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Pier5-Substructure Pier Cap Rating

This tutorial demonstrates how to input the following hammerhead pier substructure in AASHTOWare BrDR and

shows the steps to evaluate a load rating for the pier cap.
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BrDR Tutorial

Connect to the sample database and from the Bridge Explorer create a copy of the LRFD Substructure Example 4
bridge. Select the bridge in the bridge explorer table and use the Copy button in the BRIDGE ribbon to create a copy.
Then select the Paste button in the same ribbon to duplicate the bridge. Rename the new bridge as shown below.

Select OK to close the copy bridge window and create a new bridge.
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r 5 T8 Batch E:L wj
New Open Find| Copy | Paste fcopy Delete
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Open the new bridge. Find the copied bridge in the bridge

explorer table and double click to open the bridge

workspace.
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BRIDGE ALTERNATIVE

Define a new bridge alternative under the BRIDGE ALTERNATIVES folder in the bridge workspace tree. Input

the following data in the bridge alternative window and select Apply to save the data and keep the window open.

Bridge Alternative = O *

Alternative name: Bridge Alternative
Description ubstructures

Description:

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

Bridge alignment

Superstructure

. Cubvert wizard...
wizard...

OK Apply Cancel
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Inside the Bridge Alternative window, use the Superstructure wizard to finish defining the bridge alternative.
Within the Superstructure Wizard window, select the Generate names buttons to automatically label the

superstructure and superstructure alternatives. Select OK to close both windows.

Eridge Alternative

= ] X

u Superstructure Wizard = (] >
Alternative name: Bridge Alternative

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.

Description Substructures

Description:

MNumber of superstructures 1 C

Prefix to use when generating names

Haorizontal curvature Superstructure prefic Superstructure % 2

Reference line length: 240 ft Superstructure alternative prefix:  Superstructure Alt % 3
o Start bearing End bearing
Starting station: 0 ft Superstructure Distance Superstructure alternative Superstructure
name (ft) name definition
Bearing: ~ 0" 0.00"
g Ne0" 0'0007E > Superstructure 1 Superstructure Alt 1 Superstructur...
Bridge alignment
Substructure units
First unit type: Abutment w
Last unit type:  Abutment e
5 QK Cancel
upe.rstructure Culvert wizard...
wizard...

QK Apply Cancel

The bridge workspace tree will now show the new bridge alternative with an assigned superstructure definition and a
pier definition.

Ié}-- ERIDGE ALTERMATIVES
iﬂ FHWA Alt 1 (E) (C)
é}.ﬂ Bridge Alternative
SUPERSTRUCTURES
I_;}--ﬂ Superstructure 1
él-- SUPERSTRUCTURE ALTERNATIVES
IH Superstructure Alt 1 (E) (C} (Superstructure 1}
} I Stiffness Analysis
& i PIERS
=TT Pier 1
L PIER ALTERMNATIVES
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Pier

Open the Pier definition window by double clicking the Pier 1 node in the bridge workspace tree. The option to
Include in structure load rating indicates whether the program should consider the pier cap rating in the structure
load rating when evaluated from the bridge explorer and whether to consider the pier cap rating when the bridge is
rated within the bridge workspace. Input the finished groundline elevation and select Include in structure load

rating. Click OK to save the data and close the window.

A Pier = [m] X
Pier name:
Description Stream flow
Pier skew angle
Description:
o Input skew angle Skew angle: 0 Degrees P
Input bearing angle
Firished groundline elevation: 3.3 ft
Soil density: ket Include in structure load rating
Superstructure longitudinal direction
Pier location relative to bridge alternative
Station: Offset:
Computed pier location relative to structure Computed pier coordinates
Station: X
Offset: Y:
Existing Current Pier alternative name Description
Q0K Apply Cancel
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Pier Alternative

Create a new pier alternative in the PIER ALTERNATIVES folder under the Pier 1 node in the bridge workspace
tree. The Frame pier, Solid shaft pier, and Pile bent pier substructure types support pier cap load rating when they

are not integral with the superstructure.

ﬂ MNew Pier Alternative *
Frame pier Solid shaft pier Wall pier Pile bent pier
Or associate with:  -- None -- w
Next » Cancel
ﬂ MNew Pier Alternative X
Type
MNarme: Hammerhead 3i£|i
Description:
Units: US Customary e
< Back Finish Cancel

Select Finish to create the new pier alternative. This will open the Pier Alternative window. Update the data in the
Factors and Control Options tabs before selecting OK to close the window as shown in the following screenshots.
NOTE: The AASHTO MBE does not specify system redundancy factors for substructures. These must be input by

the user to evaluate the pier cap load rating.
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4 Pier Alternative - Pier 1 - Hammerhead Pier - a
Name: |—a|*1n'erheac Pier Type: RC SolidShaft Pier
Associate with: -~ Mone -- W
Description Specs Factors Stiffness LRFD reports
Description: Units: US Customary h
Default rating method:  LRFR v
LRFD substructure
Preliminary
Default design settings:
Querride default
Design settings:
Final mode
Default design settings:
Querride default
Design settings:
Advanced DLA...
OK Apply Cancel
4 Pier Alternative - Pier 1 - Hammerhead Pier - m}
MName: |—3mn*erheac Pier Type: RC SolidShaft Pier
Associate with: -~ Mone -- v
D tion Specs Factors Co Stiffness
LRFR
Condition factor:  Good or Satisfactory w
Field measured section properties
Flexure and axial: 0.9
Shear 1
OK Apply Cancel
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D Pier Alternative - Pier 1 - Hammerhead Pier - o x
Mame: Hammerhead Pier Type: RC SolidShaft Pier
Assaciate with: - None - v
Description  Specs  Factors | Control options | Stiffness  LRFD reports
LRFD LRFR
Points of interest Points of interest
nerate at tenth points except supports Generate at tenth points except supports
Generate at support points Generate at support points
B Generate at support face & critical shear points Generate at support face & crifical shear points
Generate at section change points Generate at section change paints
Generate at user-defined points Generate at user-defined points
B Generate ot beam reaction pints Generate at beam reaction points
Shear computation methad Shear computation method
Ignore Ignere
Q General procedure Q General procedure
General procedure - Appendix BS General procedure - Appendix B
Simplified procedure Simplified procedure
Consider inclined flexural forces Ignore design & legal load shear
Allow negative epsilon in general shear methad Ignore permit load shear

Ignore tension in long. reinf. due to shear

Consider permit load tensile steel stress

Consider inclined flexural forces

Allow negative epsilon in general shear method

ok Apply Cancel

Geometry

Input dimensions in the Geometry window to locate the pier relative to the superstructure reference line.

2 Pier Geometry - Pier 1 - Hammerhead Pier = a *

I
« Superstructure

Distance from left end of cap to :reference line

sf‘uperstructure reference line J'

VA

vV
I Elevation view
L

Distance from left end of cap to -

2325
superstructure reference line: - ft
Distance from left end of cap to 2325 &
centerline of column:

Distance from centerline of 2335 &

calumn to right end of cap:

oK Apply Cancel
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Cap
Select the Cap node in the bridge workspace tree to open the Cap Properties window. Input the cap exposure factor

and define the following data for the pedestals which support the superstructure girders. Select OK to save and close

the window.
% Cap Properties - Pier 1 - Hammerhead Pier = ] *
Description Additional loads
Cap type: Cap top configuration:
Pedestals Exposure factor: 1 Cap material: Class A (US) ~
Description:
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 a0 29.916567 2 2.5
G2 120 a0 29.916567 2 2.5
G3 120 a0 29.916867 2 2.5
4 120 a0 29.916867 2 2.5
¥ G5 120 a0 200916567 2 25
OK Apply Cancel
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Cap Components

In the Cap Components window, select the Sloped cantilever geometry for both the left and right cantilevers.

% Cap Components - Pier 1 - Hammerhead Pier

Cap type 0 Beamn

Cap left cantilever Cap right cantilever

1

4
¥

Straight cantilever

1

Sloped cantilever

OK

Apply

O

Cancel

x

Last Modified: 8/13/2026
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Cap Geometry
Define the following dimensions for the pier cap in the Cap Geometry window. The cap length is computed based

on the dimensions input in the Geometry window. Verify the correct length is shown.

£ Cap Geometry - Pier 1 - Hammerhead Pier = O x
1 Superstructure
: reference line
Ahead span i
Clpi !
e bmmemem e ICap width

T Back span Plan view
I"-’—. L

Sta ahead

o Cap length .
Left elevation __* » Right elevation

D2 D2
v D3 Elevation view D3
IT_. L
Cap width: 5 ft Dimension
Locati Cantilever Elevation ()
Cap length: Tl type ift)
D1 D2 D3
> Sloped 29.5 5 6 15.5
Right Sloped 285 5 [+] 15.5
oK Apply Cancel
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Cap Shear Reinforcement Definition

Add the following shear stirrup definition to the cap Shear Reinforcement Definitions folder.

Cap Shear Reinforcement Definition - Pier 1 - Hammerhead Pier — O X
Mame: Mo, 5 Stirrup
Material: Grade 60 e
Bar size: 5 W
Number of legs: 4
Inclination (alpha): 90 Degrees
/ ]
h. A
QK Apply Cancel

Cap Reinforcement

Define the cap reinforcement in the Reinforcement window. Input the following data for the longitudinal skin and
primary flexural reinforcement under the Flexural tab.

Cap Reinforcement - Pier 1 - Hammerhead Pier - [m] *
Pier cap length:
Flexural | Left cantilever shear  Right cantilever shear
Longitudinal skin
Barsize: & - Barspacing: & in Barmaterial: Grade 60 v stirup clear cover: 23 in
Primary flexural
Reinforcement input method
O Simplified cbvanced Reirforcement follows cap profile Full length bar edge distance: #*
Measure Ex i S | S| BE o | et | Baeam | o | 02| B
Set . cover | Barsize  Number Material Measure from distence | length  distance o i s - at at
i (in) ) ®) ") sart  end
1 T ~ 3125 11~ 10| Grade 60 | leftedgeofcap 025 46 4625
R ™ v 7535 11 v v | Leftedgeofcap v 025 46 4625
>3 Bottem v 315 8 v v | Leftedgeof cap 023 46 4625
New Duplicate Delete
oK Apply Cancel
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Input the shear stirrup reinforcement data under the Left cantilever shear and Right cantilever shear tabs as shown

below.
A\ Cap Reinforcement - Pier 1 - Hammerhead Pier - a X
Pier cap length:
Flewwral | Left canfilever shear  Right cantilever shear
Cantilever length from column face:
Column width/diameter
Sta End
Vertical shear Measure from | Direction | Spacing type | distance \UMPST  Spacing  length | L
T of spaces {in) it
) #)
> MoSStrup | leftedgecfcap v Right v  Acual v 0 31 9 225 2325
Copy to right cantilever New Duplicate Delete
Shear wizard
oK Apoly Cancel
1 - Hami = a X
Pier cap length:
Fleswral  Lefecantilever shear  Right cantilever shear
Cantilever length from column face:
Column width/iameter:
Start End
e Measure from T | Gedimane | e | ool | SRRy oo | e
reinforcement P ) ") =
> MNoSStrup v | Rightedgeofcap ~ left ~ Actuzl v 0 0 9 25 25
Copy 1o left cantilever New Duplicate Delete
Shear wizard
oK Apply Cancel
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Column

Open the Column Properties window by double clicking on the Column1 node in the bridge workspace tree. Input

the column exposure factor.

Column Properties - Pier 1 - Hammerhead Pier — | *
Marme Column]
Description:
Description Additional loads
Existing Current Foundaticn alternative name | Description

Exposure factor; 1

OK Apply Cancel

Last Modified: 8/13/2026 15
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Column Components

Define the column section type and variation type in the Column Components window.

Segment Material

> 1 Class A (US)

MNumber of cross-section segments for column:

Segment vary

MNane

Column Compenents - Pier 1 - Hammerhead Pier - Column

b

Cross-section type

Rectangular

OK

= O
ry
Segment 1
A&
F Y
Segment 2
h &
Apply Cancel

Last Modified: 8/13/2026
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Column Geometry
Define the column dimensions and top and bottom elevations for each column segment in the Column Geometry

window. The grid will show a row for each column segment and cross section type defined in the previous window.

Column Geometry - Pier 1 - Hammerhead Pier - Column e m} X

Pier transverse axis
Column transverse axis

Pier longitudinal axis '
Column longitudinal axis

T Sta ahead Plan view
Vo, L

Dimension
Elevation I#t)

Segment = Segment vary Cross-section type Location )

o1 D2 D3 D4 D5 D6

1 None |:| Rectangular Top 185 155 45

> - 5 ms e e

QK Apply Cancel
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Column Flexural Reinforcement Definition

Define a column flexural reinforcement definition in the Flexural Reinforcement Definitions folder for Columnl1 in
the bridge workspace tree. Use the Generate pattern button to generate the definition. Select OK in the Generate
Pattern Wizard window to generate the rebar pattern and OK in the Column Flexural Reinforcement Definition

window to save the pattern.

Column Flexural Reinforcement Definition - Pier 1 - Hammerhead Pier - Column| — [m] *
Name:
+Y
4 Bundle bars
: ----- ;- T 7| B Generate Pattern Wizard = O X
! i
I ' Pattern name: 76 No. 10 Bars Bundle type Bar size: 10 v
R L. .
1 J Column segment: 1 ~ o Single Material: Grade 60 o
! ! 2 Parallel . . )
1 + et T 3
\ : Segment cross section: |:| Reclangular 2 Perpendicular lear cover: n
it S Top / battorn 3 Bar Transverse number of bars: 9
T T Overall 1. it Longitudinal number of bars: 31
S1a ahead Uvera ans. widtn:
\ L Overall long. width:
oK Cancel
OK Apply Cancel
£ Column Flexural Reinforcement Definition - Pier 1 - Hammerhead Pier - Column — O *
Mame: 76 No. 10 Bars
+Y
4 Bundle bars
I===== fm————— ] B
| ar ) X Y
I X 1 Bar cize Material (in) (in)
! 1 I a
I f 1 +X 1 10 ~ | Grade 60 e -59.365 -23.365 I
I
i Lo-ee- ‘l- - 2 10 v | Gradef0 v | -8z24073333 ) -23365
| ! I 3 10 b w1 -TT.4406667 -23.365
I ! 1
| | I 4 m v e -71.402 0 -23.365
T 5 10~ | Grade 60 v | 655343333 -23.365
T T 6 10 ~ | Grade 60 ~ | -38.5766667 -23.365
Sta ahead 7 10 v | Grade#0 v 53619 -23.365
v L 8 10 ~ | Grade 60 ~ | -47.6613333 -23.365
a in e ~rada AN i -A1 TN2RARRT -T2 2RE v
Generate pattern New Duplicate Delete
OK Apply Cancel
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View the Column Reinforcement Definition schematic to verify the generated rebar pattern. To open the schematic,
select the column reinforcement definition in the bridge workspace tree. Then click on the Schematic button under

the workspace tab of the top ribbon.

: ANALYSIS SUBSTRUCTURE REPORTS
BRIDGE WORKSPACE ‘WORKSPACE TOOLS VIEW HELP DESIGN/RATE DESIGN REPORTING
™ P = —
X A Q [J ‘& | m
Close Export Refresh Open Copy Duplicate Delete | Schematic
Eridge Manage 2
Report
Workspace & X Schematic
Bridge Components
--ﬂFHWAA\n [ 0 -
éuﬂ'-h Eridge Alternative
-- SUPERSTRUCTURES
- Stiffness Analysis
é-- PIERS
é--ﬂ' Pier 1
I_l_|- PIER ALTERNATIVES
& TT Hammerhead Pier 8 (€
I.I Default Materials
---ﬁGeumetry
[+ WP Cap
=2 l Column1
l EI Companents
l _{ Geometry
Flexural Reinforcement Definitions
(B 76 No. 10 Bars [ L
Column Reinfercement Definition —0X
iy — o
@ E & E{"'l—! 82%
Pier 1 - Hammerhead Pier
Column1
76 No. 10 Bars
L . . - - - . L] L . . . L L L] - . - . - - . L . . - - - L) -
- L
L L
- "x
- -
. .
- -
B ® 3 8 % % ® ¥ ¥ 3 8 B B B ¥ S OB OB B B & ¥ % B ¥ 8 5 ¥ ® » »
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Column Shear Reinforcement Definition
Define a column shear reinforcement definition in the Shear Reinforcement Definitions folder for Column1 in the

bridge workspace tree.

Caolumn Shear Reinforcement Definition - Pier 1 - Hammerhead Pier - Column = (] X

Name: Column Shear Ties

Reinforcement type

o Ties Spirals Spirals designed as ties Hoops Hoops with lap splice
Material: Grade 60 W
Bar size! 4 v

Transverse number of legs: 2

Longitudinal number of legs: 2

0K Apply Cancel
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Column Reinforcement

Assign the column flexural and shear reinforcement definitions to the column in the Reinforcement window.
Distances are measured from the bottom of the column. A negative start distance indicates the rebar extends below
the bottom of the column into the substructure footing. NOTE: The window includes validation to check that the rebar
is located within the substructure. The rebar extending into the footing will have a validation warning when saving
the window because the footing is not yet defined. After inputting the footing geometry, the validation will pass. Select

Yes to acknowledge the warning and save the reinforcement as input.

Last Modified: 8/13/2026

21

Column Reinforcement - Pier 1 - Hamme: = m] #
Column height:
Flexural Shear
Data entry method
o Distance Control point
.Start S .End Hook at Hook at Developed Developed = Follows == =
Set distance = length | distance Pattern i end — S rofile at at
(7 i) i : . stat | end
> 1 -3 21 18| 76 Mo. 10Bars ™
New Duplicate Delete
QK Apply Cancel
& Column Reinforcement - Pier 1 - Hammerhead Pier - Column1 — ] #
Column height:
Flexural Shear
Shear reinforcement type
o Ties Spirals Spirals designed as ties Hoops Hoops with lap splice
Shear Start Number Spacin Length End
Range reinforcement Measure from Directicn Spacing type distance of p{in) 9 (ﬂgj distance
definition () spaces (ft)
> 1 Column Shear Ties *  Bottom of column >~ Up ~ | Actual V -3 20 12 20 17
——————————————————I
I EB Eridge Design & Rating - [m] 4
Flexural reinforcement Set 1 extends below the bottom of column, :
Flex. reinf, Set 1: Rebar 1 with coordinates (-89.37, -23.36) in is outside the footing at elevation 0.50 ft. I
Flex. reinf. Set 1: Rebar 2 with coordinates (-83.41, -23.36) in is outside the footing at elevation 0.50 ft.
Flex. reinf. Set 1: Rebar 3 with coordinates (-77.45, -23.36) in is outside the footing at elevation 0.50 ft. I Delete
Flex. reinf, Set 1: Rebar 4 with coordinates (-71.49, -23.36) in is outside the focting at elevation 0.50 ft.
Flex. reinf. Set 1: Rebar 5 with coordinates (-65.53, -23.36) in is outside the footing at elevation 0.50 ft. v
I Ves Mo I Cancel

—_—————————————————17
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Column Foundation Alternative

Create a new Pile footing foundation alternative under the FOUNDATION ALTERNATIVES folder for Columnl

in the bridge workspace tree.

# New Foundation Alternative W X
Spread footing Pile footing
Mext > Cancel Help

B X
Type
Mame Foundation
Description:
Units: US Customary v
Footing width: 12 ft Footing thickness: 3.5 ft
Footing length: 23 ft
Footing material: Class A (US) e

Piles

Pile material: Steel Pile W

Pile type: Rolled H Shape ~

Pile pattern: 5 7 Across Pile edge distance: 15 ft

4 C Down Steel shape: HP 14x89 e

Pile embedment depth: 1 ft Steel material: Grade 50 e

Bottom of pile elevation: -10 ft Factored comp. resistance: 400 kip

Point of fixity elevation:  -10 ft Factored tension resistance: kip

< Back Finish Cancel Help
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Foundation Properties window. Enter the footing exposure factor.

Selecting Finish on the New Foundation Alternative Wizard window will create the new pile footing and open the

Foundation Properties - Pier 1 - Hammerhead Pier - Column1 - Foundation
Name: Foundation Foundation type:  Pile Foundation
Description Additional Loads Soi Piles
Description: Units: g Customary o
Footing

Footing material:

Exposure factor: 1

Class A (US)

Foundation seal

Foundation seal

Width:
Length:

Bottom elevation:

Material:

oK Apply Cancel
Column Foundation Reinforcement
Define the reinforcement for the column footing in the Reinforcement window.
Foundation Reinforcement - - Pier 1 - Hammerhead Pier - Column1 - Foundation - x
Direction of topmost rebar: Longitudinal Top bar clear cover: 2 in End cover: 2 in
Direction of bottormost rebar:  Longitudinal ~ Bottom bar clear cover: 3 in  Material: Grade 60 e
Top longitudinal reinforcement Top transverse reinforcement
Bar size: 9 v Number: 24 Bar size: 9 v Number: 46
Hooked Headed Hooked Headed
Fully developed Fully developed
Bottom longitudinal reinforcement Bottom tranverse reinforcement
Bar size: 9 v Number: 24 Bar size: 9 v Number: 46
Hooked Headed Hooked Headed
Fully developed Fully developed
OK Apply Cancel

Last Modified: 8/13/2026
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Pier Alternative Stiffness

Return to the pier alternative window to complete the input for the pier stiffness properties. The stiffness properties

are computed based on the pier geometry. After inputting the analysis method, unbraced lengths, sidesway types and

effective length factors, select Compute slenderness ratio if the computed values do not match those shown below.

£ Pier Alternative - Pier 1 - Hammerhead Pier

Mame: Hammerhead Pier Type:
Associate with:  -- Mone -- v
Description Specs Factars Control options Stiffness

Analysis method
Compute

slenderness ratic Method: First Order Elastic w/Maoment Mag

Pier longitudinal axis

Sidesway
Braced o Unbraced Unbraced length: 26

Slenderness results

Moment of inertia:

Braced o Unbraced Unbraced length: 26

Slenderness results

Moment of inertia:

RC SolidShaft Pier

LRFD reports

ft

ft

- O *
Effective length factor, K 2.1
Radius of gyration:
Effective length factor, K2 2.1
Radius of gyration:
OK Apply Canicel
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3D Schematic

View the 3D schematic for the substructure to verify the inputs. Select the Hammerhead Pier (Pier Alternative) node
in the bridge workspace tree to enable the 3D Schematic button in the top ribbon under the Analysis DESIGN/RATE
tab. The schematic opens with the solid section model. Note: Both the ANALYSIS and SUBSTRUCTURE DESIGN
tabs of the bridge workspace ribbon include a button for the 3D Schematic. The geometric representation of the
substructure is the same for both schematics. The difference is the schematic in the substructure design tab displays
the LRFD design review analysis results while the schematic in the analysis design/rate tab displays the LRFR load

rating analysis results.

: ANALYSIS SUBSTRUCTURE REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE DESIGN REPORTING
P -
@@ v Ba|x
Analysis Tabular Engine Results ED]
Settings Results Outputs Graph Schematic
Analysis Results Schematics
Report 2
Workspace # X | Schematic
Bridge Companents
5 £D LRFR Pier Cap Rating
#+ 1 Components
} . Diaphragm Definitions
} Lateral Bracing Definitions
|-+ weF LRFD Multiple Presence Factors
| & Environmental Conditions
} DP Design Parameters
- SUPERSTRUCTURE DEFINITIONS
él- ERIDGE ALTERNATIVES
ARy FHWA Al T(E) (C)
I_l_l oy Eridge Alternative
SUPERSTRUCTURES
} 1 Stiffness Analysis
S PIERS
& TT Pier 1
!
E PIER ALTERNATIVES
§ 34 Hammerhead Pier (E) (C) 1
Analysis
30 Schematic - Hammerhead Pier - Rating -0x
Pt e @O Q) Linear
Sation Abwed
Pl Lovesg el Sixbe
v
L L
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To view the substructure mild steel reinforcement in the schematic, open the View Properties window by selecting
the gear icon in the 3D Schematic window ribbon. Unselect Solid model so the rebar inside the pier can be seen. And

in the Reinforcement tab, select all reinforcement to be included in the schematic.

3D Schematic - Hammerhead Pier - Rating

Tt b e (@ Linea w
Suplmnl_l;d BB View Properties = [m] X
General Reinforcement Labels Dimensions Scales
—
— oied =
B view Properties - a ® D . H
Solid model i
Ganesal i sbele Dimenzicne  Seale:
' u Wire frame

Reinforcement Finished groundline

& oo Fenurs M Blue

Bl Cap chear Wz

B cohumn flewral M Red

B cotumn shear W Fed

Foating transverse M Green -

B Fosting langitudinal M Green

Crilled shaft flexura M Green

B Cried shaft shear M Green -

Select All Clear A
oK Apply Cancel
CK Apply Cancel

AL = X =
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3D Schematic - Hammerhead Pier - Rating
(et e @O Q) Lnear v

SuhMNlemﬂn
e Station Ahead Pier Longitudins| Ads

This completes the data entry for the pier substructure. Now is a good time to save the bridge model.
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LRFR Analysis

The pier cap can now be analyzed. To perform an LRFR rating, select the Analysis Settings button on the Analysis
group of the DESIGN/RATE ribbon. The window shown below opens.

] AMNALYSIS SUBSTRUCTURE REPORTS  Bridge Workspace - LRFR Pier Cap Rating
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE DESIGN REPORTING
45 = ] 3D
2 iz il K
Analysis Tabular Engine Results 3D
Settings Results Cutputs Graph Schematic
Analysis Results Schematics
Open the LRFR Design Load Rating template as shown below.
Analysis Settings = a x
Design review o Rating Rating methad: LRFR v
Analysis type: Line Girder v
Apply preference setting:  Mone ~
Vehicles Qutput Engine Description
Traffic direction:  Both directions - Refresh Temporary vehicles Advanced
Vehicle selection Vehicle summary
- Vehicles H &- Rating vehicles
& Standard - LRFR
- EV2 - Design load rating
- EV3 - Inventory
1
o H 15-44 addte || HL-93 {US)
- H 20-44 -~ Operating
1
W3Sy HL-93 (US)
- HL-93 (Us) - Fatigue
- HS 15-44 . LRFD Fatigue Truck (US)
- HS 20 (8l) Rernove from = Legal load rating
} HS 20-44 | ----- Routine
} Lane-Type Legal Load < ] - Specialized hauling
- LRFD Fatigue Truck (5) ... Permit load rating
- LRFD Fatigue Truck (US)
-~ Type 3 v
Reset Clear Cpen template Save template QK Apply Cancel
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Click the Advanced button to review the substructure loading options which define how the vehicles are applied to

the superstructure to compute the loads transferred to the substructure.

Analysis Settings — O X

Design review o Rating Rating method: LRFR w

Analysis type: Line Girder ~
Apply preference setting:  Mone b

Vehicles Qutput Engine Description

Traffic direction:  Both directions R Refresh Temporary vehicles Advanced

Vehicle selection Vehicle summary

E--Vehicles = hn =
f_]... Standard &y Vehicle Properties — O e

- EV2

- EV3
l....H 15-44 Transverse loading

Superstructure analy: I Substructure analysis I

- H 20-44 Vehicle increment in lane: 2 ft

- HL-93 (])
Lane increment: 4 ft
|- HL-03 (us)

o HE 1544 Mave vehicle left to right across travelway
- HS 20 (51) Mave vehicle right to left across travelway
- H5 20-44

- Lane-Type Legal Load

- LRFD Fatigue Truck (5}

- LRFD Fatigue Truck (US)

-+ WRL

- 54

- 5U3

- SUB

- SUT

QK Cancel

- Type 3 v

Reset Clear Cpen template Save template 0K Apply Cancel

Select the Hammerhead Pier pier alternative in the bridge workspace tree. Next click the Analyze button on the

Analysis group of the DESIGN/RATE ribbon to perform the rating.

R AMALYSIS

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE

=< | B S il L

Analysigl Analyze f| Tabular Engine Results 3D
Setting: Results Cutputs Graph Schematic
Analysis Results Schematics
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Tabular Results

When the rating is finished, results can be reviewed by clicking the Tabular Results button on the Results group of

the ribbon.
R ANALYSIS
ERIDGE WCORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE
et — =h
&2 Ss|IBlVv & 4da [F &
Analysis Analyzel Tabular [Epecification Engine Results Analysis 3D
Settings Results fCheck Detall Outputs Graph Report | Schematic
Analysis Results Schematics

The Analysis Results window shown below will open. The Report type dropdown has options for dead load actions,

live load actions, and the rating summary, similar to the results window for a superstructure member.

BB Analysis Results - Cap = O
=)
Print
Prin

Report type: Lane/Impact loading type Display format Rating display type Action

Rating Summary v o As requested Detailed Single rating level per row A4 Live load type v Critica ~
Safe posting
Live load D o Rating method g || G load Rating factor | Component Locaticn Limit state Impact Lane
type level (Ton) (ft)
(Ton)

HL-93 (US) Truck + Lane LRFR | Inventory 50.70 1.408 Cap 33,000 | STRENGTH-I - Concrete Shear | As Requested | As Requestad
HL-93 (US) Truck + Lane LRFR | Operating 71.99 2.000 Cap 33.000 | STRENGTH-I - Concrete Shear | As Requested | As Requested
HL-93 (US) Tandem + Lane LRFR | Inventory 63.19 1.755 Cap 33.000 | STRENGTH-I - Concrete Shear | As Requested | As Requested
HL-93 [US) Tandem + Lane LRFR | Operating 2848 2458 Cap 33.000 | STRENGTH-I - Concrete Shear | As Requested | As Requested
HL-93 (US) | 90%(Truck Pair + Lane) LRFR | Inventory 37.90 1.033 Cap 33.000 | STRENGTH-I - Concrete Shear | As Requested | As Requested
HL-93 (US) | 90%(Truck Pair + Lane) LRFR | Operating 54,08 1.527 Cap 33.000 | STRENGTH-I - Concrete Shear | As Requested | As Requested

AASHTO LRFR Engine Version 7.5.0.3001

Analysis preference setting: Nane

Analysis time: 8/6/2026 12:50:49 PM

Close
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Specification Check Detail

The detailed specification calculations for the pier cap can be viewed in the Specification Check Detail window.

b AMALYSIS

ERIDGE WORKSPALCE WORKSPACE TOOLS VIEW HELP DESIGN/RATE

& = B i Joo

Analysis Analyze  Tabulal| Specification §Engine Results Analysis 3D
Settings Resulty Check Detail PDutputs Graph Report | Schematic

Analysis sults Schematics

Pier cap spec check POlIs are reported based on distance from the left end of the pier cap.

u Specification Checks for Hammerhead Pier - 21 of 260 — a
Articles
All articles v
Properties Generate Farmat
Bullet list hd
Specification filter Report
a Pier Component | Specification reference Limit State Flex. Sense Pass/Fail
4 Cap 54.2.1 Compressive Strength N/A Passed
0.00 ft, 5.4.2.5 Poisson's Ratio MN/A General Comp.
3751t 5.4.2.6 Modulus of Rupture N/A General Comp.
5811 5.4.2.8 Concrete Density Modification Factor M/A General Comp.
ez 5.5.4.2 Strength Limit State - Resistance Factors N/A General Comp.
Ejz : 5.6.2.2 Rectangular Stress Distribution M/A General Comp.
1550 . 5.6.3.2 Flexural Resistance (Reinforced Concrete) M/A Passad
31.00ft. 5.6.3.3 Minimum Reinforcement MN/A Passed
31.01 . Fﬂ 5.6.7 Crack Control of Cracking by Distribution of Reinforcement M/A Mot Required
33.00 64.4.2.1 General Load Rating Equation - Pier Concrete Flexure N/A Passed
3487 64.4.2.1 General Load Rating Equation - Pier Cancrete Shear M/A Passed
4068 ft. 6A.4.2,1 Shear-3.6.3.3 Pier Minimum Reinforcement N/A General Comp.
AnIS ft 64.4.2.1 Shear-5.7.2.1 Torsion - General M/A General Comp.
48,50 ft.
6A.4.2.1 Shear-3.7.2.3 Regions Requiring Transverse Reinforcement M/A General Comp.
B8A.4.2.1 Shear-3.7.2.5 Pier Minimum Transverse Reinforcement M/A Passed
64.4.2.1 Shear-5.7.2.6 Pier Maximum Spacing of Transverse Reinforce N/A Passed
64.4.2.1 Shear-5.7.2.8 Shear Stress on Cancrete M/A General Comp.
64.4.2.1 Shear-5.7.3 Pier Effective Shear M/A General Comp.
GAAD A Chaze 5723 M - i
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Engine Outputs

The Engine Outputs for the pier cap rating includes a list of links to analysis reports with detailed calculations from

the analysis.

i ANALYSIS
ERIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGM/RATE
=
-4} 3D
Fg -
L8
Analysis Analyze | Tabular Specificatio 3D
Settings Results Check Detaill Cutputs Schematic
Analysis esults Schematics
LRFR Pier Cap Rating DB BrakingForceReactions2 - m] X
21 LRFR Pier Cap Rating - Bask Print
- Bridge Alternative a
B Pier 1
S Hammerhead Pier
- AnaysisLog HL-93 (US) - 2Lane(s) Loaded Output
~Cap LRFD Reinf Dev L h Cal
- St Do Lengin CRls ax ( 0.25 * 72 kips. 0.05 * ( 72 kips + 0.64 kips / ft * 120.00% )) = 18.0kip
~Column LRFD Reinf Dev Length { BR = 18.0kip * 2 Lane(s) * 1.00 = 36.0kip
- SuperDLReactions2
- SubDLReactions2 Superstructure BR Forces Resolved For Pier Skew
- SingleLaneReactions ForceTrans = BR * sin ( PierSkew ) / Number of girders
ForceLong = BR * cos ( PierSkew ) / Number of girders
~Live Load Patterns
" Superstructure Vertical Reactions Due to BR Transverse Forces
- WaterOnSubReactions2 Vi=M*(5-51) /1
- ShrinkageQfSuperReactions? M = ForceTrans * LoadHeight
- ShrinkageOfSubReactions2 S= ceptrmd of group of gi(deﬁ measured f'rgm leftmost girder
S1i = distance from leftmost girder to girder 1
- HorizEarthReactions2 I = moment of inertia of group of girders about the group centroid
- LL Scan Summary
~Spec Check Results LoadHeight = Super deck elev + Height of force above deck - Min brg elev
- MomentMagnification LoadHeight =36.60 + 6.00 - 29.92 = 12.69ft
s S=19.5f
" 1=9506£"2
ForceTrans (kip) ForceLong (kip) Vert Reaction (kip)
Gl -0.0, 7.2 -0.0
G2 -0.0 7.2 -0.0
G3 -0.0 7.2 -0.0
G4 -0.0 7.2 0.0
G3 -0.0 7.2 0.0
v
4 >
Ll
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Results Graph

The Results Graph window is a visual display of the results from the Tabular Results window. Dead load actions,

live load actions and rating factors can be plotted along the length of the pier cap.

b AMALYSIS

ERIDGE WORKSPALCE WORKSPACE TOOLS VIEW HELP DESIGN/RATE

L s @V 6

Analysis Analyze | Tabular Specification Enging Results i 3D
Settings Results Check Detail Cutpuls Graph Schematic
Analysis Results Schematics
BB Results graph = m} x
[ 1
:_ﬁ' Apply E
Properties Print
Graph Print
0 - -
Z
= -2000
g
E
=]
= -4000
0 10 20 30 40

Distance [ft]

— MzLL{+)-HL-93 (US)-Truck = Lane — MzLL{-)-HL-23 {US)-Truck + Lane MzLL(+)-HL-93 (US)-Tandem + Lane — MzLL(-)-HL-92 (US)-Tandem + Lane
— MzLL{+)-HL-93 (US)-90%(Truck Pair + Lang) — MzLL(-)-HL-93 (US)-00%(Truck Pair + Lane)

Superstructure DC - _
Mz LL{=)- Mz LL{)- Mz LL{=)- Mz LL{)- HTZQ';L(‘J JS]_
Superstructure DW Distance HL-93 (US)- HL-93 (US)- HL-93 (US)- HL-93 (US)- Q0% (Truck Pair +
Substructure Self Wight - DC Truck + Lane Truck + Lane Tandem + Lane Tandem + Lane [:;e} ar
d = Live Load 11.62 “
P HL-93 (US) 13.5 0.00 -1,588.22 0.00 -1,351.96 0.00
1549
» [ Truck = Lane 155 0.00 204530 0.00 174112 0.00
» Tandem + Lane 23.25 0.00 -413283 0.00 -3,518.31 0.00
. 90%(Truck Pair + Lane) 31 0.00 -2,04530 0.00 -1,741.12 0.00
3101
» LRFD Fatigue Truck (US) o
v h] 3
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Analysis Report

The Analysis Report window generates reports similar to the substructure design review Tabular Results window.
Within the tabs of the analysis report window, select the reports to generate and the data to include. TIP: Select the
Generate linked table of contents button in the Options tab. Based on the selections in the other tabs, the generated

report may contain a large amount of data. This option will split the report into smaller sections.

R ANALYSIS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE
g M ot 4
e b
Analysis Analyze | Tabular Specification Engine Resultl Analysis iD
Settings Results Check Detail Cutputs Grap Schematic
Analysis Results chematics
Analysis Report - New Analysis Report - [u] X
Report
New Open Save as Generate
Model Loads Reactions Displacements Forces Concurrent Forces Rating results Options
General Units
Report heading Units: US Customary v
User name [ Timestamp DB New Analysis Report - o x
Description:
~ Back Print

Generate linked table of contents

Shear Reinforcement Definitions
T ! E Column Shear Ties
| [ reinforcement
| Points of Interest
| ¥4 Detericration Profile
é- FOUMDATION ALTERMATIVES
F‘_l I Foundation (E) (C)
} = Geometry
.. (2] Reinfareament

Bridge ID :LRFR Pier Cap Rating
Bridge : LRFR Pier Cap Rating
Pier : Pier 1

User : bridge

Finite Element Model
. Reactions
o Limit State Nodal Reactions
. Displacement
o Limit State Nodal Displacements
= STRENGTH-I
. Member Forces
o Limit State Element Actions
= STRENGTH-I
Concurrent Forces
o STRENGTHI
. Rating Results

b2

e L

bt

=3

SNBI Bridge Number :LRFR Pier Cap Rating
Bridge Alt - Bridge Alternative

Pier Alt. : Hammerhead Pier

Date : Thursday, August 6, 2026 13:15:23
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3D Schematic

After running an analysis, the 3D schematic can display the member actions plotted on the 3D FE model. Open the

pier alternative 3D schematic and select the results button to plot results on the schematic.

3D Schematic - Hammerhead Pier - Rating
o fw b ﬂx &) Linear ~

SAIPEIFIUCIUN INETETENICOR Line

Station Ahead
r ./

B View Results
Display
Limit state envelope
Load case
H © Load combination

Action

Auial
Compression

Tension

EEE
<

Shear yy
Shear zz -
Bending yy

O Bending =2

Torsion

EEE
<

Deflection

Name

DLmax L1 T DV:1,BR HL-93 (US) 1 Lane (Ah...
DLmax L1 T DV:1,BR HL-93 (US) 1 Lane (Ba...
Dlmax L2 T DV:2,BR HL-93 (US) 1 Lane (Ah...

Dlmax L2 T DV:2 BR HL-93 (US) 1 Lane (Ba

Dlmax L2 T DV:3,BR HL-93 {US) 1 Lane (Ah...
Dlmax L2 T DV:3,BR HL-93 (US) 1 Lane (Ba...
DLmax L4 T DV:4BR HL-93 (US) 1 Lane (Ah...
DlmaxLL4 T DV:4BR HL-93 (US) 1 Lane (Ba...
DLmax L5 T DV:5,BR HL-93 (US) 1 Lane (Ah...
DLmax L5 T DV:5,BR HL-93 (US) 1 Lane (Ba...
Dlmax L6 T DV:6,BR HL-93 (US) 1 Lane (Ah...

Dlmax L6 T DV:6,BR HL-93 (US) 1 Lane (Ba

Dlmax L7 T DV:7,BR HL-93 {US) 1 Lane (Ah...
Dlmax L7 T DV7,BR HL-93 {US) 1 Lane (Ba...
DLmax L8 T DV:8BR HL-93 (US) 1 Lane (Ah...
DLmax L8 T DV:8BR HL-93 (US) 1 Lane (Ba...

Auto apply

oK Apply

Cancel
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