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Pier3 — Modify Footing Example

BrDR Substructure Tutorial

Pier 3 — Modify Footing Example

This example modifies one of the spread footings in the BID20 example provided with the sample database to be a

drilled shaft foundation. The BrDR substructure unit can perform a soil-structure interaction analysis. An example
describing the analysis can be found in in tutorial “3 Drilled Shaft” in 2012 User Group — Training.

If the user does not want to use the BrDR soil-structure interaction analysis, this example describes how to analyze a
pier with drilled shafts considering a user-defined point of fixity. A point of fixity found from an outside source, such
as LPile or COM®624 can be entered as the base of the drilled shaft in BrDR. BrDR can then perform a finite element

analysis and specification check of the pier considering that point of fixity.

From the Bridge Explorer, using the Import button, import the Pier 3 xml provided with the Pier3 Frame Pier

tutorial. The partially expanded Bridge Workspace tree is shown below.

r

Workspace

Bridge Components

- 0 x

] M LRFD Substructure Example 1

[+ [r;?(.mﬁp:inent:

leaa'ragm Definitions

7 Lateral Bracing Definitions
MFFLRFD Multiple Presence Factors
EE Environmental Conditions

OF Design Parameters

B &) SUPERSTRUCTURE DEFINITIONS

brrf 2 Continuous span
E- & BRIDGE ALTERNATIVES
4Dy 2 span bridge (E} (C)
- 4Dy Continuous span steel bridge
= 4Dy Training Alt
i [ SUPERSTRUCTURES
- f-f Stiffness Analysis
= &2 PIERS
& TT Piert
& (5 PIER ALTERNATIVES
- TT 2 Column Frame (E) (C)
- T Default Materials
Geometry
- WP Cap
) COLUMNS
- W Columnl

Companents

Geometry

- W Column2
Companents

Geometry

=3 Column3
- B Components
- [ Geometry

- ¥ Substructure Loads

brrf Simple span structure (right support is rolled)
brrf Simple span structure (left support is rolled)

B [ Reinforcement Definitions

- Reinforcement

= &) FOUNDATION ALTERNATIVES
B B 12412 Footing () (C)

B [ Reinforcement Definitions

- Reinforcement

= &3 FOUNDATION ALTERNATIVES
[ Wl 12412 Footing (E) (C)

& [ Reinforcement Definitions
g Reinforcement
= &) FOUNDATION ALTERMNATIVES
B W 12412 Footing (8] (C)
- gk Superstructure Loads
- S8 Superstructure Environmental Loads
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Column Properties — Pierl — 3 Column Frame
Double click on Column1 node in the Bridge Workspace (BWS) tree as shown below.
Workspace 2

Bridge Companents
+F @l Lontinuous span steel bndge

- M Training Alt
- [ SUPERSTRUCTURES
- Stiffness Analysis
= &) PIERS
& TT Pierl
B [ PIER ALTERNATIVES
2 TT 3 Column Frame (E) (C)
- BT Default Materials
- TT Geomatry
[+ W Cap
=5 COLUMNS
| = W Columni |
- B Components
- ] Geametry
& [ Reinforcement Definitions
Reinforcement
- [ FOUNDATION ALTERNATIVES
B B 12412 Footing () (C)
= W Column2
B Compaonents
O Geometry

Uncheck the checkboxes Existing and Current in this window as shown below.

& Column Properties -Pierl - 3 Column Frame - m} X

Name: Column1

Description Additional loads

Existing = Current = Foundation alternative name = Description

e

Exposure factor: 1

OK Apply Cancel

Click OK to apply the changes and close the window.
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Foundation Alternative
Double click on FOUNDATION ALTERNATIVES node and the New Foundation Alternatives Wizard opens.
Select the Single Drilled Shaft option and click Next.

Workspace & X

Bridge Compaonents
+- b Lontinuous span steel bndge a

- M Training Alt
i [ SUPERSTRUCTURES
= Stiffness Analysis
= |3 PIERS
2 TT Pierl
=8 | PIER ALTERNATIVES
B TT 2 Column Frame (E) ()
&I Default Materials
ﬁGeome’try
[+ W@ Cap
=~ &) COLUMNS
- W Columnl
- B Components
- H Geometry
- [ Reinforcement Definitions
Reinforcement
[= & FOUNDATION ALTERNATIVES |
[+ M 12x12 Footing

M New Foundation Alternative Wizard K

m— a

A,

Spread Footing Pile Footing Single Drilled Shaft

< Back Cancel Help
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Enter the following description of the foundation and click Finsh.

% Mew Foundation Alternative Wizard *
Type:
Narme: Drilled Shaft
Description:
Units: US Customary v

Top of shaft elevation:

Bottom of shaft elevation: 40

Shaft diameter: 4
Shaft material: Class A (US) ~
Rock socket:

Bottom of socket elevation:
Socket diameter:

Socket material:

< Back Cancel Help

The Foundation Properties window opens. Click OK to add this foundation alternative and close the window.

™ Foundation Properties-Pier]-3 Column Frame-Column - [m] X
Name: Drilled Shaft Foundation type:  Drilled-Shaft Foundation
Description  Soil  Userp-y curves  Usert-zcurves  User q-w curves
Description: Units: US Customary v
Shaft material: ~ Class A (US) ~ Consider axial loading
Rocket socket

Socket material:
Steel casing
Include steel casing
Casing material: Top of casing elevation:

Corroded casing thickness: Bottom of casing elevation:

0K Apply Cancel
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Drilled Shaft Geometry
Expand the Drilled Shaft foundation alternative. Double click on Geometry to open the Drilled Shaft Geometry
window to view the geometry data. The drilled shaft point of fixity is at 40°.

Workspace 2oy

EBridge Components
- @b Lontinuous span steel bndge
- M Training Alt
B [ SUPERSTRUCTURES
- Stiffness Analysis
=[5 PIERS
& TT Pierl
5 () PIER ALTERNATIVES
2 TT 3 Column Frame () (C)
I.T Default Materials
ﬁGeome{ry
[ W Cap
& ) COLUMNS
B W Columni
E Components
]:[ Geometry
[+ @ Reinforcement Definitions
Reinforcement
) FOUNDATION ALTERNATIVES

BB 12417 Footing

- [ Geametry
@ Reinforcement Definitions
- B Reinforcement

Analysis Control

& B Column2

D Drilled Shaft Geometry-Pier1-3 Column Frame-Colurnn1 - [m} >

Pier Transverse Axis
Column Transverse Axis

I
Pier Longitudinal Axis /_:_\

Column Longitudinal Axis ( 1 J
I
\:—/
1
D1
T
T STA. AHEAD Plan View
I—»" L
Dimensi
Location E‘E\E:t;‘-un ;’E‘
D1
» | Shaft Top 53.75 4
Shaft Bottom 40 4

QK Apply Cancel
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Reinforcement Definitions

Double click on Reinforcement Definitions node to open the Drilled Shaft Reinforcement Def window and click

on the Generate pattern button to open the Generate Pattern Wizard window as shown below.

i
[ m Eridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS ? — (m]
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
EE
A
Preliminary
Analysis Results |
4 Drilled Shaft Reinforcement Def - Pier! - 3 Column Frame - Column - u] X
Workspace
) Name:
Bridge Components
- gy Lontinuous span steel bridge Bundle bars
- My Training Alt 1Y
[ SUPERSTRUCTURES 4 Bar Bar Material X Y
- 14 Stiffness Analysis PN s (in) (@
B (3 PIERS . I N
B TT Piert 4 ! Voax
B (3 PIER ALTERNATIVES s T &
& TT 3 Column Frame (8} (C) X ! }
- T Default Materials N ! .
.
T Geametry S ‘_,’
W Cap i
= 2 COLUMNS .
T
W Calumni TSHI Ahead
A Components
n| Geometry L

[7 Reinforcement Definitions
[ Reinforcement
|&) FOUNDATION ALTERNATIVES
B 12412 Footing
- Drilled Shaft (E) (C)
- I Geometry
@' Reinforcement Definitions
- [ Reinforcement
Analysis Contrel

& W Column2
B Compenents
O Geometry

[ Reinfarcement Definitions
- [ Reinforcement Generate pattern New Duplicate Delete

|9 FOUNDATION ALTERNATIVES

- 1212 Footing () (C) 0K Apply Cancel
= W Column3

B Compenents v

Enter the data shown below and click OK.

M Generate Pattern Wizard K
Pattern name: Drilled Shaft Bars Bundle type Bar size: 10

Drilled shaft segment:  Shaft e o Single Material: Grade 60 V

Segment cross section: Round 2 Parallel Clear cover: 2.5 in

2 Perpendicular Mumber of bars:

)

Top / bottom: 3 Bar
Overall trans. width:

Overall long. width:

Cancel
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Uncheck the Bundle bars checkbox and click OK to save the reinforcement definitions and close the window.

M Drilled Shaft Reinforcement Def - Pierl - 3 Celumn Frame - Columni - O x
Mame: Drilled Shaft Bars
Bundle bars
+Y
A
] Bar B_ar Material }'C Y
- il size {in) {in)
~
7 ! 9 1|10 ~ | Grade 60 ~ 20.865 0
4 I
\
S L. _._. ;_,+x 2 10~ |Grade®0 v | 1808962|  -104325
i
\ : J,f 3 |10 ~ | Grade 60 w 104325 -18.06%962
\ 7
\\_‘L ! i 4 |10 ~ | Grade 60 ~ 0 -20.865
~q- -
5 10 ~ | Grade 60 v -10.4325 -18.06962
T - 6 | 10 ~ | Grade 60 w -18.06962 -104325
TSta Ahead
p L 7 |10 w | Grade 60 W -20.865 0
8 |10 ~ | Grade 60 e -18.06962 104325
9 |10 w | Grade 60 w -10.4325 18.06962
10 | 10 w | Grade 60 W 0 20.865
11| 10 ~ | Grade 60 ~ 104325 18.06962
»12 |10 w | Grade 60 w 18.06962 104325
Generate pattern New Duplicate Delete
QK Apply Cancel
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Reinforcement

Double click on the Reinforcement node in the BWS tree and assign the flexural reinforcement as shown below.

™ Drilled Shaft Reinforcement - Pier] - 3 Column Frame - Columni — O X

Flexural Shear

Sl SHeRi I Hook at | Hookat | Developed Developed

Set dls}:;;ce Ie?{%th dls:;;\ce Pattern i end - e
1 0 1375 13,75 | Drilled Shaft Bars

Mew Duplicate Delete

oK Apply Cancel

The first row describes the rebar in the drilled shaft. Mark these bars as Developed at start since it can be assumed
that the actual length of the drilled shaft segment below the point of fixity at elevation 40.0ft provides enough length
for these bars to be fully developed.
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Navigate to the Shear tab of this window and enter the shear reinforcement in the drilled shaft as shown below.

™ Drilled Shaft Reinforcement - Pierl - 3 Column Frame - Column - O *

Flexural Shear

Shear reinforcement type

Ties o Spirals Spirals designed as ties
; Start End
Bar size p[Iitr:Jh Material distance Le{ng}lth distance
(ft) (ft)
B4 3| Grade 60 v 0| 3208 32.08

New Duplicate Delete

QK Apply Cancel

Click OK to apply the data and close the window.

The overlap of spirals at the column-drilled shaft connection is a detailing requirement that can be ignored in this

BrDR description.
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Schematic — Pier Alternative

While selecting the pier alternative 3 Column Frame, click on the Schematic button from the SUBSTRUCTURE

DESIGN ribbon (or right click and select Schematic) to view the schematic of this pier alternative as shown below.

.

o | Bridge Workspace - LRFD Substructure Example 1 ANALYSIS  SUBSTRUCTURE  REPORTS ? - o x
BRIDGEWORKSPACE ~ WORKSPACE ~ TOOLS ~ VIEW  DESIGN/RATE DESIGN REPORTING
EHpE 4 [ iy |
e b B @ s P 1 g J=
Preliminary Generate  Load load  Analyze Specification  Tabular Engine 30
v Model Combinations Palette Substructure  Check | Results Outputs Schematic
Analysis Results
Workspace # X || Schematic £ X | Report % X
Bridge  Components
L Eers “
TT Pier
2 (9 PIER ALTERNATIVES
B- TT 3 Column Frame () (C*
- §T Default Materials | B8 Expand Branch
Geometry P Collapse Branch
wcap
(5 COLUMNS i& Open
- W Columnl 0 copy
B Component ] Duplicate
gﬁe"“"y ® Delete
Reinforcem
0 Reionor] 2 Generate Mode!
& (3 FOUNDATI( 2 3D Schematic
M 12012 F |4 Load Combinations
B W Drilled § [ pnglyze
) Sg“ [E] Specification Check
ein
i = Tabular Results
L £ X
[ Reint (2] Validate
Anall @ 3
£ B Column2 @
B Component—
[ Geametry | i6# General Preferences
[ Reinforcemy 4 Close Bridge Workspace
- [ Reinforcement
() FOUNDATION ALTERNATIVES
12112 Footing (€) ()
E- W Column3
B Components
O Geametry
[ Reinforcement Definitions
[ Reinforcement
= (3 FOUNDATION ALTERNATIVES
- B 12:12 Footing (€) (C)
- gHr Superstructure Loads
+ = Superstructure Environmental Loads
-+ Substructure Loads
v
8 J|
4
Schematic — 0O X
3D Schematic
Pyt e @) @ Q) Linear v
Superstructure-Reference Line
S Station Ahead
o £
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Specification Check

The pier needs to be analyzed first to perform a specification check. The program is configured to perform a
specification check after revising geometry or reinforcement without the need to perform finite element analysis each
time a change is made. This capability allows a quick refinement of the reinforcement and geometry. However, in this
case a significant change has been made to pier by extending the length of Columnl to include a drilled shaft. If the

specification check is performed without redoing the FE analysis, it will result in an error that the existing FE model

does not match the pier structure.

Therefore, in this case, the pier will be analyzed first. Select the 3 Column Frame and click on the Analyze
Substructure button from the Analysis group of the SUBSTRUCTURE DESIGN ribbon as shown below.

-
E Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS ?

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING

= =k

Specification | Tabular Engine 3D
Check Results Qutputs Schematic

Uy ; Ed -
< L7 e o- (]
Preliminary Generate Load Load
A Model Combinations Palette | Substructure

Analysis Results

}‘)
X

Workspace & X Schematic

Bridge Compaonents
= M LRFD Substructure Example 1
- [ Companents
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
- MPFLRFD Multiple Presence Factors
- EE Environmental Conditions
- DF Design Parameters
5 ) SUPERSTRUCTURE DEFINITIONS
- b Simple span structure (right support is rolled)
- b Simple span structure (left support is rolled)
- b 2 Continuous span
= |&) BRIDGE ALTERNATIVES
#- ¢ 2 span bridge (E) (C)
B 4 Continuous span steel bridge
= M Training Alt
-- [£7 SUPERSTRUCTURES
=

Analysis

- Stiffness Analysis
- 2 PiERs
& TT Piert
= () PIER ALTERNATIVES
B TT 3 Column Frame (E) (C)
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Schematic — Pier Alternative

The FE model generated by the program is shown below.
Schematic — 0O =

3D Schematic

E ir &1 | §@) MNon-linear -

411

StatiorjAhead

4 % § 7
0

4 [ | »
5

5

6

[

[

[

6

!
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Specification Check
Select the 3 Column Frame and click on the Specification Check button from the Analysis group of the

SUBSTRUCTURE DESIGN ribbon as shown below.

-
o | Bridge Workspace - LRFD Substructure Example 1 ANALYSIS  SUBSTRUCTURE  REPORTS ? - (]
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
[Ciy = -
B2 5] (& < 5 S
Preliminary Generate  Load load  Analyze Engine D
v Model Combinations Palette Substructure Qutputs Schematic
Analysis Results
Workspace & X Schematic # X | Report £ X

Bridge  Companents
(5 @ LRFD Substructure Example 1
@Compcnenrs
[ Diaphragm Definitions
[ Lateral Bracing Definitions
HPF LRFD Multiple Presence Factors
£C Environmental Canditions

OF Design Parameters
(2 SUPERSTRUCTURE DEFINITIONS

\rrf Simple span structure (right support is rolled)
\rrd Simple span structure (left support s rolled)
brrf 2 Continuous span

() BRIDGE ALTERNATIVES

7 span bridge (E} (C)

&M Continuous span steel bridge

M Training Alt

- £ SUPERSTRUCTURES

Analysis

[T

1o Stiffness Analysis
B &2 PIERS
B+ TT Piert
B 3 PIER ALTERNATIVES
TT 3 Columin Frame (E) (€]

To view the specification check results, click on the Specification Check Detail button from the Results group of the

SUBSTRUCTURE DESIGN ribbon. The specification checks performed in the following locations in Column 1 are

shown below.

r |
E Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS 7 — a X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
. = [T — |
(74 e == P E = [30
Preliminary Generate Load Load Analyze  Specification  Tabular |[Specification| Engine 3D
b Model Combinations Palette Substructure Check Results |{Check Detail | Qutputs Schematic
Analysis Results
- [m] x

M Specification Checks for 3 Column Frame - 10 of 663

Articles

P’ All articles ~

Generate  Format
Bullet list ~

4 |_| Pier Component Specification reference Limit State Flex. Sense Pass/Fail
»_jCap B 5.4.25 Poisson's Ratio N/A General Comp.
» |_jColumn1 B 5.4.2.6 Modulus of Rupture N/FA General Comp.
» |_j Column2 B 5.7.2.2 Rectangular Stress Distribution N/A General Comp.
* |_j Column3 > 5.7.4.2 Limits for Reinforcement N/A Failed
4 |_j Column:Drilled Shaft " 5.7.4.5 Biaxial Flexure N/A Passed
1240:00 fe. ' 5.8.2.1 Torsion N/A Passed
2410.77 ft. +' 5.8.2.5 Minimum Transverse Reinforcement NFA Passed
= LERER +" 5.8.2.7 Maximum Spacing of Transverse Reinforcement N/A Passed

* L1 Column2:12x12 Footing > 5.832.2 Nominal Shear Resistance N/A Failed

* [ Column3:12x12 Footing B 5.8.3.4 Procedures for Determining Shear Resistance N/A General Comp.
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The 0.00 ft location is the base of the column in this example which is the point of fixity for the drilled shaft segment.

The 13.75 ft location is the interface of the column and drilled shaft segment.

The specification check at the point of fixity is shown below.

[ Spec Check Detail for 5.74.5 Biaxial Flecure - o x

5 Concrete Structures
5.7 Materisl Fropertiss
5.7.4 Compression Members
5

5

Zxisl Resistance
. Biazial Flexure

(BASETO LRFD Bridge Design Specifications, Fifth Editicn - 2010, with 2010 interims)
Pier Drilled Shaft Section - At Locatiom = 13.7500 (ft) - Bottom

Cross Ssction Fropsrtiss for circular column

fre

Diameter
Ares

Zxial Pni
Flexural Phi

¥ Rebar 23 X Y Rebar 2s b4 ¥
(in) (in~2) {in} {in) {in*2) (in) {in)

Steel Casing Modeled as Flexural Reinforcement

Rebar As X ¥ Rebar B3 X ¥ Rebar As X ¥
{in~2) {in) (in) (in~2) {in) {in) {in~2) {in) {in)

Limit State Mux Muy Mur Phi Phi * Pn Phi * Mar  Mar/Mur de

rip-fT kip-ft ¥ip-ft 1
STR-T 40.89 .75 8.
STR-T 41.23 .75 8.
STR-I 41.23 .75 8.
STR-T 40.89 .75 8.
STR-I 7.15 .75 8.
STR-I 7.18 .75 8.
STR-T 5.81 .75 8.
STR-I 5.53 5 4
STR-I 5.52 .75 4
STR-I 50.79 5 1
STR-I 64.67 .75 4
STR-I 51.43 s 4
STR-I €5.35 5 1
STR-I 51.43 5 4
STR-T 47.71 5 4
STR-I 59.21 5 1
STR-I 47.45 s 4
STR-T 58.93 5 4
STR-I 47.45 75 4
STR-I 7.15 s 8.
STR-T 41.06 75 4
STR-I 7.15 .75 4
STR-I 40.89 .75 4
STR-T 7.15 .75 4
STR-I 7.18 0.75 4
STR-I 5.81 .75 4
STR-I . 5 5.81 .75 1
STR-I 16.49 -85. . §5.35 .75 8.

54 8
211 23 load cases evaluated passsd (Capacity ratic >= L.

oK
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