==l x|

o- File Edit Run  Yew Window Help - 8 X

FES&Hh Do HEnE
[ ShowHelp [ Show input 0 o Master Control A-1

— Type of analysiz
& Analysis
) Design

|»

E- __I tazter Contral - &
__I M aster Control 1
J b azter Contral 2

- __I Pipe Defirition - B — Method of analysis
= __I Pipe Definition 1

Concrete b aterial and Strength & LAFD
Concreta Material Properties 2 £ Senvice
Concrete Reinforcing Steel Pro
¥ | Concrete W all Thickness and | [~ Solution level
Concrete Resistance Factors fo | Elasticity (Lewel 1]

B ] Solution Level Statemnerts - C &
----- Control Parameters [Lewel 2-8rch) * FEMauta mesh (Level 2]
----- X | Flot and Print Contral [Level 2-Arch € FEM-uzenmesh [Level 3]
----- X | Arch and Footing Dimensiong [Lew_
----- X | Arch Seagments and Angles [Lewel ; rTRT— )
----- Cantral Parameters for Changes to I Ew Input e Heading for autput
- __I b aterial Definition Statements - D I_I :’
B __I b aterial Definition 1 fin zitu) =
M :‘:Da:z;l:clf:;j EF'IaarSat:'ge;ear;[rhan; |3IJ W auimumn number of iterations/step
EI__I M aterial Defirition 2 [footing)
; b aterial Control Parameters(iz
X lsotopic: Linear Elastic Parame ID Frocess ID [Frocess 12-50]
= __I b aterial Definition 3 [backfill)
- | Material Control Parameters(Mz ID Subdomain ID [Process 12-50)
Duncan and Duncan/Selig Mo
B __I t aterial Definition 4 [Interface 1) Accept Input Cancel
Material Contral Parameters(tdz
Interface Angles
= __I t aterial Definition 5 [Interface 2)
b aterial Contral Parameters(id
Interface Angles
I'_'I __I I aterial Definition B [Interface 3]
b aterial Contral Parameters[Mc

Interfare &nnles
R 0

|Menu Selecked: Master Contral 1 |Done

Hurmber of culvert element groups

[ Culvert ID [Pracess 12-50)
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P6 — Screen B-3 - Reinforcement

== I}

- 5 X

o-l File Edt Run  Wiew Tools  Window  Help

7 ShowHelp I Show input 00 taterial (Concrete) B-3
Reinfarcement Steel Flacement and Properties

_J Pipe Defintion - B ;l Reinforcement shape

E|---__J Fipe Definition 1 @ Crardard
i Concrete Material and Strength Pro

Concrete Matenial Properties 2 ' Eliptical

Q| Concrete Reinforcing Steel Properti C Arbitrany

- ¥ | Concrete Wall Thickness and Rein

Concrete Resistance Factors for LF 1 Bores CAN D E 2007 Does n Ot

| Solution Level Statements - C .
----- Control Parameters [Level 2-Aich) “Yield sh 0 gttt kel IEEUUU -
----- X | Plot and Print Contral [Level 2-Arch) 1EI0 G L RTINS S P I n CI u d e th e C u rre nt C raC k
----- ¥ | Arch and Footing Dimensions [Level 2+ Young's modulus of reinforcing steel |2SUUUUUE‘ psi

----- X | Arch Segments and Angles [Level 244 IM— CO ntro I eq u ati O n fo r bOX

C Poizzon's ratio
----- ontrol Parameters for Changes to Mod .
_J Material Defintion Statemerts - D Inrer suface spacing between rows of rebar |2 in Se Ctl 0 n S . T h e H e g e r
= _J r aterial Definition 1 [in gitu) > .
M aterial Comtrol Parameters(Materiz Outer surface spacing between rows of rebar I in
|satropic Linear Elastic: Parameters Nuraber of i | { taini A - M CG rath m eth Od IS m 0 re
o _,J Material Defintion 2 (facling) umber of inner cage lavers of reinforcemen t d ”
o+ Material Cortrol Parameters|Materiz MNurrber of cuter cage lavers of reinforcement |1 = CO n S e rva Ive an g e n e ra y
{1 lsotropic Linear Elastic: Parameters

= _J b aterial Definition 3 [backfil) [~ Tupe of reinforcement ————————————— d OeS n Ot CO ntr0| d eS|g n .

b aterial Control Parameters(b ateriz = Srmoath wire or plain barg

Duncan and Duncan/Selig Model F

- )
=1 __J b aterial Definition 4 [Interface 1] ikele 26 e € Bl 7172

|| Material Control Parameters(Materiz " Deformed bars or with stimups
Interface Angles
=X __J M aterial Definition 5 [Interface 2] — Morlinear behavior selection

td aterial Control Parameters(i ateriz
------ Interface Angles

2 _J M aterial Definitian & (Interface 3] " Plus concrete vielding and plastic behavior
b aterial Control Parameters(i ateriz
Interface Angles

I'_'I _J I atenial Definition 7 (Interface 4]

" Concrete cracking

% Pluz steel yielding behavior

i b aterial Contral Parameters(k steriz Accept nput | Cancel
lntartare dnnjes hal
oy ] »
|Menu Selected: Concrete Reinforcing Steel Properties |Resetting MEns
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P6 — Screen CX-4 — Boundary Conditions (LL)

\Documents and Settings'bpstrohman’,Desktop’. Temp'Level2-ANALYS-LRFD-TREN-Arch-CONCRETE - [Input Commands: C:iDocuments and Setking - |ﬁ' |5|I

o Fle Edt  Run  Yiew Tools  Window  Help - 8 X

1

FEH &S IO EE xR J

™ ShowHelp [~ Show input 0 o | Lewvel 2 - Cx-4
Modal Loads and/or Displacements to be Applied

Extended
B- __] Master Control - & = Angle for
&[] Master Control 1 Node | ®Cond | XValue ¥ Cond | ' Walus Skewed gt”e”;‘-
o taster Contral 2 Bound Input
L] _PEE Deefiritior: - B 1 (224 OFoce x||0 OFoce || -24.05 0 g
=8 Fipe Definition 1
Concrete Material and Strength Properti E OForce 0 OForce J 2405 0 10
Concrete Material Properties 2 3 |24 0-Farce 0 0-Force j -24.05 0 1
Conerete Reinforcing Steel Properties 4 |77 OForce 0 O-Farce j 2405 0 12
Concrete W all Thickness and B einforce
Concrete Resistance Factors for LRFD 5 |25 UForce 0 O-Force j 2405 0 3
B- __] Solution Level Statements - C B |225 D-Farce 0 O-Force ﬂ -24.05 0 10
Control Parameters [Level 2-Anch] 7 |zm 0-Farce 0 OForce j 2405 0 19
Flat and Print Control [Level 2-4ich)
Arch and Footing Dimensions [Lewvel 2-4rch__| b5 |25 (Force a 0-Force j 12

Arch Segments and Angles [Level 2-Arch)
Contral Parameters for Changes to Nodes, E
0 Boundary Conditioh Changes
E- __] b aterial O efinition Statements - O
=8 __] M aterial Definition 1 (in situ)
I aterial Control Parameters(M aterial 1)
1 X| lzotropic Linear Elastic Parameters
[—:I__] t aterial Definition 2 [footing)
["] Material Control Parameters(Material 2
1 X | lsotropic Linear Elastic Parameters
=~ __] Material D efinition 3 [backfill)
i Material Control Parameters(t aterial 3)
1| Duncan and Duncan/Selig Model Para
EI__] _Material Definition 4 [Interface 1)
; taterial Control Parameters(t aterial 4)
| Interface Angles
EI__] b4 aterial D efinition 5 [Interface 2
I"] Material Contral Parameters(t aterial 5)
| Interface Angles

I'_'I __] b aterial D efinition & [Interface 3) A | C | Tab-tove to nest cell Fe[or keystroke)-Edit Cell
. | Material Control Tmm.,.mm;,,,.al EIJ e AL EiEd Shift-Tab-Move back a cell Cte-Al-Tab-Exit data grid
1 »
|Menu Selected: Boundary Condition Changes |Resetting MEns
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P6 — Screen D-1 — Soil Definition

Documents and Settings'bpstrohman’,Desktop',Craph Tutorial 6% Level2-ANALYS-LRFD-TREN-Arch-CONCRET

o-l File Edt Run  Wiew Tools  Wwindow  Help

=181 x|

g X

™ ShowHelp I Show input 0 0 katerial Definition - D-1
Material Control Parameters

- _J Pipe Definition - B :l

=B __J Fipe Definition 1 . Material D |1

Concrete Material and Strength

Concrete Material Properties 2 Type |1-Is-:trc-|:-ic-Linear Elagtic ﬂ

Concrete Reinforcing Steel Pro T

Concrete Wall Thickness and | Density b3

Concrete Resistance Factars fo . it situ -
B2 _J Solution Level Statements - C el I J

Cortrol Parameters (Level 2+4rch)] Mumber of layers [over burden anly] I 10 =
Flot and Print Control (Level 2-4ich

Arch and Footing Dimensions [Lewve

Arch Segments and Angles [Level

Control Parameters for Changes to

Boundary Condition Changes

El- _J b aterial O efinition Statements - O

=8 __J M aterial Definition 1 (in situ)

Q| Material Control Parameters{hz

1 X lzotropic Linear Elastic Parame

EI_J b4 aterial O efinition 2 [footing]

; Material Control Parameters(t 2

Isotropic Linear Elastic Parame

= __J M aterial Definition 3 [backfil)

|| Material Cantrol Parameters(Mz

------ Duncan and Duncan/Selig Mo

=- _J b4 aterial O efinition 4 [Inteface 1)

Material Control Parameters(t 2

Interface Angles

= __J M aterial Definition & (Inteface 2]

|| Material Cantrol Parameters(Mz

------ Interface Angles

= _J b4 aterial O efinition & [Inteface 3)

Material Control Parameters(t 2

| Interface Angles

[—:I_J M aterial Definition 7 (Inteface 4)
_{ I aterial Contral Pararmeters[i z

------ Interface Angles hd

1 I I »

Cancel | [efete |

|Menu Selected: Material Control Parameters(Material 1) |Resetting MENS
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P6 — Mesh, Soil Zones, and Load Increments

EE:"-.,Dm:uments and Settings' bpstrohman',Desktop’, Tutorial6L2CONC-AMALYS-LRFD-TREN - [Mesh Plotting: C:\Documents and Setk - |ﬁ' |5|I
o Fle Edt  Run  Yiew Tools  Window  Help - 8 X
J
YNy |
=
L]
Live load boundary
L] o
conditions

|
1=

Kl d

Coordinates: x = 242,20, v = 311.62 Couldn't set scale

|Menu Selected: LRFD Load Factors |Dnne |
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P6 — Output Design Assesment

'\Documents and Settings'bpstrohman’,Desktop’. Tutorial6L. C-ANALYS-LRFD-TREN - [Output Results: C:\Documents - |ﬁ' |5|I

o Fle Edt  Run  Yiew Tools  Window  Help - 8 X
DEE &G D0 B8 > J
é (1,1) 19 -1441.487 600.02 0.0222 0.oo0000 A
20 -4758.13 -4758.13 0.0074 0.o00000
Find
Find Mext... I
—_— AISESSMENT SUMMARY CONCEETE-GROUP 1, LOAD-3TEP 12
Dutput Table of Contents
~-IE3) master control and pipe-type dat
) review system input dats LRFD 5UMMARY EVALUATION FOR GROUP 1, LOAD STEF 12
-ES) zolution output results
DESIGN-CRITERION CONTEOL FACTORED FACTORED RATIO
NODE DEMAND CAPACTTY VALUE
STEEL YIELDING (psi) 1 46010.4 558500, 0 0.7587
CONCRETE CRUSHING (psi) 15 1463.3 3750.0 0.330
SHEAR FATLURE (lbs/in) 3 2395 952.9 0.244
RADTAL-TENSION FAIL (p=si) 1 6.5 al.l 0.10&
LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 12, LOAD 3TEP 1
NODE NUMEEER FOR MAXIMUM CRACE WIDTH .............. 1
MixIMUOM CRACKE WIDTH AT SERWICE LOAD (inches) ..... 0. 00000
LEFD RATIO: Max-CRACK-WIDTH / ALLOWABLE .......... 0.o0
SPaN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 240,08
* % % % NORMAL EXIT FROM CANDE & # * #
J Eeny =l
|Menu Selected: LRFD Load Factors |Dnne |
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CANDE BACKGROUND

« CANDE Purpose

« CANDE History
e CANDE Users




- CANDE PURPOSE -

CANDE isaplane-strain structural analysis and design computer
program for buried structures incorporating soil and structure.

Live L:;if/‘)

L)
)
[

Plastics Reinforced Corrugated
Concrete Metal




- CANDE HISTORY -

COMMENTS

SPONSOR

* First release to culvert community
* Mainframe computer required

FHWA

* Incor porate Duncan Soil model
 Improve r/concrete model
» Add dlotted joints for corrugated steel

FHWA

» Develop PC version
* Add Level 2Arch
 Improve Duncan/Selig soil mode

FHWA

» Graphical user interface for input/output
 Large deformation and buckling prediction
» Multiple pipe type capability (groups)

* LRFD design criteria and methodology

* Bandwidth minimizer

AASHTO

* NCHRP 15-28
* Report 619




-- CANDE-2007 DEVEL OPERS -

Principal Investigatorsfor CANDE-2007 (NCHRP 15-28)
e Mark Mlynarski (Michael Baker Jr, Inc.)

Responsible for graphical user interface input/output and oversight.

« Tim McGrath (SGH)
Responsible for LRFD interpretations and tutorial manual.

- Mike Katona
Responsible for CANDE Engine, new capabilities and models.




- CANDE USERS -

1. DOT Engineersand Consultants

* Evaluate alternative new culvert designs

* Check safety of existing culverts and rehabilitation methods

. Culvert Manufacturersand Suppliers

* Develop new culvert products and installation methods

* Design specific solutions for customers

. Researchersand Investigators

* Interpret experimental data from field and laboratory

* Test bed for new theoretical soil and pipe models




CANDE CAPABILITY OVERVIEW -1

Major |nput Selections (user choices)

» Execution Mode —Analysisor Design

e Evaluation Method —Working stressor LRFD
* Pipe Type(s) —CMP, R/C and Plastic

e Solution Level —Level 1,20r 3

« System Choices— Soil models, interfaces, loading, etc.




- EXECUTION MODE: DESIGN or ANALY SIS -

Pipe Type

Design Criteria

Analysis

Design Goal

Corrugated Metd

JAVAN

e Thrust yielding
* Buckling

» Seam failure

* Plastic hinging

* Deflection limit

Evaluate
saf ety

Specify safety.
Find corrugation
Size and gage

Reinforced Concrete

 Stedl yielding
e Concrete crush
 Shear failure
» Radial tension
e Crack width

Evauate
safety

Specify safety.
Find steel areas.

e Thrust yielding
* Buckling

» Combined strain
* Tensile strain

o Deflection

Specify safety.
Find thickness.




CANDE CAPABILITY OVERVIEW -2

Major |nput Selections (user choices)

» Execution Mode —Analysisor Design

= « Evaluation Method —Working stressor LRFD
* Pipe Type(s) —CMP, R/C and Plastic
e Solution Level —Level 1,20r 3

« System Choices— Soil models, interfaces, loading, etc.




- EVALUATION METHOD -

(1) Working Stress Method

* Input actual service loads for dead, earth and live loads

*  Output evaluation given by safety factors = capacity/demand

(2) Load Resistance Factored Design (LRFD) Method

* |nput actual service loads for dead, earth and live loads
» Input load factors for dead, earth and live loads (load steps)
» Input resistance factors for design-criteria capacities

» Output evaluation are ratios = factor ed-demand/factor ed-capacity




CANDE CAPABILITY OVERVIEW -3

Major |nput Selections (user choices)

* Execution Mode—-Analysisor Design

e Evaluation Method —Working stressor LRFD
—p ¢ Pipe Type(s) — CM, R/C and Plastic

e Solution Level —Level 1,20r 3

« System Choices— Soil models, interfaces, loading, etc.




- PIPE TYPES -

Pipetyperefersto material and cross-section geometry

e Corrugated Metal (Aluminum or Steel)

 Reinforced Concrete

e Thermoplastic

e Basic (generic)

Each pipetypeisdescribed by input for:

e Cross-section geometry
 Material stress-strain model parameters

e Design criteria (later)




-- CORRUGATED METAL CROSS SECTION --

Aluminum and Steel Cross-section Properties

B _thickness | PA = Area (inZinch)
ight
g Pl = Moment inertia (in%inch)

I I PS = Section mod. (in3/inch)

Standard corrugation sizes, pitch-x-height (inch-x-inch)
Aluminum 1.5-x-0.25, 2.67-x-0.50, 3.0-x-1.0
(CANDE Table5.4-1) | 6.0-x-1.0, 9.0-x-2.5

Stedl 1.5-x-0.25, 2.67-x-0.50, 3.0-x-1.0
(CANDE Table5.4-4) | 50-x-1.0, 6.0-x-2.0




-- CORRUGATED METAL MATERIAL --

Aluminum and Steel Behavior

* Bi-linear stress-strain response

 Elastic unloading from plastic

e |[dentical in compression/tension

Aluminum and Stedl Default Values
M odel Parameter Aluminum

PE (Elastic modulus) - ksi 10,000
PYIELD (Yield stress) - ks 24

PE2 (Hardening modulus) - ksi 5% of PE

Poisson ratio 0.33




-- RICONCRETE CROSS SECTION --

PT = Concrete wall thickness (inches)

AS| = Inner wall stedl area (in4/inch)

ASO = Outer wall stedl area (in?/inch)

TBI = Concrete cover to c.g. of ASl (inches)
TBO = Concrete cover to c.g. of ASO (inches)

Other geometry parameters for steel cage details are used for crack width predictions.




-- CONCRETE MATERIAL --

Stress

Concrete stress-strain model t

PFPC (fc)

* Abrupt tensile cracking with tensile stress >
release and no subsequent healing.

|
|
g
|
|
|

*Tri-linear compression curve becomes fully }

plastic at compressive strength limit. i /' elmarey st
i i

<€
* Elastic unloading from plastic zones. V

Tension
Zone

Key model parameters (default values).

PFPC Concrete strength (4000 psi)

PCE Elastic modulus (3,834 ksi)
Strain-1 | Tensile cracking strain (0.0)
Strain-2 | Initial yielding strain (0.0005 in/in)
Strain-3 | Initial plastic strain (0.002 in/in)
PNU Poisson ratio (0.17)




-- REINFORCING STEEL --

Stress

Strain _

Relnforcement stress-strain behavior
* Elastic-perfectly-plastic model

e Identical in tension and compression
* PSE = Elastic modulus (29,000 ksi)
* PFSY =Yield strength (60 ksi)




-- PLASTIC CROSS SECTIONS --

Solid Wall

PT = Wall height (in)

General Wall
-
PT
L
» PT and PC = Wall height and centroid (in)
* PA = Area (in?/inch)

e Pl = Moment inertia (in¥/inch)

Profile Wall

Valey (1)

Liner (2)

Valley (1)

Profile Input Geometry

Profile Period and height

Web Angle, thickness, k-value

(1) Valley Thickness, length, k-value

(2) Liner Thickness, length, k-value

(3) Crest Thickness, length, k-value

(4) Link Thickness, length, k-value




-- PLASTIC MATERIALS --

Stress

Ther mODIaS“C StreSS-Stra”'] PU — (Short term)

 Linear elastic representation

| PE — (Short term)

 Long-term and short-term properties PU - (long term)

 Prescribed strength limits

: PE — (Long term)
|

Strain

Default values for

* HDPE (high density polyethylene)
* PVC (polyvinyl chloride)
* PP (polypropylene)




-- PROFILE LOCAL BUCKLING --

Compressive strainsin profile e ements cause interior
wrinkling (buckles) that reduce cross-section effectiveness.

Unloaded profile | oaded profile

| | !
| | |
: : ! Local
- - - buckling
: : - *~ damage —
i | '
i .

CANDE damage analysis performed on each profile
element at each node around pipe.**

** Local damage based on AASHTO LRFD 12.12.3.5.3




CANDE CAPABILITY OVERVIEW -4

Major |nput Selections (user choices)

» Execution Mode —Analysisor Design
e Evaluation Method —Working stressor LRFD
* Pipe Type(s) —CMP, R/C and Plastic

—p o SOlUtiON Level —Level 1,2 0r 3

« System Choices— Soil models, interfaces, loading, etc.




- SOLUTION LEVELS-

 Level 1 — Elasticity solution by Burns and Richard.

| dealized model useful for insightsand simple design

e Level 2 —Finite eement method with automated meshes.

Realistic modelsfor symmetric installations ( work horse)
Choices. (1) Pipeemesh (2) Box-mesh (s) Arch-mesh

e Level 3—Finiteelement method with user-defined mesh.
Unlimited modeling fidelity within 2-D framework.




--LEVEL 1--

Conceptual model

v v

QOverburden pressure

Interface option
+ bonded

+ frictionless

Homogeneous Soil

« E:=Young's modulus
+« Vg = Poisson's ratio
v = Soil density

\/
1
f
f
f
f
f
2
2
2

e e s T S

R HE KRR KR

| nput parameters
* Piperadius (R)
» Soil density (y)

 Load steps
* | nterface condition

 Soil properties, depth (E, v, H)

Output around pipe

 Displacements
« Moment, Thrust and Shear
* | nterface normal and shear stress

* Pipe-type dependent responses




-- LEVEL 2 CHOICES --

Automated Finite Element M eshes (symmetric) for:

* Pipe Mesh (circular or éliptical)

 Box Mesh (sguareor rectangular)

» Arch mesh ( 2-or-3 segments, curved or straight)

Extended L evel 2

e Adjust geometry
* Change material zones (e.g. create voids)
* Add liveloads




-- LEVEL 2 PIPE MESH --

Embankment mesh Trench mesh

P, = Trucated soil over-

4—‘ f burden pressure (NINC-5)

la—(R:+3 TPAG )= P = Trucated soil over- le—16 TRNWID

/_ burden pressure (NINC-5)

HTCOVR
(Variable)

HTCOVR
5 5 5 5 (Variable}
Backpacking (number defined by user)

TRNDEP
(Variable)

gline

Constructio Constructio
Increment Increment




-- LEVEL 2 BOX MESH --

Embankment mesh Trench mesh

P. = Trucated soll over- [ + TRNWID— P, = Trucaled soil over-

/_burden pressure (NINC-9) /_bulden pressure (MING-8)

y A l l-vt_i l ll r \ 4 A
CE o|9|9

8|88

Variable cE HTcowR Variable Fin_{ OVR
(3R Max) able) Soil Y
. {3R: Max) 7|7|7 P

&

@
@
R
@
@
@

6

-3
-]
-
-
-
-

?C.L. of Y

R; Box 3
tax
| R

Concrate |

Rz Box ~ ||

|«

Concrete  °
Box

=M MWW e
- NN W W | &0
= MWW A s
- R M| W W |t
- MR W W | st
= M| M| W | | h
- NN W W s s
- R MW W A s
Y N O PO O I I
Y PSR P [ P [ N
e
[ T

-
=
-
-
-
-
-
-
-
-

R R FRREBRKER




-- LEVEL 2 ARCH MESH --

P, = Trucated soil over-burden
pressure (NINC-11)
Y ¥ [

HTCOVR

Varigble Fill Soil

(1.5 (RISE)
Max) 77[zf7/1/7

A y
b CLof 7

TRNDEP
Pipe 4 Cormer Variable
RISE o Segment

i iy Side
|
| SDRISE i,y Segment 2

3

3
3
2
2

Footing In-situ
soil

Construction
Increment

FTWIDI—
HFSPAN

‘ 4.75(HFSPAN) — 0.25(RISE)

Choices. (1) Embankment or trench installation

(2) Two segment or three segment arch shapes
(3) Straight or curved segments




-- LEVEL 2 EXTENDED --

For any L evel 2 mesh configuration:

* Change coordinates of nodes
» Change properties of elements

» Add or change boundary conditions

N\

Change bedding shape Changeto soft void Add liveload on surface




-- LEVEL 3BUILDING BLOCKS --

Quadrilateral

8 External dof
+

12 Internal dof

Beam-Column

6 External dof

Triangle

6 External dof
+

6 Internal dof

Interface

Constraint
Equations




-- LEVEL SEXAMPLE MESH --

Threerenforced/concrete arches (92’ span each)

* 8,586 elementstotal
* 4 pipe groupsincluding side tunnel
10 soil material zonesincluding pile supports

12 construction increments pluslive load




CANDE CAPABILITY OVERVIEW -5

Major |nput Selections (user choices)

» Execution Mode —Analysisor Design

e Evaluation Method —Working stressor LRFD
* Pipe Type(s) —CMP, R/C and Plastic

e Solution Level —Level 1,20r 3

- ¢ System Choices— Soil models, interfaces, loading, etc.




-SYSTEM CHOICES -

Other major choicesinclude:
1. Soil modd choices:

Linear elastic (isotropic and orthotropic)

Over burden dependent (canned and user supplied)
Duncan/Selig soil models (canned and user supplied)

Extended Hardin soil model (canned and user supplied)
2. Interface properties (angle, friction and tension)

3. Largedeformation and buckling (on or off)

4. Nonlinear controls (iteration limit and bypass)




OVERVIEW COMPLETE

Next: LRFD Design Criteriaand GUI Input
Then: GUI Output and Illustrations
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Introduction
Output data and Viewing Options

« Graphical User Interface (GUI) output options
 Files generated by CANDE

« How to make a report based on FEA analysis
results.
— View output report
— Mesh generation
— Graphical outputs

Most of the examples are from a project Dr.
Katona and | worked on.

8/6/2009



Six Cases Analyzed

Good Soil Series Poor Soil Series
Case 1 - Damaged host pipe only Case 4 - Damaged host pipe only
Case 2 - Damaged host pipe + plastic liner + Case 5 - Damaged host pipe + plastic liner +
good grout good grout
Case 3 - Damaged host pipe + plastic liner + fair | Case 6 - Damaged host pipe + plastic liner +
grout fair grout

 Diameters 18” to 72" (total of 10 diameter)

 Dead Load

 Live Load

 Good Soil — 3,000 psi Modulus (125 pcf)

* Poor Soil — 1,000 psi Modulus (120 pcf)

e Good Grout — 70 pcf; 211,000 psi Modulus; 770 psi Strength

o Fair Grout — 40 pcf; 69,000 psi Modulus; 200 psi Strength
8/6/2009




File Generation

@ C:\Documents and Settings\Tim Toliver\My Documents\ALL FILES\CANDEInputFiles\TutorialProblems\e
File Edit \View Favorites Tools Help

eﬂad{ - \_/I lﬁ fl__\] Search ‘H____L' Folders *

Address ||.f} C:'\Documents and Settings{Tim Toliver My Documents'ALL FILES\CAMDEInputFiles {TutorialProblems\example

Folders x Mame

@' Desktop

= Ei My Documents
; I3 Autodesk
Typlca“y [= L) CAMDEInputFiles

begln Wlth I 4-11-katona-zipfiles

|5 ECO-CHAMBER

one input file = 3 15C0 Files
Bﬁeam

= I25) Host-pipe-diameters

[ 12-inch-ISCO

I3 15-inch-IsCo
I3 18 ¥ 14-inch-ISCO
I3 18 ¥ 18-nch-ISCO
£ 24¢184nch-IsCO Input file
I 24%20-inch-I15C0O
=) 30%24-inch-I1SCO
I 30%26-inch-ISCO
= 153 36-nch-ISC0

8/6/2009



File Generation

ocuments\ALL FILES\CANDEInputFiles\TutorialProblems\e

New files after running
input files

umentsiALL FILESYWCANDEInputFiles \TutorialProblems\exgimple \
. . . . Mame Size | Type Date Modified

CID file is the mpUt file =~ ["8]Host=36, 55 LB, Good Soil.cid J2KB CIDFile 3/5/2009 9:21 PM
and most critical. || Host=36, 55 LB, Good Soil.cid.stp 25KB STP File 8/4/2009 11:13 AM
Host=36, 55 LB, Good Soil.cid.bak1 32KE BAK1File 8/4/2009 10:38 AM
PLOT2.dat 253KB DAT File 8/4/2009 11:19 AM
PLOT1.dat 720KB DAT File 8/4/2009 11:19 AM
” h b || Host=36, 55 LB, Good Soil_MeshResults.xml 3,719KB XML Document 8/4/2009 11:19 AM
A Ot ers m e |£|Host=35, 55 LB, Good Soil_MeshGearn, xml 281KB XML Document 8/4/2009 11: 18 AM

. B — - P fAaf N

de|eted’ however |f _,_Hnst_sn. 55 LB, Good SDll_Eieal:TnFlesuIts.me 1,292 KB %ML Documnent a,f.-*r;.znng 11:19 AM
. |elHost=38, 55 LB, Good Sail.out | 1,928 KB OUT File 8/4/2009 11:19 AM
deleted to view an =] Host=38, 55 LB, Good Soil.log §KB TextDocument | 8/4/2009 11:19 AM
Output report you Wl” Hl:lst=3|:-. 55 LB, Good Sail. ctc 31KB CTC File 8,-'_—1,-'.2009 11:19 AM
. fort.89 1KE 89 Fie 8/4/2009 11:18 AM
need to re-run the Input =] Host=36, 55 LB, Good Soil.cid.bak2 32KE BAK2 File 3/4/2009 11:18 AM
file 1| ~8st=38, 55 LB, Good Soil.out 1KE OUT File 8/4/2009 11:34 AM

8/6/2009



OUTPUT AND GUI

After running input file, open “View” tab shown below.

¥ C:\Documents and Settings\Mark Mlynarskii\M
File: Edit Run

D= EH &6

Tools Siirnd oy Help

Input Menus

Cukput Report (CARNDE)

CAMDE Log File
Mesh Plak
Graphs

Fesulks Senerakor

Key Selection Choices

* Output Report (CANDE) — most comprehensive source of information
* Mesh plot — finite element mesh topology and stress/stain contours

» Graphs — Pipe-group plots of structural responses like moment diagrams

8/6/2009



OUTPUT
REPORT
CANDE

e Output report can be
quite large depending
upon mesh complexity
and number of load steps.

* Interactive table contents
locates data of interest
and is divided into three
parts:

 Master Control
e Input Data
e Qutput Data

8/6/2009

:\Documents and Setti

o File Edit Run  View Window Help

DFESh D EE xR

m Toliver\My Documents\ALL FILESWCANDEInputFiles\T

IProblems\example\Host=36, 55 LB, Good Soil - [

P& Row, Col = (8,2)

[ Find Net... ]|

Qutput Table of Contents

[E5) master control and pipe4ype data for problem & 1

E:] review system input data

2-E3) solution output results
[E) finite element output for load step
[E) finite element output for load step
[E) finite element output for load step
[E) finite element output for load step
[E) finite element output for load step
[E) finite element output for load step
[E) finite element output for load step
[E) finite element output for load step
[E) finite element output for load step
£ finite element output for load step 10
B finite element output for load step 11
B finite element output for load step 12
B finite element output for load step 13
B finite element output for load step 14
[E) finite element output for load step 15
B finite element output for load step 16
[E) finite element output for load step 17
B finite element output for load step 18
B finite element output for load step 19
B finite element output for load step 20
B finite element output for load step 21
B finite element output for load step 22
B finite element output for load step 23
B finite element output for load step 24
B finite element output for load step 25
B finite element output for load step 26
[E) finite element output for load step 27
[E) finite element output for load step 28
B finite element output for load step 29
B finite element output for load step 30
[ finite element output for load step 21
B finite element output for load step 32
B finite element output for load step 33
B finite element output for load step 24
B finite element output for load step 35
[E) finite element output for load step 36
[E) finite element output for load step 37
B finite element output for load step 38
[E) finite element output for load step 29
B finite element output for load step 40
B finite element output for load step 41

AR B 3 b —

w oo

[E) finite element output for load step 4
[E) finite element output for load step 4
IE5) finite element output for load step 4

] MASTER CONIROL AND FIFE-TYFE DAIZ FOR FROBLEM # 1

USER TITLE: Heat diameter=3&,deep burial,Good Seil, 55 LB grout,

EXECUTION MODE svusuvsvennnnsnnnas BNALYS
SOLUTION LEVEL .vuuvvvenvnnnnennns #3 USER
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER. OF PFIFE-ELEMENT GROUES 2
MEXIMUM ITERATIONS PER STEF ...u.n 30
PIFE-TYPE FROFERIIES FOR GROUER & 1
PIFE ELEMENT TYPFE ...vvvvnnnnannn STEEL
NUMBER OF BEZM ELEMENTS ......... 10

STIEEL ELEMENT FROFERTIES A

A5 FOLLOWS:

YOUNGS MODULUS OF METAL (P5I)...... 0.10000E+01
POISSONS RATIO OF METAL (-) ....... 0.30000E+00
YIELD 5TRESS OF METAL (PFSI)........ 0.10000E+01
LONGITUDINAL SEAM SIRENGIH (ESI)... 0.10000E+01
DENSITY OF METAL (PCI)....cuvvunnnn 0.00000E+00
MODULUS OF UBEER BI-SLOFE (F5I).... 0.00000E+00
MATERIAL CHARACTER CODE, NONLIN sovevssan 2
NONLIN=2,MEZNS BILINEAR ELASTIC-FLASTIC
LARGE DEFORMATION/BUCKLING CODE, IBUCK... 1

IBUCK=1, MEZN3 LARGE DEFORMATION THEORY FOR GROUF
AND SIMFLIFIED BUCKLING PREDICTION, RZASHIO 12.7.2.4-1-2

SECTION PROFERTIES OF CROSS-SECTION:

Level 2




Output Report

The .OUTT
The .OUTT

The preceding example had:
— 683 pages e 2
— 38,912 lines of text S
— 1,168,949 characters of text o

Minimizing the report and summarizing the

e Is a word compatible file.
e can get very large

results Is important.
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Presenting Data

Rather than using the “.OUTfile”, you can
customize the report by using the results
generator.

— To start the results generator

8/6/2009

Results Generator

[ Print mesh information

Node coordinates
Element connectivity

Boundary conditions

Select load steps

Load step 1 Fs
Load step 2 :
Load step 3

Load step 4

Load step &

Load step &

Load step 7

Load step &

Load step 3

Load step 10 b

[ selectan |

Clear

Eepott Generator Directions

L Select output options from the “Gengral Mesh Quipur tab and from the "Beam Quipur tab.
Click on the ‘Generate Preview’ button.
Click *0OF to open and browse the zenerated report.

5
2

eam Qutput | Report Preview |

Prirt bieam irfomation

Formatting Beam (20 elements)
Column separator Thrust force node |
|| vertical Bar |

Shear force node |
Moment resultant node |
Thrust force node J
Shear force node J

[ Set all output to exponertial

8o

File
® US units Moment resuttant node J

O Slunits
Print displacement information

Node displacements

MNode displacements

Cancel

« Select View>Output Generator (from the CANDE Toolbar).

[ Prirt interface information

Total nomal interface force
Total shear interface force

Last incr./nomal interface farce
Last incr./shear interface force
Relative x-displacement

Relative y-diaplacement

Print Quad/Tr irformation

Wertical strain
Horzontal strain
Shear strain
Vertical stress
Horzontal stress

Shear stress

=)




Customizing Report

e To further customize your report you can
accomplished by cutting and pasting
portions of the report.

 One easy way to do this is to use the
Interactive table of content to go directly to
the are of interest in the report.

e Copy using the <control><C> command

 Then Insert text directly into a word
document.
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- MESH PLOT -

* Plot nodes, elements, materials, construction
Increments, etc. can be plotted.

 Select View>Mesh Plot (from the CANDE Toolbar).

Element numbering

so| 91 | 82 | 9@ 84 85 25
23| B4 | 85 | B8 & ap G
THE| 7P| ™ | ™ 1] & 82
L]
i] D 72 73 T4 75
23
o | B 67 B8
26 | B B2 63 64
N 5B 50 (1]
7| e 54 65 60
28
30 4, 28 49 50 51 52
43 | 44 45 46 a7 48
aF | M ] 40 41 )
1| 22 33 4 a5 28
8/6/200




- MESH PLOT -

At times the element numbering may be too close together or on top of
each other in the case of interface elements.

In the case of interface elements may be necessary to generate a
second diagram to illustrate the element layout.

Element numbering

Host Pipe
Interface

Grout

Interface

Liner

0| 91 | 22 | @ 04 85 85
82| B4 | 35 | 88 &7 ap 9
T TR | MM B 8 82
L]
o 72 73 T4 73
&6 B a7 B8
81 62 | ——T 64
5T 5B 50 60
52 54 5 58
28 49 51 52
NP2
43 | 44 45 a7 48
a7 | E) 4 # 4
81 | 22 83 a4 ag a8

Added Elements

Grout 97 — 106

Liner 107-116

Interface grout-host 117-127
Interface liner-grout 128-138

e e nein



- MESH PLOT -

Other options include

Backfill Materials Construction Increments
3 3 3 3 3 3 3
3 3 3 3 3 3 3
3 3 3 3 3 3 kK
%g 3 3 3 3 3

3
3 3 3 3 3 3
al3 | 3 3 3 3
3| 3 3 3 3
3 3 3 3 3
2
2 4 2
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Mesh Plot Output

« Plot can be customized using the Mesh viewer options
feature.

ot Fle Edit FRun  View Window  Help

PE N B, M G Ry oxdsizpss pb 05 F || R 4 5| A A
Mesh Viewer g )
Plotting Parameters
O ptl 0 n S - - = - Mesh Colaring Magnification Factars Boundary condtions Waterials and Construction Incrments
| Show f boundary I i
[E] Element text color H| Deflection e STI TR R TR
[ Show other boundary E] )
u O n E] Element line color 2| Boundary diameter Material number text color
[ Show constr. increment numbers
L . 3 3 E] Node text color )
S e C I fl e S Element Numbering MNode numbering [E] Constr. increment text color
[ Inteface numbering [] Inteface numbering
(M) Eeam elemert colar Beam numbering [ Bzam numbering Ignere deflections
I tt - = e Beam element thickness [ Trangular element numbering [] Trangular node numbering [ Ignore deflections /by load step
p O I n g 2 3 [] Guad element numbering Quad node numbering
Load step
I e oK ] ’ Cancel




- MESH PLOT (output) -

Plot stress/strain color contours (vertical, horizontal

shear)
Vertical Strain Scale for Vertical Strain (infin)

Defl. Magnif. = 2.00

0.00040

-0.00002
-0.00045
-0.00088
-0.00130
-0.00173
-0.00215
-0.00258
-0.00301
-0.00343
-0.00386
-0.00428
-0.00471
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GRAPHS FOR PIPE GROUPS

Plot diagrams for moments, thrust, shears and

many key responses

i P
Bending moment(lb-in/in): Load steps 3,7,10,
E L
: o S N S — — =
(|

eeeeeeeeeeeeee

PG B M e (F 2 RS MG R A
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Graph Properties Page

Bending moment(lb-in/in): Load steps 3,7,10,

@
E 230.2
E i
5 -
= 1151 -
= @
g A i 2
- .  e—o
o 00 . S+
o 4 & 6 . ] 10 12 14 16 18 20
g @ —d . .
2 -115.1 .
qu; A Chart Property Pages @
-230.2 Series | Grid/Auis | Legend || Gallery | System || Quick Layout | About
@
Grid Settings
X Location: B3 - Margin Left: |100 -
Beam Node Number
Y Location: |85 E Margin Right: |40 E Limit Lines: | Off -
] = A T
i u &, hﬁ % Ql 2R G A5 R Width: 1173 k= Margin Top: |40 % | High Value: E |
Height 333 % | Margin Bottom: |40 v | Low Value: (0 E
-
Graph properties page —
- - Tick Settings Scale Settings
(r I g | lt C I I C k O I I g rap | I) C al I Tick Mode: | OnStart&iZero v Scale: | SmartScaling w
Tick Interval: |1.1000 £ User Min: (0.0000 e
-
~[n nnnn Y
format you graphical o | | b8
Minor Ticks: |0 E
-
r eS e n tat I O n O f t I l e d at a Mote that Tick Count takes precedence if both Tick Count and Tick Interval are
u specified.
a n




Thank you

for Attending the TRB Webinar
INTRODUCTION TO CAPABILITIES OF
CANDE-2007

(Culvert ANalysis and DEsign)

Presented by:
Tim Toliver, P.E.
www.4pipe.com

E-mail contact; tim@4pipe.com

Advanced Pipe Servicegﬁ
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