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BrDR Substructure Training

Pier 1 - Solid Shaft Pier Example

This example describes the entry and analysis of a reinforced concrete solid shaft pier in BrDR Substructure. In this

example, a two span continuous steel superstructure is supported by a solid shaft pier.

Topics Covered

e BrDR substructure capabilities

e Locating substructure units

e  Two span continuous steel superstructure

¢ Reinforced concrete, solid shaft pier on a pile footing
e  Pier skew — 0 degrees

e  Specification checking of reinforcement

This example uses many default settings and loadings in BrDR Substructure instead of overriding these values with
user defined input. For example, the Environmental Conditions window contains default wind and temperature
settings from the AASHTO specifications. Users have the ability to override these values, but this example uses the
default values and thus that window is not shown in this example. Another feature users have in the program is to
override the computed loads on the pier with user defined loads. This example uses the computed loads and does not
override any of them.

Note: It is assumed that users are familiar with the BrDR Superstructure module and as such this example does not

go into detail describing BrDR Superstructure windows or bridge workspace navigation.

Last Modified: 2/22/2024 5



Pier 1 - Solid Shaft Pier Example

BrDR Substructure Capabilities

The BrDR Substructure module currently has the capability to describe the pier gross geometry, compute loads
acting on the pier, perform a finite element analysis of the pier, compute the load combination results, and perform
specification checks for the reinforcement. Four types of reinforced concrete pier alternatives can be described -

solid shaft (hammerhead) piers, frame piers, wall piers and pile bent piers.

L BN A

[ | [ | [ ]
Salid Shaft Pier Frame Pier ' all Pier Pile Bent Pier

A three-dimensional schematic is available showing a to-scale drawing of the pier alternative. BrDR can compute
the loads acting on the pier and allows the user to override forces if needed. Superstructure dead load and live load
reactions are computed based on the superstructure definition assigned to the superstructure supported by the pier.
BrDR generates a three-dimensional finite element model of the pier based on the input modeling parameters. A
finite element analysis of the pier is performed, and load combination results are generated based on the limit states
included. The analysis results can be viewed in a text output and also be viewed on the three-dimensional schematic
of the pier. Detailed specification check results can be viewed, and summary reports of the specification results can
be generated.

Locating substructure units

In BrDR, substructures are defined relative to bridge alternatives and the superstructures in a bridge alternative.

Through this arrangement, loads from the superstructure can be carried down to the substructures.

This example has the following bridge layout.
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This bridge alternative and pier will be described in BrDR Substructure by adding a bridge alternative to the bridge
with BID 23 from the sample database.

Double click on BID23 LRFD Substructure Example 4 from the Bridge Explorer (or click and select Open) to
open the bridge as shown below.

E AASHTCWare Bridge Design and Rating ? - ] X

ERIDGE EXPLORER BRIDGE FOLDER RATE TOOLS WVIEW

d & Import @é _—‘_ 4‘* ‘ﬁ

New | Open © Batch Find Copy Copy Delete
Tov

Eridge Manage

-~ Favorites Folder BID Bridge ID Bridge Name District
[ Recent Bridges 17 FLine FS TrainingBridge2 FloorLine FS Training Bridge 2 Unknown | &

f ’g Bridges 18 | Fline GF TrainingBridge3 FloorLine GF Training Bridge 3 Unknown | |
- ¥ Templates

@ Deleted Bridges

19 TrussTrainingExample Truss Training Example
20 LRFD Substructure Example 1 | LRFD Substructure Example 1
21 LRFD Substructure Example 2 | LRFD Substructure Example 2
22 | LRFD Substructure Example 3 LRFD Substructure Example 3
» 23 LRFD Substructure Example 4 LRFD Substructure Example 4 (NHI Hammer Head)

24 Visual Reference 1 Visual Reference 1 Unknown ||
25 Culvert Example 1 Culvert Example 1
26 Curved Guide Spec Curved Guide Spec Example(LFR) =
4 »
Total Bridge Count: 34

Expand the Bridge Workspace as shown below. This bridge already contains a superstructure definition and a
bridge alternative. This superstructure definition will be reused in this tutorial and a new bridge alternative, and a

new pier will be created.
Workspace - 0 X

Bridge Components

= M LRFD Substructure Example 4

- B2 Compaonents

- [ Diaphragm Definitions

- [ Lateral Bracing Definitions

-+ MFFLRFD Multiple Presence Factors
- EC Environmental Conditions

- DF Design Parameters

- |} SUPERSTRUCTURE DEFINITIONS
- b Superstructure 1

- &) BRIDGE ALTERNATIVES
B @ FHWA Alt 1 (E) 1C)

- [ SUPERSTRUCTURES

= f Stiffness Analysis

- [ PIERS
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Bridge Alternative

Navigate to the BRIDGE ALTERNATIVES section and create a new bridge alternative by double clicking on
BRIDGE ALTERNATIVES (or click and select NEW or right click and select NEW) as shown below.

o | Bridge Workspace - LRFD Substructure Example 4 ANALYSIS REPORTS ? - o X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

E Close =
(=]
& oeon -
& Refresh
Bridge Manage
Workspace # X | Schematic % X | Report & X

Bridge  Components

E- ¢y LRFD Substructure Example 4

2 Components

[ Diaphragm Definitions

- [ Lateral Bracing Definitions

- HFFLRFD Multiple Presence Factors
- EG Envirenmental Conditions

- OF Design Parameters
(&3 SUPERSTRUCTURE DEFINITIONS
- 4of Superstructure 1
= & BRIDGE ALTERNATIVE, Analysis & X

B £ FHWA Alt 1(E) (C %g Expand Branch

@SUPERSTRUU Q Collapse Branch

- bt Stiffness Anal

& PIERS | MNew
[~ Analyze
@ Summary Report
IQJ View Detailed Report
s:;é General Preferences
E3 Close Bridge Workspace

Enter data in this window as shown below, click Apply to create the bridge alternative and click the Superstructure
wizard... button. The data on this tab orients the bridge alternative reference line. In this example the substructure
units will be located with respect to this bridge alternative reference line. The bridge alternative is 240 feet long and
the starting station is 0+00.

M Bridge Alternative m] *
Alternative name:  Training Alt

Description Substructures
Description:

Horizontal curvature Global positioning
Reference line length: 240 ft Distance: ft
o Start bearing End bearing Offset: ft
Starting station: 0 ft Elevation: ft
Bearing: N 90~ 0' 0.00" E

Bridge alignment
wizard...
CK Apply Cancel
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Click the Generate names buttons to have the wizard generate superstructure name.

™ Superstructure Wizard X

This wizard allows you to create Superstructures, Superstructure Alternatives and assign Superstructure
Definitions to the new alternatives. The wizard will also create Piers if you are running BrD Substructure.
Piers can only be created if the Bridge Alternative does not contain a horizontal curve.

MNumber of superstructures 10
Prefix to use when generating names

Superstructure prefix: Superstructure % Generate names

Superstructure alternative prefic:  Superstructure Alt % Generate names

Superstructure | Distance | Superstructure alternative Superstructure
name (ft) name definition
» | Superstructure 1 Superstructure Alt 1 Superstructure 1

Substructure units

First unit type: Abutment e

Last unit type: Abutment v

OK Cancel

Click OK to apply the data and close the window. Click OK on the Bridge Alternative window to apply the data and
close the window.

The Bridge Workspace tree is now updated with the newly added bridge alternative, its superstructure definition and
superstructure alternative as shown below.

Workspace — 0O X

Eridge Components

E‘-- M LRFD Substructure Example 4
- [ Components
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
- MWFFLRFD Multiple Presence Factors
- EC Enviraonmental Conditions
- DF Design Parameters
- |3 SUPERSTRUCTURE DEFINITIONS
- Yrrf Superstructure 1
- &) BRIDGE ALTERNATIVES
B Dy FHWA Al 1 (E)} (C)
= M Training Alt
- |E3 SUPERSTRUCTURES
-+ T2 Superstructure 1
=8 \£3 SUPERSTRUCTURE ALTERNATIVES
. Superstructure Alt 1 (E) (C) (Superstructure 1)
=P Stiffness Analysis
- &) PIERS
= TT Pier 1
----- [£7 PIER ALTERNATIVES
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Pier

Double click on Pier 1 node in the Bridge Workspace tree and enter the following data.

D Pier - [m| X
Pier name:
Description Stream flow
Pier skew angle
O Input skew angle Skew angle: 0 Degrees Description:
Input bearing angle
Finished groundline elevation: 5.5 ft
Soil density: 012 kecf
Superstructure longitudinal direction
Pier location relative to bridge alternative
Station: Offset:
Computed pier location relative to structure Computed pier coordinates
Station: X
Offset: \E
Existing | Current | Pier alternative name = Description
QK Apply Cancel

The pier is not subject to stream flow, so no data is required in the Stream flow tab of this window. Click OK to
apply the data and close the window.

Pier Alternative

Double click on PIER ALTERNATIVE in the Bridge Workspace tree. The following New Pier Alternative
window opens. Select Solid Shaft Pier and click Next.

M New Pier Alternative X

L ]

[ ]
Solid Shaft Pier

Frame Pier 'l Pier Pile Bent Pier

: E:_-: : Cance'
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Enter a name for the pier alternative and click the Finish button to close the wizard to create the new pier

alternative.

M Mew Pier Alterative x

Type:

Name: Hammerhead

Description:

Units:  US Customary W

< Back | Finish I Cancel

The Pier Alternative window opens as shown below.

M Pier Alternative - Hammerhead - O X

Name: Hammerhead Type: RC SolidShaft Pier
Description Stiffness Reports

Description: Units: US Customary ~

LRFD substructure design settings
Preliminary mode
Default design settings:
Override default

Design settings:

Final mode
Default design settings:
Override default

Design settings:

Advanced DLA...

QK Apply Cancel

Click OK to create the new pier alternative and close the window.
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The Bridge Workspace tree with the newly added Pier Alternative is shown below.

[

Workspace — 0O X

Bridge Components

= ¢ LRFD Substructure Example 4
B [ Components
. Diaphragm Definitions
B Lateral Bracing Definitions
MFF LEFD Multiple Presence Factors
EC Enwironmental Conditions
- BF Design Parameters
- & SUPERSTRUCTURE DEFINITIONS
- b Superstructure 1
= &) BRIDGE ALTERNATIVES
+- @@ FHWA Alt 1 (E) (Q)
= D Training Alt
&5 SUPERSTRUCTURES
SR Superstructure 1
& SUPERSTRUCTURE ALTERNATIVES
o Superstructure Alt 1 (E) (C) (Superstructure 1)
- Y Stiffness Analysis
&) PIERS
=TT Pier 1
=8 &) PIER ALTERNATIVES
= TT Hammerhead (E) (C)
- LT Default Materials
- ﬁﬁeometrj,r
- WP Cap
# B Columni
- o Superstructure Loads
- Superstructure Environmental Loads
""" 1 Substructure Loads
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Pier Geometry

Double click on the Geometry node in the Bridge Workspace tree to define the geometry of the pier.

This window allows the user to define some basic pier geometry. Note that the figure in this window is not drawn to
scale. The location of the pier beneath the superstructure is set in this window by entering the distance from the
superstructure reference line to the left end of the cap or wall. This is an important input since a bad value could result
in girders not being supported by the pier. Enter the following data and click the OK button to apply the data and close

the window.

™ Pier Geometry - Pier 1 - Hammerhead - O *

| Superstructure

i Reference Line

Distance from leftend of capte |

superstructure reference line

P Elevation View

Distance from left end of cap to

) 23.25 ft
superstructure reference line: -
Distance from left end of cap to 395 #
centerline of column: .
Distance from centerline of -
23.25 ft

column to right end of cap:

.....................

OK Apply Cancel
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Cap Properties - Description

Double click on Cap node in the Bridge Workspace tree to open the Cap Properties window for this pier
alternative and enter the following data.

The loads from the superstructure will be applied at the bearing seat elevation specified in this tab.

The Additional loads tab allows to define additional, user defined loads on the cap. This example does not contain
any additional loads on the cap.

M Cap Properties - Pier 1 - Hammerhead - O X
Description Additional loads
Cap type: Cap top configuration: Cap material: Class A (US) w
Pedestals Exposure factor: 1
CL bearing Angle between CL Bearing seat  Pedestal = Pedestal
Member station member and CL support elevation width length
(ft) (Degrees) {ft) (ft) {ft)
» G1 120 90 30.5 2 2.5
G2 120 90 30.5 2 2.3
G3 120 90 30.5 2 2.3
G4 120 90 305 2 2.3
G5 120 90 305 2 2.3
OK Apply Cancel

Click OK to apply the changes and close the window.
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Cap Components

Double click on the Components node under Cap in the Bridge Workspace tree to open the Cap Components

window. Select the Sloped Cantilever for both the left and right cantilevers.

% Cap Components - Pier 1 - Hammerhead — m} X
Cap type o Beam
Cap left cantilever Cap right cantilever
Straight Cantilever Sloped Cantilever
0K Apply Cancel
M Cap Components - Pier 1 - Hammerhead - m} X
Cap type o Beam
Cap left cantilever Cap right cantilever
Straight Cantilever Sloped Cantilever
OK Apply Cancel

Click OK to apply the changes and close the window.
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Cap Geometry
Double click on the Geometry node under Cap in the Bridge Workspace tree to open the Cap Geometry window

and enter the following cap geometry data.

™ Cap Geometry - Pier 1 - Hammerhead - O bt
| Superstructure
i Reference Line
I
Ahead Span i
I
e Icapwun-.
i
i Back Span Plan View
—= L 1
STA.AHEAD
Ca th
Left Elevati I pleny i Right Elevation
] D1
Dz D2
" D3 D3
t Elevation View
o
Cap width: 5 ft e
Can | o N Location Cantilever = Elevation [#t)
ap length:  46.5 t type (ft)
1 D2 D3
> m Sloped 29.5 5 6 15.5
Right Sloped 29.5 5 6 155
0K [ Apply | Cancel

Click OK to apply the data and close the window.
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Cap Reinforcement
From the Bridge Workspace tree, double click on the Reinforcement node under Column to open the Cap

Reinforcement window and enter the following data in each tab as shown below.

D Cap Reinforcement - Pier 1 - Hammerhead - O
Flexural Shear
Longitudinal skin
Bar size; £ ~ Bar spacing: 8 in  Bar material: Grade 680 w Stirrup clear cover: 2.5 in
Primary flexural
Reinforcement input method
o Simplified Advanced Reinforcement follows cap profile
Vertical Start Straight End
Set ::I:r:s:: distance | Barsize Number Material distance = length | distance H:;l:lat Ho::;at DZ\;aS\tc;;:‘ed De:(e\;:ed
) fin) i) ) (7
> 1| Top v 38 1 v 10|Grade 60 05| 455 46
2 | Top v B24[11 v 10|Grade 60 - 05| 455 46
3 | Bottom s 36258 5 | Grade 60 ~ 05 435 46
New Duplicate Delete
oK Apply Cancel
% Cap Reinforcement - Pier 1 - Hammerhead - O
Flexural Shear
Start . End
Bar size AT e Material Measure from Direction distance LTl Spa.clng Leoat distance
of legs of spaces (in) {ft) )
5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right W 0.375 1 0 0 0375
35 0w 4 | Grade 60 ~ | Left Edge of Cap ~ | Right 4 0.375 61 9 4575 46125
Cup & Mirrer New Duplicate Delete
OK Apply Cancel
Click OK to apply the data and close the window.
Last Modified: 2/22/2024 17
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Column Properties
Double click on the Column node in the Bridge Workspace tree to open the Column Properties window. Enter

the Exposure factor as shown below.

£ Column Properties -Pier 1 - Hammerhead - m] X

Name: Columnl

Description Additional loads

Existing  Current = Foundation alternative name | Description

Exposure factor: 1

oK Apply Cancel

Click OK to apply this data and close the window.

Column Components
Double click on the Components node under Column in the Bridge Workspace tree to open the Column
Components window. This window allows to specify the cross-section segments in the column. Segment cross-

sections can vary linearly over their height. In this example, the cross-section is constant over its height.

M Column Components - Pier 1 - Hammerhead - Column1 - u] X

Number of cross-section segments for column: 1

Segment Material Segment vary Cross-section type
Segment 1

1 Class A (US) ~ | None ~ Round -

Segment 2

oK Apply Cancel

Last Modified: 2/22/2024 18
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BrDR sets the default column cross section type as circular (Round) when a column is created. This example uses a

rectangular column cross section. Change the cross section to Rectangular as shown and click OK.

M Column Components - Pier 1 - Harmmerhead - Column - O *
Mumber of cross-section segments for column: 1
Segment Material Segment vary Cross-section type
Segment 1
3 1 Class A (US) - | None w Rectanguiar w
Segment 2
OK Apply Cancel

Click OK to apply the data and close the window.
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Column Geometry
Double click on the Geometry node under Column in the Bridge Workspace tree to open the Column Geometry

window and enter the following column geometry data.

™ Column Geometry - Columnl - O X

Pier Transverse Axis
Column Transverse Axis

—_—
1
Pier Longitudinal Axis I
Column Longitudinal Axis |
i S e D2
1
'
'
[
D1 ‘

| T STA.AHEAD Plan View
L

Dimension
Segment I . Elevation I
Segment = Cross-section type Location )
D1 D2 D3 D4 D5 D6
1 None Rectangular Top 185 135 45
3 Bottom 35 15.5 45

OK Apply Cancel

Click OK to apply the data and close the window.
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Column - Reinforcement Definitions

Double click on the Reinforcement Definitions folder under Column in the Bridge Workspace tree to open the
Column Reinforcement window and create a new reinforcement definition for the column. The reinforcement
definitions will later be assigned to ranges over the height of the column. Click the Generate pattern button to open

the Generate Pattern Wizard to create a pattern for the column flexural reinforcement.

™ Column Reinforcement - - Pier 1 - Hammerhead - [m| X
Name:
Bundle bars
Y
i Bar E_ar Material .)( .Y
| size (in) {in)
]
i
! +%

T
I TSta Ahead
L

Generate pattern New Duplicate Delete

The Clear cover is cover to the face of the flexural reinforcement. In this case the cover to the face of the ties is 2.5”

and the tie is a #4 bar, so the clear cover is 3.0”.

M Generate Pattern Wizard X
Pattern name: T6#10Bars Bundle type Bar size: 3

Column segment: 1 - o Single Material: Grade 60 v
Segment cross section: Rectangular 2 Parallel Clear cover: 3 in

2 Perpendicular

3 Bar

Top / bottom: Transverse number of bars: 8

Longitudinal ber of bars: 32
Overall trans. width: ongrtudinal number of bars: 32

QOverall long. width:

OK Cancel

Enter the data shown above and click OK to create the following pattern.
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Make sure to uncheck the Bundle bars checkbox.

& Column Reinforcement - - Pier 1 - Hammerhead - O X
MName: 76#10Bars
Bundle bars
‘EHY Bar SB:,: Material (I:’(\) {I:)

: 103 ~ | Grade 60 v -89.8125 -23.8125 "
i g 2|3 ~ | Grade 60 ~ | -84.01874.. -23.8125
: 3 |3 ~ | Grade 60 ~ | -78.22379.. -23.8125
: 4 3 ~ | Grade 60 wo| -T242043.. -23.8125
! TSta Ahlead 503 v | Grade 60 ~ | -66.63508... -23.8125
I}l_. L 6 |3 ~ | Grade 60 | -60.84072.. -23.8125
7|3 ~ | Grade 60 ~ -55.046371 -23.8125
2 3 ~ | Grade 60 wo | -48.25201... -23.8125
9 3 ~ | Grade 60 ~o | -43.45766.. -23.8125
103 ~ | Grade 60 | -37.66330.. -23.8125
1 (3 ~ | Grade 60 ~ | -31.86895... -23.8125
12 (3 ~ | Grade 60 ~ | -2607459.. -23.8125
13 |3 ~ | Grade 60 ~o| -20.28024... -23.8125
143 ~ | Grade 60 ~o| -14,.48388.. -23.8125

15 |3 ~ | Grade 60 V| -86915323 -23.8125 .

Generate pattern New Duplicate Delete
QK Apply Cancel

Click OK to apply the reinforcement data and close the window.

Column Reinforcement
Double click on the Reinforcement node under Column in the Bridge Workspace tree to open the Column
Reinforcement window. Assign the created pattern as shown below. The negative start distance is used because the

rebars extend into the footing.

™ Column Reinforcement - Column’ - Pier 1 - Hammerhead - O x

Flexural Shear

Start Straight End
Set distance  length | distance Pattern
(ft) () (ft)

Hook at | Hook at  Developed Developed | Follows
start end at start atend profile

> 3 25 22 762108ars v

Duplicate Delete

oK Apply Cancel
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Navigate to the Shear tab of this window and enter the following shear reinforcement. The ties extend into the
footing as they would be detailed on the design drawings, but BrDR will not consider the shear reinforcement in the

footing or cap when performing specification checks.

% Colurnn Reinforcement - Colurnn - Pier 1 - Hammerhead — O *
Flexural Shear
Shear reinforcement type
0 Ties Spirals Spirals designed as ties
Trans. Long. Start . End
Bar size | number number Material distance :fllemab;rs Sp[a;l]ng Le{r;gth distance
of legs of legs (ft) £ (ft)
y 4 e 2 2 | Grade 60 e -1.5 1 1] 1] =il
4w 2 2| Grade 60 -15 18 12 18 16.5
New Duplicate Delete
OK Apply Cancel

Click OK to apply the data and close the window.

Note: A warning message will be issued that the flexural reinforcement is not located inside the footing and that the
shear reinforcement extends below the column. This message is issued because the rebar is defined as extending into
the footing, but the footing dimensions have not been entered yet. Click ‘Yes’ to save the reinforcement data.

Steps to add a foundation alternative will follow.

Bridge Design & Rating

Reinforcement extends into the footing but a current
| Foundation Alternative is not defined yet,

Save reinforcement as is?

Yes Mo
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Foundation Alternative

Double click on the FOUNDATION ALTERNATIVE folder in the Bridge Workspace tree and the New
Foundation Alternatives Wizard will open. Select the Pile Footing option and click Next.

M New Foundation Altemnative Wizard x
Spread Footing Pile: Footing

Caneel nelp

Sta Pier Transverse Axis )
Ahead Superstructure Longitudinal Axis

5 : ’
[__Pier Longitudinal Axis .
Superstructurel Transverse Axis

%

O,

QO

\ Footing Length }
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Enter the following description of the foundation.

M New Foundation Alternative Wizard
Type:
MName: Pile Footing
Description:
Units: US Customary v
Footing width: 12 ft Footing thickness: 3.5
Footing length: 23 ft
Footing material: Class A (US) ~
Piles
Pile material: Steel Pile e
Pile type: Rolled H Shape w
Pile pattern: 5 0 Across Pile edge distance: 1.5 ft
4 7 Down Steel shape: HP 14x89
Pile embedment depth: 1 ft Steel material: Grade 50
Bottom of pile elevation: -10 ft Factored comp. resistance: 340 kip
Point of fidty elevation: -5 ft Factored tension resistance: kip
< Back Finish Cancel

Click Finish and the Foundation Properties window will open as shown below.

Foundation Properties - Description

M Foundation Properties-Pier 1-Hammerhead-Column]
Name: Pile Footing Foundation type:  Pile Foundation
Description Additional Loads Soi Piles
Description: Units:  US Customary v
Footing Foundation seal
Footing material:  Class A (US) v Foundation seal Material:
Width:
Exposure factor:
Length:
Bottom elevation:
oK

*
fit
N
s
Help
- a *

Foundations are not included
in the finite element model of
the pier, but it can be described
in BrDR.

Apply

Cancel
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Foundation Properties - Piles

Navigate to the Piles tab to view the pile information. Update the Material to Grade 50 for each row as shown below.

Name: Pile Footing

Des: on Additional Loads  So Piles

Pile layout wizard... Pile type:

Local
Coordinates
| S e
(ft) (ft)
Pile1 -10 -4.5 | HP 14x89 ~
Pile2 -5 -4.5 | HP 14x89 ~
Pile3 0 -4.5 | HP 14x89 ~
Pilz4 5 -4.5 | HP 14x89 ~
> | Pile3 10 4.5 | HP 14x89 ~
Pile -10 -1.5 | HP 14x89 ~
Pile? -5 -1.5 | HP 14x89 ~
Pile8 0 -1.5 | HP 14x89 v
Piled 5 -1.5 | HP 14x89 v
Pile10 10 -1.5 | HP 14x89 ~
Pile11 -10 1.5 | HP 14x89 ~
Pile12 -5 1.5 | HP 14x89 ~
Pile13 0 1.5 | HP 14x89 ~
Pile14 5 1.5 | HP 14x89 ~
Pile15 10 1.5 | HP 14x89 ~
Pile16 -10 45 [ HP 14x89 ~
Pile17 -5 45| HP 14x89 ~

& Foundation Properties-Pier 1-Hammerhead-Column1

Pile embedment depth: 1

Point of fixity elevation: -5

Foundation type:  Pile Foundation

Rolled H Shape

ft

ft

Material strong axis
direction

Grade 50 Longitudinal
Grade 50 Longitudinal ~
Grade 50 Longitudinal i
Grade 50 Longitudinal v
Grade 50 Longitudinal ~
Grade 50 Longitudinal ~
Grade 50 Longitudinal v
Grade 50 Longitudinal ~
Grade 50 Longitudinal v
Grade 50 Longitudinal v
Grade 50 Longitudinal
Grade 50 Longitudinal
Grade 50 Longitudinal ~
Grade 50 Longitudinal i
Grade 50 Longitudinal v
Grade 50 Longitudinal ~
Grade 50 Longitudinal v

None

None

None

MNene

MNone

Mone

Mone

Mone

Mone

Mone

None

None

None

None

MNene

Mone

Mone

Batter
Bottom
Vertical to | elevation
1 ()

horizontal
" -10
" -10
" -10
w -10
~ -10
~ -10
~ -10
~ -10
o -10
. -10
" -10
" -10
" -10
" -10
w -10
~ -10
~ -10

Resistance
Type

Bearing -
Bearing ~
Bearing ~
Bearing ~
Bearing v
Bearing v
Bearing v
Bearing
Bearing
Bearing
Bearing -
Bearing
Bearing ~
Bearing ~
Bearing ~
Bearing v

Bearing

Pile
head

fixity
(%)

Downdrag
force

(kip)

Factored
comp.
resistance
(kip)

340
340
340
340
340
340
340
340
340
340

340
340
340
340
340

- [m] s

Factored
tension
resistance
(kip)

New Duplicate Delete

oK Apply Cancel

Click the OK button. Do not click the Cancel button as that will cause the creation of the new foundation alternative

to be cancelled.
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Foundation Geometry
Double click on the Geometry window under the newly added foundation alternative to open the Foundation

Geometry window.

™ Foundation Geometry - Pile Footing — O X

Pier Transverse Axis
Column Transverse Axis

Pier Longitudinal Axis

Column Longitudinal Axis I
B R - | D2

‘|: T STA. AHEAD Plan View
L

Dimension
. Elevation
Locat {ft)
ocation )
D1 D2
> Top 35 23 12
Bottom 0 23 12

0K Apply Cancel

The bottom of footing elevation is zero. Click OK to apply this data and close the window.

Last Modified: 2/22/2024 27



Pier 1 - Solid Shaft Pier Example

Foundation Reinforceme

nt

Double click on the Reinforcement window under the newly added pier alternative to open the Foundation

Reinforcement window. Enter the data as shown below.

Direction of topmost rebar:

Top longitudinal reinforcement
Bar size; 9
Hooked
Fully developed

Bar size: 9
Hooked
Fully developed

Longitudina

Direction of bottommeost rebar:  Longituding

™ Foundation Reinforcement -Pier 1 - Hammerhead - Column1 - Pile Footing

Top bar clear cover:

4 Number: 24

Bottom longitudinal reinforcement

v Number: 24

Bottom bar clear cover: 3

3 in End cover: 3 in
in Material:  Grade 60 “
Top transverse reinforcement
Bar size: 9 e Number: 46

Hooked
Fully developed

Bottom tranverse reinforcement

Bar size: 9 R MNumber: 46
Hooked

Fully developed

Cancel

Click OK to apply the data and close the window.

3D Schematic - Pier

To view the 3D Schematic of the pier, select the pier alternative - Hammerhead node in the Bridge Workspace tree
and click the 3D Schematic button on the SUBSTRUCTURE DESIGN ribbon (or right click and select 3D

Schematic) as shown below.
i | Bridge Workspace - LRFD Substructure Example 4 ANALYSIS  SUBSTRUCTURE  REPORTS ? - o x
BRIDGEWORKSPACE ~ WORKSPACE ~ TOOLS ~ VIEW  DESIGN/RATE DESIGN REPORTING
o P = B8 - =
T i E M = P = & S
Preliminary Generate  Load load  Analyze  Specification | Tabular Engine 3D
~ Model Combinations Palette Substructure  Check | Results Outputs Schematic
Analysis Results
Workspace # X | Schematic % X | Report % X
@g Expand Branch
Bridge  Companents 5
. Collapse Branch
. (@ Diaphragm Definitions Oapse branc
« [ Lateral Bracing Definitions = Open
:;I'LRFDMulmp\ePresev_‘c_a Factors T Copy
€0 Environmental Conditions R Delete
~ O Design Parameters
) SUPERSTRUCTURE DEFINITIONS #_Generate Model
vref Superstructure 1 Je 3D Schematic |
3 BRIDGE ALTERNATIVES T Toad Combinations
0 FHWA Alt 1(E) (O) & Anaiyze
B M Trsining Alt | spectication Check
(9 SUPERSTRUCTURES = opecincation Lhec
T Superstructure 1 2 Tabular Results
B 3 SUPERSTRUCTURE ALT| [ Validate
T Superstructure Alt | [ Analysis » X
- | Stiffness Analysis -
&3 PIERS :
B TT Pier 1 % General Preferences
2 EIPERATERNATVES | g Close Bridge Workspace
TT Hammerhead () (Cr
LT Default Materials
‘IT Geometry
e
B Columnl
ke Superstructure Loads
= Superstructure Enviranmental Loads
----- 1 Substructure Loads
v
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The 3D Schematic is a to-scale drawing of the pier alternative. This schematic view has a lot of useful features like

rotating, scaling, and dimensioning.
Schematic — 0O X

3D Schematic

etr o @O | Q lner v

Superstructure Beference Line Station Ahead

- " — S

T e
—
-
——

<5>It’s a good idea to view

the Isometric View in the

schematic to be sure that the

girders are sitting on the pier.

Last Modified: 2/22/2024 29



Pier 1 - Solid Shaft Pier Example

Validating a Pier Alternative

Another useful feature is to validate the pier alternative once the geometry is defined. Validation process alerts the

user to any missing or incorrect data in the pier description. To validate, right click on the pier alternative and select

Validate as shown below.

ﬂ Bridge Workspace - LRFD Substructure Example 4 ANALYSIS SUBSTRUCTURE REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS WIEW DESIGN/RATE DESIGN REPORTING
= = - ==
o E B <= E g
$ B [0 & & =
Preliminary Generate Load Load Analyze  Specification | Tabular Engine
v Model Combinations Palette Substructure Check Results Qutputs
Analysis Results
Workspace & X Schematic s H
Bridge Compaonents %g Expand Branch
i+ 7 Components @ Collapse Branch
- B2 Diaphragm Definitions
- [ Lateral Bracing Definitions = oOpen
- MPFLRFD Multiple Presence Factors ] Copy
- EE Environmental Conditions & Delete
- DF i
. Design Parameters li# Generate Model
- &) SUPERSTRUCTURE DEFINITIONS
- b Superstructure 1 Jz 3D Schematic
= &) BRIDGE ALTERNATIVES [¥| Load Combinations
B @M FHWA Alt 1 (E) (Q) [+ Analyze
= @ Training Alt | Specification Check
- |9 SUPERSTRUCTURES B Tabular Result
B TT Superstructure 1 - s .u arnesus
B 3 SUPERSTRUCTURE ALTE_[E] Validate -
. Superstructure Alt 1| @ View Summary Report .
o Stiffness Analysis [@ View Detailed Report
- & PIERS -
B TT Pier 1 8% General Preferences
- ose Bridge Workspace
B £ PIER ALTERNATIVES Close Bridge Worksp
=TT Hammerhead (E) (C |
I.I Default Materials
- T Geometry
-~ WP Cap
W Column1
~ gy Superstructure Loads
- B Superstructure Environmental Loads
- 4 Substructure Loads
v
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This opens a window which contains warnings and errors if the pier alternative is in error or missing data.
Report - 0O x

Validation - Hammerhead

Total Number of Messages: 47
Number of Information Messages: 47
Number of Warning Messages: o
Number of Error Messages: o

Pier Alternative: Hammerhead
Hammerhead (Solid Shaft Pier Alternative)
Columni (Column)
Existing foundation alternative: Pile Footing
Current foundation alternative: Pile Footing
Pile Footing (Foundation Alternative)

Pile

No errors or warnings.
Pile2

No errors or warnings.
Piles

No errors or warnings.
Piley

No errors or warnings.
Pileg

No errors or warnings.
Pile6

No errors or warnings.
Piley

No errors or warnings.
Pile8

No errors or warnings.
Pileg

No errors or warnings.
Pileio

T nmmmane Am s s A

Load Palette

Click on the Load Palette button from the Analysis group of the SUBSTRUCTURE DESIGN ribbon. Click on the
Select all button and click OK to apply the settings and close the window.

™ Load Palatte - O *
U Input Overrid u Input Overrid
e defined WETTade E1 defined ermnge
DC EH Active NA
DW EH At-Rest NA

W
w
(T - | v
X

n @

U X
BR X 16 NA
c K NA SH X
wa 3 v CR NA
ws v SE NA
WL o FR W

cv NA

Select all Clear all COpen template  Save template oK Cancel
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A specification check will now be performed on the pier.

Specification Check - Pier

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

o | Bridge Workspace - LRFD Substructure Example 4 ANALYSIS  SUBSTRUCTURE  REPORTS ? - [u] kS
BRIDGE WORKSPACE ~ WORKSPACE ~ TOOLS ~ VIEW  DESIGN/RATE DESIGN REPORTING
u o -
& B2 5 & = g J»
Preliminary Generate  Load load  Analyze Engine D
~ Model Combinations Palette Substructure| Outputs Schematic
Analysis Results
Workspace % X | Schematic & % Report » %
Bridge  Components
B T Superstructure 1 -
& (3 SUPERSTRUCTURE ALTERNATIVES
"+ T Superstructure Alt 1(8) (C} (Superstructure 1)
1 Stiffness Analysis
&3 PIERS
=TT Pier1
& 3 PIER ALTERNATIVES
B TT Hammerhead (E) (C)
&7 Default Materials
- TT Geometry
E- WPCap
+ P Companents.
T Geometry
& Reinforcement
L W Columal Analysis & X
- B Compenents
I Geometry
- 9 Reinforcement Definitions
! 762108ars
[ Reinforcement
- 3 FOUNDATION ALTERNATIVES
£ B File Footing (E) (Q)
-~ I Geametry
[ Reinforcement
- My Superstructure Loads
= Superstructure Environmental Loads
1} Substructure Loads

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

M Bridge Validation =

Total Number of Messages: 47
Number of Information Messages: 47
Number of Warning Messages: o
Number of Error Messages: o

Pier Alternative: Hammerhead
Hammerhead (Solid Shaft Pier Alternative)
Column1 (Column)
Existing foundation alternative: Pile Footing
Current foundation alternative: Pile Footing
Pile Footing (Foundation Alternative)

Pilex

No errors or warnings.
Pilea

No errors or warnings.
Pileg

No errors or warnings.
Pileq

No errors or warnings.
Pileg

No errors or warnings.
Piles

No errors or warnings.
Pile7

Continue spec check Cancel spec check
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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 *

LU duedl WD LdneeE uy — H.DJ.'.'J. nw llsllL UL s 1diee Ul )ulJPULL. Y
Shear will be checked at 40.5171 ft.
- Loecation - o.ocoo (ft)
- Location - 2.7325 (ft)
- Location - 2.9688 (ft)
- Location - 3.7500 (ft)
- Location - 13.5000 (ft)
- Location - 23.2500 (ft)
- Location - 33.0000 (ft)
- Location - 42.7500 (ft)
- Location - 43.5312 (ft)
- Location - 43.7675 (ft)
- Location - 46.5000 (ft)
- Location - 5.9268 (ft)
- Location - 40.5171 (ft)
- Component 2 of 3 - Columni .
- Location - 0.0000 (ft) for errors and warnings.
- Location - 15.0000 (ft)
- Component 3 of 3 - Columni:Pile Footing
- Location - Pile Footing
- Location - Footing Longitudinal Moment Section
- Location - Footing Transverse Moment Section
- Location - Footing Longitudinal Shear Section
- Location - Footing Transverse Shear Section
- Location - Column Punching Shear Section
- Location - Pile Punching Shear Section
Completed Specification Check.
Writing Specification Check results.
Completed.

> Review this window

Substructure specification check suceessfully completed!
Analysis completed!

v

<g@lf the FE analysis results do not exist on the hard drive, when a spec check is performed, BrDR will
perform the FE analysis automatically. The next time a spec check is run, BrDR will use the existing FE
analysis results. This saves time and allows the user to fine tune reinforcement and geometry without re-
doing the FE analysis every time. Once an optimal reinforcement and geometry is found that satisfies

the spec checks, a final FE analysis and spec check can be performed.
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Specification Check Detail
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 opens.

=
E EBridge Workspace - LRFD Substructure Example 4 ANALYSIS SUBSTRUCTURE REPORTS 7 — o X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
B > = E — =
T b B B = 3 = o

Preliminary Generate Load Load Analyze  Specification | Tabular| Specification |Engine 3D
v Model Combinations Palette Substructure Check Results| Check Detail JOutputs Schematic

Analysis Results

Workspace X Schematic 2 X Report X

Eridge Compaonents

e I R

- Stiffness Analysis
- | PIERS
=TT Pier 1
B |3 PIER ALTERMNATIVES
& TT HammerHead (E) (C)
- T Default Materials
ﬁGeomelry
= W Cap
- TP Components
- L} Geometry
""" Reinforcement
= M Columnl
B Components
O Geometry
= =) Reinforcement Definitions
L 76#10Bars
Reinforcement
= ) FOUNDATION ALTERNATIVES
2 W Pile Footing (E) (C)
' =1 Geometry
----- Reinforcement
- oy Superstructure Loads Analysis
- Superstructure Enviranmental Loads
""" 1 Substructure Loads

2
=
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BrDR performs spec checks at each node in the finite element model along with locations where the reinforcement

developed and at a distance dc from the face of each column.

M Specification Checks for Hammerhead - 12 of 273

Properties

4 |_j Pier Component Specification reference Limit State Flex. Sense Pass/Fail
4 |_|Cap +" 5.10.8 Shrinkage and Temperature Reinforcement MSA Passed
1000 ft. 5.4.2.5 Poisson’s Ratio N/A General Comp.
g273 ft. 54.2.6 Maodulus of Rupture N/A General Comp.
1 2.97 ft. 5.5.4.2 Strength Limit State - Resistance Factors N/A General Comp.
) p

1375 ft 5.7.2.2 Rectangular Stress Distribution N/A General Comp.
11593 ft.

1 13.50 fr.
1.1 15.50 ft.
42325 ft.
11 31.00 fr.
11 33.00 fr.
140,52 ft.
4275 ft.
|143.53 ft.
143,77 ft.
|1 46.50 ft.
4 |_|Columnl
|21 0.00 ft.
|1 15.00 .
4 | Columni:Pile Footing
|l Pile Footing
|l Footing Longitudinal Moment Section
|l Footing Transverse Moment Section
|| Footing Longitudinal Shear Section
|l Footing Transverse Shear Section
|l Column Punching Shear Section
|i Pile Punching Shear Section

Articles

P Al articles e

Generate Format
Bullet list ~

> 57.3.2 Flexural Resistance (Reinforced Concrete) N/A Failed

+/ 5.7.3.3.2 Minimum Reinforcement N/A Passed

M4 5.7.3.4 Control of Cracking by Distribution of Reinforcement N/A Not Required
+/ 5.7.34(a) Longitudinal Skin Reinforcement N/A Passed

+/ 5.8.2.1 Torsion N/A Passed
Cracked_Moment_of_Inertia Section Property Calculations Positive Flexure  General Comp.

Cracked_Moment_of_Inertia Section Property Calculations Negative Flexure General Comp.

Open the spec check detail window for the flexural resistance at the center of the cap. The following is noted for this

window, other spec articles are similar:

e For each spec check location, both the left and right sides of the point are evaluated. (Note: for the example
shown below: The LL loading is not symmetric, so the left/right sides of the cap midpoint show slightly
different max/min load values.)

e The design ratio is printed out for the article. The design ratio is the ratio of capacity to demand. A design
ratio less than one indicates the demand is greater than the capacity and the spec article fails. A design ratio
equal to 99.0 indicates the section is subject to zero demand.

e The user has control over which limit states are investigated. For this example, Preliminary Design Mode is
used and the default Preliminary Design Setting only contains the Strength-1 limit state. For each limit state,
the max and min force effect is checked. Thus, each limit state shows two rows of data.

o

The LL load combination is shown in this column. If the location is not at a node in the FE model (e.g., the
node is at a point where the rebar is fully developed), this column will list two load combinations separated
by a comma. The first load combination is the combination considered at the left end and the second load
combination is the combination considered at the right end of the FE element that contains this location. The

resulting load displayed is a linear interpolation between the two displayed load cases.
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E Spec Check Detail for 5.7.3.2 Flexural Resistance (Reinforced Concrete)

5 Concrete 3tructures

5.7 Material Properties
5.7.3 Flexural Members
5.7.3.2 Flexural Resistance

Pier Cap Secticn - At Location = 23.2500 (ft) - Left

Cross Section Properties
Depth = 132.00(in)
Width = 60.00(in)

Brea = 7920.00(in"2)

Flexural Reinforcement

L= Dist. From
Bottom
(in~2) (in)
15.80 128.17
15.80 123.76
3.95 3.63

f'c = 4.00 ksi

Note: If the capacity has been owverridden, the Resistance is computed
Otherwise the Besistance is computed a3 per the Specification.

Limit State Load Mu Phi Mn
Combinaticon kip-ft kip-ft
STR-I 376 -8021.66 0.900 -19018.32

5TR-I . 201 -22057.43 0.900 -159019.32

Pier Cap Secticn - At Location = 23.2500 (ft) - Right

Cross Section Properties -
Depth = 132.00(in)
Width = 60.00(in)

Brea = 7920.00({in"2)

Flexural Reinforcement

a

as override phi*owverride capacity.

{RASHTO LRFD Bridge Design Specifications, Fifth Editicn - 2010, with 2010 interims)

—— Owverride —

Fhi

Mn
kip-ft

Mr=
Fhi * Mn
kip-ft
-17117.39
-17117.39

QK
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