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Solid Shaft Pier Example

BrD Substructure Training
Pier 1 — Solid Shaft Pier Example

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

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

Example features:
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 BrD 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 BrD Superstructure module and as such this example does not go

into detail describing BrD Superstructure windows or bridge workspace navigation.
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BrD Substructure Capabilities

The BrD 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 RN A

[ | [ | [ ]
Solid Shaft Pier Frame Pier Wt all Pier Pile Bent Pier

A three-dimensional schematic is available where you can view a to-scale drawing of your pier alternative. BrD can
compute the loads acting on the pier for you or you can enter your own override forces. Superstructure dead load
and live load reactions are computed for you based on the superstructure definition assigned to the superstructure
supported by the pier. BrD generates a three-dimensional finite element model of the pier based on modeling
parameters you input. A finite element analysis of the pier is performed and load combination results are generated
based on the limit states you choose to include. 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.
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Locating Substructure Units

In BrD, 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.

Our example has the following bridge layout:
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We are going to describe this bridge alternative and pier in BrD Substructure by adding a bridge alternative to the
bridge with BID 23 in our sample database. Open the bridge workspace for BID 23. As shown below, this bridge
already contains a superstructure definition and a bridge alternative. We are going to re-use this superstructure

definition and create a new bridge alternative and a new pier in this example.
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Bridge Workspace - LRFD Substructure Example 4 E\@
BRI 50 Suosrucure Bample

[ Materials

- [ Beam Shapes

- [ Appurtenances

- [ Connectors

- [ Diaphragm Definitions

- [Z3 Lsteral Bracing Definitions

- = Impact/ Dynamic Load Allowance
- MFF | RFD Multiple Presence Factors

[ [ Factors

[ [ LRFD Substructure Design Settings

- EC Environmental Conditions

£
£
£
£

(5 g B gy B

- DF Design Parameters
(= (L1 SUPERSTRUCTURE DEFINITIONS
..... b Superstructure 1
- (13 BRIDGE ALTERMATIVES
EI ..... My FHWA Akt 1 (E) (C)
[C7 SUPERSTRUCTURES
T Stiffness Analysis
..... [Z7 PIERS

We are going to jump down to the Bridge Alternatives section and create a new bridge alternative. Double click the
“BRIDGE ALTERNATIVES” label and enter the following information.
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#Th Bridge Alternative EI@

alternative Name:  Training Alt

Description | Sybstructures

Drezcription: -
[T Harizortal cureature Global Pasitioning
Feference Line Length = 240,00 f Distance = | ft
(@) Start bearing () End bearing Offzet = it
Starting Station = 0.00 it Elevation = 7
Bearng= M 90" 0'0.00"E
Bridge Alignment
(@ Curved Start tangent length: ft
Tangent, curved, tangent Curve length: ft
Tangent, curved
R adivs; ft
Curved, tangent
Drirection: Left
End tangent length: fi
Superstructure Culvert
Wizard... Wizard...
Ok ] [ Apply ] [ Cancel

The data on this tab orients the bridge alternative reference line. Our substructure units will be located with respect

to this bridge alternative reference line. Our bridge alternative is 240 feet long and the starting station is 0+00.

Click the ‘Superstructure Wizard’ button to have BrD create our Superstructure and Pier for us.
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Click the ‘Generate ..” buttons to have the wizard generate Superstructure names for us

and then click the ‘Finish’ button.

-

Superstructure Wizard @

This wizard allows you to create Superstructures, Superstructure Atematives and assign Superstructure
Definttions to the new atematives. The wizard will also create Piers if you are munning BrD Substructure.
Piers can only be created if the Bridge Atemative does not contain a horzontal curve.

Mumber of superstructures 1

Prefix to Use When Generating Names

Superstructure prefoe;  Superstucture %

Generate Superstructure
Mames

(Generate Superstnucturs

2 - Superstructure Alt %
Superstructure Altemative prefic p = Bltemative Mames

Superstructure | Distancef Superstructure Alternative Superstructure
Name (ft) MName Definition

Superstructure Superstructure Alt 1 |Superstructure 1 [+

Substructure Units

First unit type: [Abutmem T]

Lasgt unit type: [Abutment T]

| Fnish | | Cancel | [ Hep
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Click ‘OK’ on the Bridge Alternative window and the Bridge Workspace tree appears as follows.

Eridge Workspace - LRFD Substructure Example 4 EI@
= 1Y | RF[} Substructure Example 4
w2 Materials

. [0 Appurtenances

- [ Connectors
------- (L1 Diaphragm Definitions
------- (L1 Lateral Bracing Definitions
------- j Impact / Dynamic Load Allowance
------- MFF LRFD Multiple Presence Factors
- [ Factors
[ [ LRFD Substructure Design Settings
------- EC Environmental Conditions

[+
- [ Beam Shapes
[+
[

....... OF  Design Parameters
= 21 SUPERSTRUCTURE DEFIMITIONS
----- b Superstructure 1
=} [ BRIDGE ALTERMATIVES
..... Iy FHWA Alt 1 (E) (C)
2 &My Training Alt

EI ..... ([ SUPERSTRUCTURES

: EI ..... =T Superstructurel

EI ----- ([ SUPERSTRUCTURE ALTERMATIVES
... T Superstructure Alt 1 (E) (C) (Superstructure 1)
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Open the Pier window and enter the following data.

[

i Pier

o]l =

Pier Mame: | Fig; 1

Description | Stream Flow

Pier Skew Angle
(@ Input skew angle Skew angle = 0.00 Degrees

() lnput bearing angle

Finizhed groundling elevation = 5.50 ft

Sl density = ot

Superstructure Longitudinal Direction
Caonzider az fised

(@ Consider as expansion
Pier Lozation Relative to Bridge Altermative

Station = 120.000 ft

Computed Fier Location Relative to Superstuctune
S[atign = |120.000 ft

Offset = |-0.000 it

Dezcriphion: N

Superstructure defined in BrDR

Offget = |-0.000 ft

Computed Fier Coordinates
% = (120,000 it

v = [-0.000 i

Existingl Currentl Pier Alternative Namel Desu:riptiunl

(] ] [ Apply ] [ Cancel

This pier is not subject to stream flow so we do not have to enter anything on the Stream Flow tab. Click OK to

close the window.

Last Modified: 7/15/2016
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Pier Alternatives
We are now ready to create our solid shaft pier alternative. Double click the PIER ALTERNATIVES label and the

following New Pier Alternative Wizard will open.

-

Mew Pier Alternative Wizard @
I L 1
Frame Fier W all Pier Pile Bent Pier
<Back || Ned> | [ Cancel | [ Hep

Select the solid shaft pier and click Next.
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Enter a name for the pier alternative and click Finish to close the wizard and create the new pier alternative.

Mew Pier Alternative Wizard

-

=

Type: |RC SolidShaft Fier

Mame: Hammerhead|

Description:

Units: | U5 Customany

-

cBack || Fnish | | Camcel | | Hebp

Last Modified: 7/15/2016 14
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The Pier Alternative window will automatically open.

&M Pier Alternative - Hammerhead E@

Name: Hammerhead Tz RC SolidShaft Pier
Descrption | Stiffhess I Reports
Description: - Units: [ JS Custarman -

LRFD Substructure Design Settings

Preliminary tMode
N Default Design Settings: Preliminary Design Setting [US)

[] Override default

Design Settings:

Final Mode
Diefault Design Setings; | Final Desion Sefting [L15]

[] Override default

Design Settings:

Advanced
DLA...

k. l [ Apply ] [ Cancel

Click the Ok button to close this window. Do not click the Cancel button as that will cause the creation of the new

pier alternative to be canceled.
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The bridge workspace under Pier Alternative is shown below.

g

Bridge Workspace - LRFD Substructure BExample 4 E'@
= &% LRFD Substructure Example 4
[ [ Materials
[ (] Beam Shapes
- [ Appurtenances
- ] Connectors

------- (L1 Diaphragm Definitions
....... (L1 Lateral Bracing Definitions
------- j Impact / Dynamic Load Allowance
------- MFF LRFD Multiple Presence Factors
- [ Factors
[ [ LRFD Substructure Design Settings
....... EC Enwvironmental Conditions
....... OF Design Parameters
= [ SUPERSTRUCTURE DEFINITIOMNS
----- b Superstructure 1
= [_1 BRIDGE ALTERMATIVES
..... Ay FHWA Al 1 (E) (C)
=Y Training Alt

----- (L SUPERSTRUCTURES

....... T Stiffness Analysis

= (1 PIERS

2 TT Pierl
EI ----- (L PIER ALTERMATIVES
& TT Hammerhead (E) (C)

....... &1 Default Materials
....... T Geornetry
[ w Cap
. B Column
....... <& Superstructure Loads
------- = Superstructure Envirenmental Loads
....... ++ Substructure Loads
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Pier Geometry

We can now start entering the geometry of our pier. Open the following Geometry window.

D Pier Geometry =3 EeR/==
| 0.00 ft |
I | Superztiucture
- Reference Line
I
I
51 G EE: G4 G5
I I I I I
[ 9751 | 9751t 1 9.75f | 9750 |
[ [ [l [ |
S S SN & SRR S S
| i
| |
b =0 == —o—=p—o—o == Tt Tt T T Component
“ Geometry
| 0.00 ft m 0.00ft ‘
CL Shaft
'
LL
Eleseation View
] 8 H Apply ” Cancel

This window allows you to define some basic pier geometry. The following items should be noted about the
geometry windows in BrD Substructure:
e The window is not drawn to scale.
e  Only the values in blue font can be edited.
e Ifapier component, such as the cap or column, does not have any geometry defined yet, that component is
drawn with a dashed red line.
e Avright click menu is available for each pier component, such as the cap or a column, which you can use to

navigate to the component or geometry window for that component.
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In this window, 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 a very important dimension to input
correctly since a bad value could result in your girders not being supported by the pier. Enter the following data and
click the OK button.

™ Pier Geometry EI@

23251t

[

|

! Superstructure
. Reference Line
I
I

G1 G2 | B3 G4 G5
| [} [ [} [}
| 978k | 975f | 975ft | 975@ |
|
S T S T S S SR

2325 ft m 2525 ft
b

CL Shaft

Elereation View

0k ] I Apply I I Cancel
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Open the Cap window and enter the following data.

[

M Cap Properties - Pier1 - Hammerhead EI@
Descrption | &dditional Loads
Cap Type: Beam ShapeCap  Cap Top Configuration: Sloped Cap Material |Class & [US) -
Pedestals Exposure factar: 1 0on
CL Bearing Angle Between CL Bearing Seat | Pedestall Pedestal
Member Station Member and CL Support Elewvation Width | Length
(ft) (Degrees) (fth (ft) (ft)
G1 120.00 S0.00 30.50 2.00 2.50
G2 120.00 90.00 30.50 2.00 2.50
G3 120.00 50.00 30.50 2.00 250
G4 120.00 90.00 30.50 2.00 2.50
G5 120.00 S0.00 30.50 2.00 2.50
k. ] [ Apply ] [ Canicel

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

The Additional Loads tab allows you to define additional, user defined loads on the cap. Our example does not

contain any additional loads on the cap. Click the OK button to close the window and save the data to memory.
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Expand the bridge workspace tree under the Cap label and open the Components window. Select the following type

of cap cantilever component for both the left and right cantilevers.

[

M Cap Components - Pier1 - Hammerhead =B | [wESm)

Cap type: (@ Beam Inwverted Tees Beam

Cap Left Cantilever | Cap Right Cantilever

Straight Cantilever

k. ][ Apply ” Canicel
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Now open the Cap Geometry window and enter the following cap geometry data.

T Cap Geometry - Hammerhead E@
. Superstructure
. Reference Line
I
I
51 G2 3 G4 55
Ahead Span | | [ | |
I S 1 S S S
: [ I (I I Pl H
CL Pier | o X . : i i
T S e o T I -
E | : | I | : | :
Back Span
T
i
L=’ L Plat View
STA AHEAD
&1 G2 G3 G4 G5
1 | ! | |
[ | 1 4&-5‘]“ 1 | |
Elev, 20808 | i ! Fley, 2950 ft
500 ft | | |50
I ) K
so¢t - _ P 00 ft
-"-\.._._._.___._._I______________
Y 15.50 ft , 15.50 ft
n CL Shaft
T_... L
Elevation Wiew
0., ] [ Spply ] [ Cancel

Click OK to close the window.

Last Modified: 7/15/2016 21



Solid Shaft Pier Example

Open the Reinforcement window and enter the following data.

M Cap Reinforcement - Pier1 - Hammerhead
Flewural | Shear
Longitudinal Skin
Bar size: Bar spacing:  8-000  in Bar material: Stirup clear cover: 2.5000  in
Primary Flexural
Reinforcement Input Method Reinforcement follows cap profie
@ Ssimplified () Advanced
Vertical Start Straight End
W Hook at| Hook at | Developed | Developed
Set Frz:fru:rai Dist_ance Bar Size | Mumber| Material | Distance| Length | Distance ;?arta E;da :r;?apﬂ e;tre;z
{in} (ft) (ft) (i)
1 |top |=f 3830|117 |=|| 10.000|Grades0x| 0500 45500| 48.000 = &}
2 |Top |w| 3280011 |=| 10.000|Grade&0lw| 0.500| 45500 46.000 ] [
3 |Bottom w| 3825|8 ||| 5.000|Gradesox| 0500 45500 4s000| [ &) = &}
’ MNew ] ’ Duplicate ] [ Delete ]
[ u] ” Apply ” Cancel ]
™ Cap Reinforcement - Pierl - Hammerhead
Flesural | Shear
Start - End
. Number . L | Number | Spacing | Length| _.
Bar Size of Legs Material | Measure From| Direction | Distance of Spaces (in} ) Distance
(ft} (ft)
5 x| 4.000|Grade 60 = | Left Edge of = |Right || 0.375 1 0.000| 0.000 0.375
5 |=|| 4.000|Grade 60 | Left Edge of = | Right || 0.375 61 9.000| 45.750| 45125
Dup &Mirmr][ Mew ][ Duplicate ] [ Delete ]
[ Ok ” Apply ” Cahcel ]
Last Modified: 7/15/2016 22
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Open the Column window, enter the Exposure Factor and click OK to close the window.

M Column Properties - Pier 1 - Hammerhead

M arme

Description | Additional Loads

Colurmn

Exis.ting| Currentl Foundation Alternative Name| Description |

Expozure Factor: 1.000

Last Modified: 7/15/2016 23
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Solid Shaft Pier Example

The Column Components window is shown below. This window allows you to specify the cross-section segments
in the column. Segment cross-sections can vary linearly over their height. In our example, the cross-section is

constant over its height.

™ Column Components - Pierl - Hammerhead - Colurnl E\@
MHumber of croge-zection segments for column;
Segment Waterial Segment Vary Cross-Section Type
Class A Segment 1
1 (us) ¥ |[None - Round
— — Segment 2
0k l [ Apply l [ Cancel

BrD sets the default column cross section type as circular when a column is created. Our example has a rectangular

column cross section so change the cross section type to rectangular as shown and click OK.

M Column Components - Pierl - Hammerhead - Columnl EI@
Mumber of cross-zection seqments for column: 1 =
Segment Waterial Segment Vary Cross-Section Type
] Cassa | |l - Segment 1
(us) one Rectangular | =
— — Segment 2
0K l [ Apply ] [ Cancel
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Open the Column Geometry window and enter the following column geometry data.

™ Colurnn Geometry - Columnl EIIE
Battom of Cap
ElL 1850 f
: : Fier Transverse Axis
] ! Shaft Transverse Axis
E i Pier Longitudinal Axiz :
E : Shaft Longitudinal Axiz .
i : R R +------- 4.50 ft
i
| |
| ; ' 15.50 ft '
El 3.50ft T T T T T T
_ T Segment Mo, 1
STa AHEAD
T L L &
Elewation Yiew H Plan View
0k ] [ Apply ] [ Cancel

Click OK to close the window.

Last Modified: 7/15/2016
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Double-click the Reinforcement Definitions label to create a new reinforcement definition for the column. The

reinforcement definition will later be assigned to ranges over the height of the column.

o

M Column Reinforcement - - Pier 1 - Hammerhead EI@
Mame :
Y [ Bundle bars
R S, Bar ) X b i
r =
: : : Bar Size Material (in) (in}
I i I
I i I
b [ JI._+_>.<.
I ! I
| ! :
i
l i :
| m—————— 1
i

T

[
I Tﬂta Ahead
L

MHew ][ Duplicate ][ Delete

Generate Pattern...

Click the Generate Pattern button to open the following wizard to create a pattern for the column flexural

reinforcement.
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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”.

Generate Pattern Wizard

Pattern name: 7EH10B ars

Colurmn zegment;

Segment crozs section:

Top/Battar: | T

Owerall trans width; | 54.0000

Owerall long width: | 1860000

op

Rectangular

in

in

Bundle Type Bar size:

@ Single

(71 2 Parallel b aterial:

(71 2 Perpendicular

=

| Grade 60

(1 3Bar Clear cover:

3.0000

if

Tranzverse number of bars:

Langitudinal nurmber af bars:

Clicking the Apply button will create the following pattern.

32

Apply l ’ Cancel

-

{D Column Reinforcement - - Pierl - Hammerhead

T

i
I TSla Ahead
L

Generate Patterm. ..

Last Modified: 7/15/2016

Mame: 7ER10Bars
[7] Bundle bars
Bar Sﬂiz; Material (i}:} (?r:} -

1 3 |+ || Grade 80 |r| -28.813| -23.813 E
2 3 | = Grade 60 |=| -84.018| -23.813

3 3 > || Grade 80 x| -7E.224 | -23.813

4 3 || Grade 50 x|l -T2.4259| -23.813

5 3 | x| Grade 80 |x]| -66635| -23.313

6 3 = || Grade 60 = || -60.841( -23.813

I 3 || Grade 80 o=l -55.046 | -23.813

8 3 |+ || Grade 80 |r|| -48.252| 23813

El 3 | = Grade 60 |=| -43.458| -23.813

10 3 > || Grade 80 =]l -37.663 | -23.813

11 3 || Grade 50 =]l -31.869 | -23.813

12 3 ||| Grade 60 | =]l -26.075| -23.813

13 3 = || Grade 60 = || -20.280 | -23.813

14 3 || Grade 80 ow|| -14.486 | -23.813

15 3 | Grade 50 »|| -8.5592| -23.813 B

e ] [ Duplicate ] l Delate
27




Solid Shaft Pier Example

Now open the Column Reinforcement window and assign this pattern as follows. The negative start distance is used

because the rebars extend into the footing.

[

¢ Column Reinforcement - Columnl - Pierl - Hammerhead

[o ][O |ms]

Flewural | Shear

Start | Straight| End | |

) ) Hook at Hook at | Developed| Developed| Follows
Set Distance| Length | Distance, Pattern Start End at Start at End Profile

(fty (ft) (ft)
1 -3.000 | 25.000 | 22.000 |76#10Bars [l [ |

[ MNew ] [ Duplicate ] [ Delete I
[ (] ” Apply ” Cancel ]
Last Modified: 7/15/2016 28
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Solid Shaft Pier Example

Enter the following shear reinforcement. The ties extend into the footing and cap as they would be detailed on the

design drawings but BrD will not consider the shear reinforcement in the footing or cap when performing
specification checks.

g

M Column Reinforcement - Columnl - Pierl - Hammerhead

[

Shear

Shear Reinforcement Type
@) Ties () Spirals () Spirals designed as ties
Bar Trans. Long. . .Start Number | Spacing| Length] _. End
Size MNumber | Number Material Distance of Spaces {in) () Distance
of Legs | of Legs (ft) (ft)
|=] 2.00 2.00|Grade 60 = -1.500 1| 0.0000| 0.000 -1.500
|=] 2.00 2.00|Grade 60 |=| -1.500 18| 12.0000| 18.000| 15.500
[ Mew ] [ Duplicate ] [ Delete ]

] 4

” Apply ” Cancel ]

Click ‘OK’ to save this data. You will get a warning message 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.

Double click the FOUNDATION ALTERNATIVES label and the New Foundation Alternatives wizard will open.
Select the Pile Footing option. Click Next.

Last Modified: 7/15/2016
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Solid Shaft Pier Example

MNew Foundation Alternative Wizard

Spread Footing

<Back || Net> | [ Cancel | | Hep

Enter the following description of the foundation. @

/Sla & _Pier Transverse Axis .
Ahead Superstructure Longitudinal Axis

x
[_Pier Longitudirfal Axis i
Superstructure| Transverse Axis

\ Footing Length |

Last Modified: 7/15/2016 30



Solid Shaft Pier Example

Mew Foundation Alternative Wizard

Type: |File Foundation

Mame: Pile Footing

Description:
Units: |{US Customary i -
Foating width: 12.00 ft Footing thickness: 3.50 ft
Footing length: 2300 ft
Footing material: ’Uass A{US) v]
Files
Pile matenial: IStE'E'I Pile "]
Pic type: |Rolled H Shape -|
File pattem: 5 - Across File edge distance: 150 ft
4 | Down Steel shape: [HF‘ 1485 v]
Pile embedment depth: 1.00 ft Steel matenial: [Gmde 50 v]
Bottom of pile elevation: -10.00 ft Factored comp. resistance: 340.00 kip
Poirtt of fidty elevation: =00 ft Factored tension resistance: kip

<Back || Fnsh | | Cancel | | Heb

Click Finish and the Foundation Properties window will open.
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Solid Shaft Pier Example

™ Foundation Properties - Pier 1 - Hammerhead - Colurnnl

[l O]

Name: Pile Footing

Description | Addiional Loads | Sei | Piles |

Foundation type:  File Faundation

Description:

Faating

Footing Material: | Class & [US) hd

Exposure factar:;

- Units: | US Cugtomary

Foundation Seal

[C] Foundation seal ~ Material | Class & [US]

*fidth: ft
Lenath: ft

Bottom elewation: ft

2 Foundations are not
included in the finite
element model of the pier

but you can describe them in

RrD

Select the Piles tab to view the pile information.

Last Modified: 7/15/2016
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Solid Shaft Pier Example

[

™ Foundation Properties - Pier 1 - Hammerhead - Columnl

Name File Foating Foundation type:  File Foundation
| Dezcription I Additional Loads I Soil | Piles |
Pile Layout wizard... Pile type: Rolled H Shape
Fil embedment depth;  1.00 ft
Pt of fisity elevation: 300 ft
Cuan'Ddif'laaltes. Batter Bottom Fie Downdra, Factor
Pile o o Strong Axis - Elevation Reszistance | Head Force 9 Com
Name| L T = atera Direction | Vertical to Type Fixity i Resista
ft) (f) Axis 1 (fth (%) (kip) (kip
Horizontal
Pile1 | -10.00| -4.50 |HP 14x& = | Grade 50 = | Longitudinal || Mone = | -10.00 |Bearing | =] 340
Pile2 -5.00| -4.50 |HP 14x8 = |[Grade 50 = | Longitudinal || None =] -10.00 |Bearing || 340
Pile3 0.00 -4.50|HP 14x8 = | Grade 50 = | Longitudinal |= | None | -10.00|Bearing | =] 340
Pile4 5.00| -4.50 |HP 14x8 | Grade 50 = | Longitudinal || None = | -10.00|Bearing || 340
Pile5 10.00| -4.50|HP 14x8 = |(Grade 50 = | Longitudinal |=| None x| -10.00|Bearing =] 30| =
Pile§ | -10.00| -1.50 |HP 14x8 = | Grade 50 = | Longitudinal || None| =] -10.00|Bearing  |=| 340
Pile? -5.00| -1.50 |HP 14x& = || Grade 50 = | Longitudinal || Mone x| -10.00|Bearing | =] 340
Pileg 0.00| -1.50 |HP 14x8 | Grade 50 = || Longitudinal || None | -10.00|Bearing || 340
Piled 5.00( -1.50|HP 14x8 = | Grade 50 = | Longitudinal || MNonej | -10.00|Bearing =] 340
Pile10 | 10.00| -1.50 |HP 14x8 = |(Grade 50 = | Longitudinal || MNone «| -10.00 |Bearing || 340
Pile11 |-10.00| 1.50 |HP 14x8 = | Grade 50 = | Longitudinal || None w| -10.00 |Bearing || 340
Pile12 | -5.00| 1.50 |HP 14x& = | Grade 50 = | Longitudinal || Mone = | -10.00 |Bearing | =] 340
Pile13 0.00| 1.50 |HP 14x8 w | Grade 50 || Longitudinal || None | -10.00 |Bearing || 340
Pile14 5.00( 1.50|HP 14x8 = | Grade 50 = | Longitudinal || MNone | -10.00|Bearing | =] 340
Pile15 | 10.00| 1.50 |HP 14x8 = ||Grade 50 = | Longitudinal || None =] -10.00|Bearing || 340
Pile16 |-10.00| 4.50 |HP 14x& = | Grade 50 = | Longitudinal || Mone x| -10.00|Bearing =] 340 -
q 1 3
l MHew l l Duplicate ] l Delete ]
[ 0K ] [ Lpply ] [ Cancel ]

There is no additional information to enter so click the OK button. Do not click the Cancel button as that will cause

the creation of the new foundation alternative to be canceled.
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Solid Shaft Pier Example

Open the Foundation Geometry window.

M Foundation Geometry - Pile Footing

Battorn of Shaft

Elevasan
E lee. 007
&
.t

Elevation Yiew

Our bottom of footing elevation is zero feet.

Last Modified: 7/15/2016

Fier Lonaitudinal Asis
Shaft Longitudinal Asiz

T

Pier Transverse Azis
Shaft Trangverse Axis

————— o LG

STA AHEAD
|_ 1"':

l
23060 i 1

Plan Wigw

ak,

Apply

] [ Cancel

Click the OK button to save this data to memory.
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Solid Shaft Pier Example

Enter the following reinforcement for the footing.

-

% Foundation Reinforcement - Pier1 - Hammerhead - Columnl - Pile Footing

(=]l E =]

Top Longitudinal Reinforcement

Bar size; |3 e Mumber:
Hooked
Fully developed
Battom Longitudinal B einfarcement
Bar size: |9 T M urnber:

Hooked
Fully developed

Direction of topmost rebar: Longitudinal -
Direction of battormast rebar, | Longitudingl -

Top bar clear cover:

3.000

Bottam bar clear cover. =000

in End cover: 4000 in

in I aterial | Grade 60 - |

Top Tranzverse Reinforcement

Bar size: |9 e

Hooked

Fully developed

Bottom Transverse Reinforcement

Bar size: |9 -

Hooked

Fully developed

Mumber; 46.00
Nurber:  46.00
k. | [ Apply ] | Cancel

-

Last Modified: 7/15/2016
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Solid Shaft Pier Example

Pier 3D Schematic

We can now view the 3D schematic of the pier alternative. Select the name of our pier alternative in the bridge
workspace tree. The 3D schematic can then be accessed by the “3D” button on the BrD Substructure toolbar shown

below.

Bridge Workspace - LRFD Substructure Example 4 EI@

= 4% LRFD Substructure Example 4
- [ Materials

- [ Beam Shapes

£

[

i (L Appurtenances

i [ Connectors

------- (L1 Diaphragm Definitions

....... [C1 Lateral Bracing Definitions

------- j Impact / Dynamic Load Allowance
------- HFF LRFD Multiple Presence Factors
- I:l Factors

[ [ LRFD Substructure Design Settings
------- ES Environmental Conditions

=1

....... OF  Design Parameters
= [ SUPERSTRUCTURE DEFIMITIONS
----- b Superstructure 1
= [0 BRIDGE ALTERMATIVES
..... &My FHWA Alt1 (E) [C)
[T .Y Training Alt
..... [C SUPERSTRUCTURES
b 4 Stiffness Analysis
- (3 PIERS
o TT Pierl
= (L1 PIER ALTERNATIVES
R 34 Hammerhesd (E) ()
Bl Default Materials
e TL Geometry
[ w Cap
. B Columnl
. o Superstructure Loads
- Superstructure Environmental Loads
-+ Substructure Loads

Preliminary v“lﬁi Y L ¥ [E

This 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. Select F1 to open the BrD help topic for this window to review the features

available in this schematic window.
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Solid Shaft Pier Example

1erl - Hammerhead - Pier Alternative chematic
™ Pierl-H head - Pier Alt ive 30 Sch i =]
v wfEEE QAL e R E W
G5
Superstructure Reference Ling G4 T - . Fier Longiudinal Asis
e T« . Station Ahead T -7
. - 1.:_ .
G2
1
<;It’s a good idea to view
the Isometric View in the
—_ schematic to be sure that your
girders are sitting on your
R
Ilat
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Solid Shaft Pier Example

Validating a Pier Alternative
Another useful feature is to validate your pier alternative once you have the geometry defined. This will alert you to
any missing or incorrect data in your pier description. You can access the validation feature from the right-click

menu available when your pier alternative is selected in the bridge workspace tree.

-

Eridge Workspace - LRFD Substructure Example 4 EI@
= M LRFD Substructure Example 4
- [ Materials
- ] Beam Shapes
- [ Appurtenances
- [ Connectors

....... ([ Diaphragm Definitions Expand Branch
....... (L] Lateral Bracing Definitions

Coll Branch
""""" =1 Impact / Dynamic Load Allowance cllapse Branc

------- MFF LRFD Multiple Presence Factors Open
- [ Factors Copy
[ [ LRFD Substructure Design Settings

------- EC Envirenmental Conditions Delete

....... oF Design Parameters Validate
=[] SUPERSTRUCTURE DEFINITIONS 3D Schematic

----- b Superstructure 1
- ] BRIDGE ALTERNATIVES

Generate Model

: Load
----- D FHWA Alt1 () (O) oacs
= ¢ Training Alt Analyze

----- ([ SUPERSTRUCTURES Spec Check

------- T Stiffness Analysis View Results Y

= [ PIERS

& TT Pierl General Preferences
= (L3 PIER ALTERNATIV Close Bridge Workspace

SR 24 Hommerhead () 1)

....... &1 Default Materials

....... T Geometry

- w Cap

e B Columnl

....... =& Superstructure Loads

------- = Superstructure Environmental Loads
....... ++ Substructure Loads

This opens a window which contains warnings and errors if your pier alternative description is in error or missing

data.
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Solid Shaft Pier Example

Pier Analysis and Specification Checks

We are now ready to analyze our pier. Select the ‘Spec Check’ toolbar button from the BrD Substructure toolbar.

Preliminany v|| M L @ _

The superstructure will first be analyzed to determine the superstructure dead load reactions. The remaining loads
acting on the pier (such as live load, wind, etc.) are computed and applied to the pier finite element analysis. Load
combinations are generated and then the specification checks are processed.

The Substructure Analysis Progress dialog will open as shown below.

Substructure Analysis Progress

- Location - 13.5000 [fi] =
- Location - 23.2500 [ft]

- Location - 33.0000 [fi]

- Location - 42.7500 [ft]

- Location - 43.5312 [fi]

- Location - 43.7675 [ft]

- Location - 46.5000 [fi]

- Location - 5.3397 [fi]

- Location - 41.1042 [fi]
-Component 2 of 3-Columnl

- Location - 0.0000 [fi]
- Location - 15.0000 [fi) @
-Component 3 of 3- Columnl:Pile Footing g . .
- Location - Pile Footing Review this log
- 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.
WWriting Specification Check results.
Completed.

file for errors and

warnings.

m

Substructure specification check successfully completed!

Pt || oK

©

¥ If the FE analysis results do not exist on your hard drive when you select to do a Spec
Check, BrD will perform the FE analysis automatically. The next time you want to do a Spec
Check BrD will use the existing FE analysis results. This allows you to quickly fine tune your
reinforcement and geometry without re-doing the FE analysis every time. Once you find
reinforcement and geometry that satisfies the spec checks you can do a final FE analysis and

then spec check.
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Solid Shaft Pier Example

Specification Checking

The specification checks can be viewed by selecting the “Spec Check Detail” button.

IPTE“I’I‘IiI’Iﬂ[‘y" v“ LA Ll @ B B &

BrD performs spec checks at each node in the finite element model along with locations where the reinforcement is

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

M Specification Checks for Harmmerhead - 12 of 273 EI@
=+{3 Pier Component Specification Reference Limit State Flex. Sense Pass/Fail
EI'DSP 0.00 v 5.10.8 Shrinkage and Temperature Reinforcement N/A Passed
D 2‘?3 ﬁ;. 5.4.2.5 Poisson's Ratio N/A General Comp.
D 2‘9? ﬂ:l 5.4.2.6 Modulus of Rupture N/A General Comp.
@ 3‘?5 f-tl 5.5.4.2 Strength Limit State - Resistance Factors N/A General Comp.
W 5‘34 ﬁ:. 5.1.2.2 Rectangular Stress Distribution N/A General Comp.
3 1350 . »5.7.3.2 Flexural Resistance (Reinforced Concrete) N/A Failed
{23 15.50ft. +" 5.7.3.3.2 Minimum Reinforcement N/A Passed
W] 2325 4t Ml45.7.3.4 Control of Cracking by Distribution of Reinforcement N/A Not Required
-0 3100 . + 57.34(a) Longitudinal Skin Reinforcement N/A Passed
-3 33.00f%t +" 5.8.21 Torsion N/A Passed
-0 4110 f. Cracked_Moment_of_Inertia Section Property Calculations Positive Flexure General Comp.
- 4275 Cracked_Moment_of_Inertia Section Property Calculations Megative Flexure General Comp.
-0 4353 ft
- 43771
-0 46.50 ft.
=23 Columnl
L0 000
LC3 1500 fr.
=] Columnl:Pile Footing
.17 Pile Footing
..{_7] Footing Longitudinal Moment Section
{21 Footing Transverse Moment Section
{21 Footing Longitudinal Shear Section
..{_7] Footing Transverse Shear Section
{21 Column Punching Shear Section
{27 Pile Punching Shear Section

Last Modified: 7/15/2016
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Solid Shaft Pier Example

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:

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.)

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.

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

The LL load combination is shown in this column. If the location is not at a node in the FE model (eg, 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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Solid Shaft Pier Example

Spec Check Detail for 5.7.3.2 Flexural Resistance (Reinforced Concrete)

Concrete Structures

7 Material Properties

7.3 Flexural Members

7.3.2 Flexural Resistance

{ARSHTO LRFD Bridge Design Specifications, Fifth Edition - 2010, with 2010 interims)

5

=
5.
5.

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

Cross Section Properties

Depth = 132.00(in)
Width =  60.00({in)

Brea = 7920.00(in"2)

Flexural Reinforcement

B3 Dist. From
Bottom
{in~2) (in)
15.60 128.17
15.60 123.76
3.85 73.30

f'c = 4.00 ksi

Hote: If the capacity has been overridden, the Resistance i3 computed as override phi*owverride capacity.
Otherwise the Resistance is computed as per the Specification.

—— Override — Mr=
Limit State Load Mu Phi Mn Phi Mn Phi * Mn
Combination kip-ft kip-ft kip-ft kip-fc

STR-I 265 -24697.30 0.900 -20189.639 == == -18170.72
S5TR-I 3 1481 -44513.63 0.900 -20189.69 = == -18170.72

Pier Cap Section - At Location = 23.2500 (ft) - Right l
1

Cross Section Properties

Depth = 132.00(in)
Width =  §0.00({in)

BRrea = 7920.00{in"2)

Flexural Reinforcement

k= Dist. From

q | 1

»

m
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