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Pier Drilled Shaft Example

BrDR Substructure Training

Pier Drilled Shaft Example

This example modifies one of the spread footings in the BID20 example to be a drilled shaft foundation. BrDR
substructure has the ability to perform a soil-structure interaction analysis. An example describing the analysis can
be found 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. The user can enter a point of fixity found from an
outside source, such as LPile or COM624, as the base of the drilled shaft in BrDR. BrDR can then perform a finite
element analysis and spec check of the pier considering that point of fixity.

Double click on BID20 LRFD Substructure Example 1 from the Bridge Explorer (or click and select Open) to
open the bridge as shown below.

r a
Br | AASHTOWare Bridge Design and Rating ? — a *

BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS WIEW

9| = Import L Ly Ly
|| et [T »
New | Open © Batch v | pig Copy Copy
Tow

Eridge Manage

“1y Favorites Folder BID Bridge ID Bridge Na
[ Recent Bridges Training Bridge 1(LRFD) 4
- @@ All Bridges . -

ﬁ Templates Tra!n?ng Brl_dge 2(LRFD)
@ Deleted Bridges Training Bridge 3(LRFD)
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Pier Drilled Shaft Example

Expand the Bridge Workspace tree as shown below.
Workspace — 0O X

Bridge Components
El-- M LRFD Substructure Example 1
B [ Companents
- [ Diaphragm Definitions
[ Lateral Bracing Definiticns
WFF LRFD Multiple Presence Factors
EC Environmental Conditions

- DF Design Parameters
£l ) SUPERSTRUCTURE DEFINITIONS
- fprf Simple span structure (right support is rolled)
i pf Simmple span structure (left support is rolled)
- Yprf 2 Continuous span
Bl &) BRIDGE ALTERNATIVES
- My 2 span bridge (E) (C)
= Continuous span steel bridge

- [ SUPERSTRUCTURES
- ff Stiffness Analysis
= &3 PIERS

=TT Pier 2

B |} PIER ALTERNATIVES
& TT 3-column pier {E) (C)
- &I Default Materials

' ﬁGeometr}r
- W Cap

B coLumns
- qie Superstructure Loads
. * Superstructure Environmental Loads

1 Substructure Loads

3D Schematic - Pier

Select 3-column pier and click on the 3D Schematic button on the SUBSTRUCTURE DESIGN ribbon (or right
click and select 3D Schematic) as shown below.

E Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS ? — a X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
] , [E] [ - 5

& B2 o @ = E =5 g
Preliminary Generate  Load load  Analyze Specification | Tabular Engine

A4 Model Combinations Palette Substructure Check Results Outputs

Analysis Results

Workspace : % X Report & %

@ Expand Branch
Bridge  Components Collapse Branch

B M LRFD Substructure Example 1

 Components Open
[ Diaphragm Definitions Copy
[ Lateral Bracing Definitions Duplicate
HPF LRFD Multiple Presence Factors Delete

£¢ Environmental Canditions
CF Design Parameters
i B3 SUPERSTRUCTURE DEFINITIONS
Yrrf Simple span structure (right supp
brf Simple span structure (left support
4t 2 Continuous span
- [ BRIDGE ALTERNATIVES
02 span bridge (£) (O
= Continuous span steel bridge
[ SUPERSTRUCTURES
4 Stiffness Analysis
= [ PIERS
& TTPier2
& (3 PIER ALTERNATIVES
- TT 3-column pier (€) (C)
1 Default Materials
T Geametry
wCap
[ COLUMNS
4 Superstructure Loads
= Superstructure Environmental Loads
H Substructure Loads

Generate Model

3D Schematic

Load Combinations
Analyze
Specification Check
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Validate
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General Preferences

B e Anle ol |0
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Pier Drilled Shaft Example

The 3D schematic of the pier is shown below. The 3-column pier example is a multi-frame pier on spread footings.
Schematic
3D Schematic
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Station Ahead

This tutorial discusses modeling the foundation for Column 1 as a drilled shaft instead of a spread footing.

Column Properties

the Column Properties window as shown below.

Workspace

Expand the COLUMNS folder under the pier alternative - 3-column pier and double click on Column 1 to open

-0 x
Bridge

Companents

drf 2 Continuous span

) BRIDGE ALTERNATIVES
-- 2 span bridge (£ ()
= ¢ Continuous span steel bridge
[ SUPERSTRUCTURES

1t Stiffness Analysis

& PiERS

B TT Pier2

B 3 PIER ALTERNATIVES
TT 3-column pier (8) (C)
- 81 Default Materials

ins Geometry
B WP Cap

b Companents
T Geometry

[ Reinforcement

[ FOUNDATION ALTERNATIVES
W Column2

- W Column3

- ode Superstructure Loads

- 3 Superstructure Environmental Loads
1+ Substructure Loads

Last Modified: 2/22/2024



Pier Drilled Shaft Example

Uncheck the checkboxes for the Existing and Current foundations as shown below.

% Column Properties -Pier 2 - 3-column pier - m] x

Name: Columni

Description Additional loads

Existing Current Foundation alternative name  Description

> Foundation Alt 1

Exposure factor: 1

oK Apply Cancel

Click OK to apply the changes and close the window.

Column Components
Double click on the Components node in the Bridge Workspace tree to open the Column Components window

and increase the number of segments to 2 as shown below.

M Column Components - Pier 2 - 3-column pier - Column - m] X
Number of cross-section segments for column: 2 [
Segment Material Segment vary Cross-section type
Segment 1
b3 1 Class A(US) ~ | None ~ Round v
Segment 2
2 Class A (US) ~ | None ~ Round v
0K Apply Cancel

Click OK to apply the changes and close the window.
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Pier Drilled Shaft Example

Column Geometry

Double click on the Geometry node in the Bridge Workspace tree to open the Column Geometry window and
enter the bottom elevation of Segment 2 as 40.00. For Segment 2 enter the D1 = 4.0 as shown below.

M Column Geometry - Colurnnl - O X

Pier Transverse Axis
Column Transverse Axis

e —

-

Pier Longitudinal Axis !
Column Longitudinal Axis . {_ e

1

1

D1

-

T STA. AHEAD Plan View

Dimension
Segment I ) Elevation [#)
Segment = Cross-section type Location )
D1 D2 D3 D4 D5 D6

1 MNene Round Top 7133 3
Bottom 53.75 3

K 2 MNone Round Top 53.75 4
Bottom 40 4

oK Apply Cancel

Click OK to apply the data and close the window.

Last Modified: 2/22/2024 7



Pier Drilled Shaft Example

Column Reinforcement - Generate Pattern Wizard

Create a reinforcement definition for the drilled shaft segment using the Pattern Wizard as shown below. Be sure
to select the column segment 2 as shown so the reinforcement bar coordinates will be generated correctly for the 4’
wide drilled shaft segment.

From the Bridge Workspace tree, double click on the Reinforcement Definitions folder to open the Column

Reinforcement window and add a new reinforcement. The following window appears.

% Column Reinforcerment - - Pier 2 - 3-column pier - O *
Narme:
Bundle bars
Y
i Bar E_ar Material .)C .Y
| size (in) (in)
i
i
! +¥

T
I TSta Ahead
L

Generate pattern New Duplicate Delete

Click on Generate pattern to open the Generate Pattern Wizard. Enter data as shown below.

& Generate Pattern Wizard X
Pattern name: Drilled Shaft Bars Bundle type Bar size: 10

Column segment: 2 e o Single Material: Epoxied Grade 60 R

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

2 Perpendicular

3 Bar

Number of bars: 12

Top / bottom:
Overall trans. width:

Overall long. width:

Cancel

Click OK to apply the data and close the window.
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Pier Drilled Shaft Example

The reinforcement data generated using the result will show up in the Column Reinforcement window as shown

below. Make sure to uncheck Bundle bars checkbox for this example.

% Column Reinforcement - - Pier 2 - 3-column pier — O *

Mame: Drilled Shaft Bars

Bundle bars

?+Y Bar Ftar Material ){ Y

T B . size fin) {in)
i E i 1|10 ~ | Epoxied Grade 60 -~ 20.865 0
—-J;- ---------- |l —————————— J;-—+—>$ 2 |10 ~ | Epoxied Grade 60 -~ 18.06962 -10.4325
i i i 3 |10 | Epoxied Grade 60 - 104325 -18.06962
ftmmo ‘I' _______ ! 4 110 ~ | Epoxied Grade 60 -~ 0 -20.865
T TSia Ahieal:l 5 |10 | Epoxied Grade 60 - -10.4325 -18.06962
L L 6 | 10 ~ | Epoxied Grade 60 -~ -18.06962 -10.4325
7 |10 ~ | Epoxied Grade 60 -~ -20.865 0
8 |10 ~ | Epoxied Grade 60 -~ -18.06962 104325
9 |10 ~ | Epoxied Grade 60 - -10.4325 18.06962
»| 10|10 ~ | Epoxied Grade 60 -~ 0 20,865
11 | 10 ~ | Epoxied Grade 60 - 104325 18.06962
12 | 10 ~ | Epoxied Grade 60 - 18.06962 10.4325

Generate pattern New Duplicate Delete

oK Apply Cancel

Click OK to apply the data and close the window.
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Pier Drilled Shaft Example

Column Reinforcement

Double click on the Reinforcement node in the Bridge Workspace tree to open the Column Reinforcement
window. Assign the column reinforcement as shown below.

Flexural Shear

Start
Set  distance

(ft)

1 0
2 9.75
| 3 13.75

Straight
length
(f)

13.75
10

17.58

End
distance
(ft)

13.75
19.75

31.33

™ Column Reinforcement - Column - Pier 2 - 3-column pier

Pattern

Drilled Shaft Bars
& #10 bars A

8210 bars g

Hook at
start

Hook at
end

Developed
at start

Developed | Follows

at end profile
New Duplicate
0K Apply

Delete

Cancel

The first row describes the rebar in the drilled shaft segment. Mark these bars as Developed at start which assumes

that the actual length of the drilled shaft segment below the point of fixity at elevation 40.0 ft provides enough
length for these bars to be fully developed.

The second row describes the lap bars extending from the column into the drilled shaft.

The third row describes the column reinforcement. Mark these bars as Developed at end since it can be assumed
that the bars extend far enough into the cap to be developed.

Last Modified: 2/22/2024

10




Pier Drilled Shaft Example

Navigate to the Shear tab of this window and enter the shear reinforcement as shown below.The overlap of spirals

at the column-drilled shaft connection is a detailing requirement that can be ignored in this example.

D Column Reinforcement - Column1 - Pier 2 - 3-column pier - O X

Flexural Shear

Shear reinforcement type

Ties o Spirals Spirals designed as ties
Start End
Bar size Pitch Material distance tength distance
(in)
(ft)
po4 3 | Grade 60 w 0 3208 32.08

New Duplicate Delete

oK Apply Cancel

Click OK to apply the data and close the window.

3D Schematic - Pier
Select 3-column pier and click on the 3D Schematic button on the SUBSTRUCTURE DESIGN ribbon (or right

click and select 3D Schematic) to open the pier schematic.

Schematic — 0O X

3D Schematic

e e @ D)) e .

Superstructure Reference Line

-, Station Ahead
e ) T~ -
“~ Wl ~. ~ -
SRR
" TN el
"~ ~ ’_s-;'-_;_:'-F"

A specification check will now be performed on the pier.
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Pier Drilled Shaft Example

Specification Checks - Pier

With 3-column pier selected in the Bridge Workspace tree, click on the Specification Check button from the
Analysis group of the SUBSTRUCTURE DESIGN ribbon.

E Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS ? - o X
BRIDGE WORKSPACE 'WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
—
g w J»

Specificatian | Tabular Engine ]
Results Ouiputs Schematic

EE 2 = = P

@ L4 Els o

Preliminary Generate  Load load  Analyze
v Model  Combinations Palette Subsiructure

Analysis Results
Workspace # X | Schematic % X | Report » X
Bridge  Components
Z M Continuous span steel bridge -
[ SUPERSTRUCTURES
1o Stiffness Analysis
B & PIERS
E- TT Pier 2
2 (5 PIER ALTERNATIVES
B TT 3-column pier (£) (©)
- 5T Default Materials
TT Geometry
o WP Cap
=+ [ COLUMNS
B Columni
B Components Analysis » X
- T1 Geometry
T 3 Reinforcement Definitions
8#10 bars
Drilled Shaft Bars
B Reinforcement
[E7 FOUNDATION ALTERNATIVES
B Column2
- W Column3
2 Superstructure Loads
=P Superstructure Enviranmental Loads
- Substructure Loads
v

The Bridge Validation window appears as shown below. Click on the Continue spec check button to perform the

specification checks.

M Bridge Validation X

Total Number of Messages: 16
Number of Information Messages: 14
Number of Warning Messages: 2
Number of Error Messages: o

Pier Alternative: 3-column pier
3-column pier (Frame Pier Alternative)
Columni (Column)
‘Warning: Existing foundation alternative not defined for foundation.
‘Warning: Current foundation alternative not defined for foundation.
Foundation Alt 1 (Foundation Alternative)
No errors or warnings.
Columnz (Column)
Existing foundation alternative: Copy of Foundation Alt1
Current foundation alternative: Copy of Foundation Alt 1
Copy of Foundation Alt 1 (Foundation Alternative)
No errors or warnings.
Columns (Column)
Existing foundation alternative: Copy of Foundation Alt 1
Current foundation alternative: Copy of Foundation Alt 1
Copy of Foundation Alt 1 (Foundation Alternative)
No errors or warnings.

[ Continue spec check Cancel spec check
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Pier Drilled Shaft Example

The Substructure analysis progress window opens showing the analysis log. Once the analysis the complete, click

the OK button to close this window.

M Substructure analysis progress X

- Location - 13.3219 (1t) a
- Location - 13.7500 (ft)
- Location - 15.2852 (ft)
- Location - 18.2148 (ft)
- Location - 31.3300 (ft)
- Component 3 of 6 - Columnz
- Location - o.0000 (ft)
- Location - 17.5800 (ft)
- Component 4 of 6 - Columnz
- Location - o.0000 (ft)
- Location - 17.5800 (ft)
- Component 5 of 6 - Columna:Copy of Foundation Alt 1
- Location - Spread Footing
- Location - Footing Longitudinal Moment Section
- Location - Footing Transverse Moment Section
- Location - Foeting Longitudinal Shear Section
- Location - Footing Transverse Shear Section
- Location - Column Punching Shear Section
- Component 6 of 6 - Column3:Copy of Foundation Alt 1
- Location - Spread Footing
- Location - Foeting Longitudinal Moment Section
- Location - Footing Transverse Moment Section
- Location - Footing Longitudinal Shear Section
- Location - Footing Transverse Shear Section
- Location - Column Punching Shear Section
Completed Specification Check.
Writing Specification Check results.
Completed.

Substructure specification check suceessfully completed!
Analysis completed!

v
4 »

Specification check results can be reviewed by clicking the Specification Check Detail button from the Results group
of the SUBSTRUCTURE DESIGN ribbon. The window shown below will open.

ﬂ EBridge Workspace - LRFD Substructure Example 1 AMNALYSIS SUBSTRUCTURE REPORTS ? - a #
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING

e B @ e P E o Jo

Preliminary Generate Load Load Analyze  Specification | Tabular| Specification | Engine g
A Model Combinations Palette Substructure Check Results | Check Detail [Outputs Schematic

Analysis Results

s
x

Workspace = X Schematic X Report

Bridge Components
é- M Continuous span steel bridge
[ SUPERSTRUCTURES
I Stiffness Analysis
= & PIERS
& TT Pier 2
= [ PIER ALTERNATIVES
B TT 3-column pier (8) (C}
- BT Default Materials
vl Geometry
- W Cap
- & COLUMNS
B M Columnl
B Components Analysis
O Geometry
&5 Reinforcement Definitions
b 8#10bars
Drilled Shaft Bars
Reinforcement
+ &) FOUNDATION ALTERNATIVES
B M Foundation Alt 1(E) (C)
G- W Calumn2
- W Calumn3
- e Superstructure Loads
- S Superstructure Environmental Loads
-+ 4 Substructure Loads

L
X
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Pier Drilled Shaft Example

Specification checks are performed at the following locations in Column 1.

M Specification Checks for 3-column pier - 11 of 651 - O *
Articles
p ’j All articles ~
A
Properties Generate Format
Bullet list V
Specification filter Report
4 |_| Pier Component Specification reference Limit State Flex. Sense Pass/Fail
» |_jCap +/ 5.10.8 Shrinkage and Temperature Reinforcement MN/A Passed
4 || Columnl B 5.4.2.5 Poisson's Ratio N/A General Comp.
(4000 f. B 54.2.6 Modulus of Rupture MN/A General Comp.
1929 . B 5.7.2.2 Rectangular Stress Distribution MN/A General Comp.
1332 +/ 5.7.4.2 Limits for Reinforcement MN/A Passed
L1375 f ' 5745 Biaxial Flexure N/A Passed
L1529 +/ 5.82.1 Torsion N/A Passed
1821t . .
+/ 5.8.2.5 Minimum Transverse Reinforcement N/A Passed
3133 ft.
= +/ 5.8.2.7 Maximum Spacing of Transverse Reinforcement N/A Passed
» || Column2 . .
+/ 5.8.3.3 Nominal Shear Resistance N/A Passed
» |_|Column3 . .
B 5.8.3.4 Procedures for Determining Shear Resistance MN/A General Comp.

» |_| Columnl:Foeundation Alt 1
» |_| Column2:Copy of Foundation Alt 1
» |_| Column3:Copy of Foundation Alt 1

The focus is primarily on the following points:
1. The 0.00 ft location is the base of the column in BrDR which is the point of fixity for the drilled shaft segment.
2. The 13.75 ft location is the interface of the column and drilled shaft segment.

The remaining points are the locations where the reinforcement achieves full development.

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

[0 Spec Check Detail for 5.7.4.5 Biaxial Flexure - O X
5 Concrete Structures H
5.7 Material Froperties
5.7.4 Compression Members
5.7.4.4 Lxial Resistance
5.7.4.5 Biaxial Flexure
(RASHTO LRFD Bridge Design Specifications, Fifth Edition - 2010, with 2010 interims)

Pier Column Section - At Location = 0.0000 (ft) - Top
Cross Section Properties for circular celumn
f'e = £.00(ks1)
Diameter = 48.00(in)
Area = 1523.63{in"2)
Bxial Fni = 0.75
Flexural Fhi = 0.30
Flexural Reinforcement
Rebar as b3 ¥ Rebar L= X ¥ Rebar Zs b3 ¥
(in~2} (in) {in) (in~2) (in) (in) (in~2) {in) (in)

1 1.27 20.8 0.00 H 1.27 18,07  -10.43 3 1.27 10.43  -18.07

4 1.27 0.00  -20.87 5 1.27 -10.43  -18.07 6 1.27 -18.07  -10.43

7 1.27 -20.87 0.00 8 1.27 -12.07 10.43 ] 1.27 -10.43 18.07

10 1.27 0.00 20.87 11 1.27 10.43 18.07 12 1.27 18.07 10.43
Steel Casing Modeled as Flewural Reinforcement
Rebar as X ¥ Bebar 2s X ¥ Bebar 2s % ¥

(in~2) (in) {in} (in"2) (in) {in} (in"2) {in) (in}
Inalysis of the full cross ssction (Do=3 NOT MEST MIinimum reinfOrcement requirements of Article 5.7.4.2 Limits for Reinforcement).
Limit State Load Pu Hux Muy Mur Alpha Phi Phi * Pn Phi * Mur  Mar/Mur de dv b
Combination kip kip-ft kip-fr kip-fr Deg kip in in

STR-I 166 1154.97 -435.60 548.34 738.12 132.11  0.82 1154.3% 3.24 37.42 34.56
STR-I 166 1154.97 -495.60 548.34 739.12 132.11  0.82 1154.99 3.24 37.42 34.56
STR-I 166 1154.97 -£95.60 548.34 739.12 132.11  0.82 1154.99 3.24 37.42 34.56
STR-I 166 1154.97 -495.60 548.34 739.12 132,11 0.82 1154.93 3.24 37.42 34.56
STR-I 385 289,50 -297.33 -144.95 330.77 205.99  0.90 889.46 7.09 37.18 34.56
STR-I 129 1045.22 -297.33 -144.99 330.79 206.00  0.90 1045.16 7.47 37.18 34.56
STR-I 390 716.63 -297.33 568.82 §41.84 117.60  0.90 716.58 3.40 37.12 34.56
STR-I 132 -297.33 599.13 662.85 116.39  0.90 872.38 3.48 37.16 34.56
STR-T a17 -297.33 -99.95 313.67 19R.58 n.8n 3R1.30 5.1 37.41 34._56 v

0K
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