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BrDR Substructure Training

Example features:
e Reinforced concrete, three column frame pier, spread footings
e  Pier skew — 0 degrees

e  Specification checking of reinforcement

Items covered in this series:
Topic 1:
e BrDR Substructure Capabilities

e Locating Substructure Units

o Bridge Data Related to Piers
e  Pier Alternatives

e  Pier Geometry

e Pier 3D Schematic

e Validating a Pier Alternative

e  Superstructure Loads
e  Superstructure Environmental Loads
e  Substructure Loads

e Load Calculation Reports

e BrDR Substructure Toolbar
e Finite Element Model
e  Pier Analysis
e  Specification Checks
e Footing Analysis
e Tabular Results
e Viewing Results in 3D Schematic
e Additional Reports
e Method of solution
Using AASHTO LRFD Bridge Design Specifications, 5th Edition, with 2010 interims

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.
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Topic 1 - Pier 3 — Frame Pier Example

This topic is the first of four in a series describing the entry and analysis of a reinforced concrete multi-column frame
pier in BrDR Substructure. In this example, a two span continuous steel superstructure is supported by a 3 column

frame pier.

BrDR Substructure Capabilities

The BrDR Substructure module currently has the capability to describe the pier gross geometry and reinforcement,
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.

. SRR A

[ | [ | [ |
Solid Shaft Fier Frame Pier W all Pier Pile Bent Pier

A three-dimensional schematic is available to view a to-scale drawing of the pier alternative. BrD can compute the
loads acting on the pier or the user can enter override forces. Superstructure dead load and live load reactions are
computed 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 input by the user. A finite element
analysis of the pier is performed, and load combination results are generated based on the user chosen limit states .
The analysis results can be viewed in a text output and 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 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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Bridge Layout

In this tutorial, a bridge alternative and pier will be described in the BrDR Substructure module by adding a bridge
alternative to the bridge BID 20 in the sample database. From the Bridge Explorer, double click on BID20 to open
the bridge. The partially expanded Bridge Workspace tree is shown below. This bridge already contains several
superstructure definitions and bridge alternatives. The superstructure definitions will be reused, and a new bridge

alternative and a new pier will be created.
Workspace — 0O X

Bridge Components
= ™ LRFD Substructure Example 1
1 B Compaonents
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
- WFFLRFD Multiple Presence Factors

- EE Enwironmental Conditions

- OF Design Parameters

= | SUPERSTRUCTURE DEFINITIONS

- b Simple span structure (nght support is rolled)
- b Simple span structure {left support is rolled)
b b 2 Continuous span

= |23 BRIDGE ALTERMATIVES

4. M 2 span bridge (E) (C)

| . .
+- My Continuous span steel bridge

-
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Bridge
Open the Bridge window for this bridge by double clicking on LRFD Substructure Example 1 on the Bridge

Workspace tree.

M LRFD Substructure Example 1

Bridge Workspace View

Template Superstructures
Bridge ID: |LRFD Substructure Exampl MBI structure ID (8): LRFD_EX1_sub Bridge completely defined Cuhverts

Substructures

Description Description (cont'd) Alternatives Global reference point Traffic Custom agency fields

Name: LRFD Substructure Example 1 Year built:

LRFD Substructure Example 1

Description:

Location: Length: ft
Facility carried (7): Route number:

Feat. intersected (6): Mi. post:

Default units: US Customary e

Bridge association... BrR BrC Briv

CK Apply Cancel

No change of data is required on the Description tab of this window.
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Navigate to the Global reference point tab.

M LRFD Substructure Example 1

Bridge Workspace View
Template Superstructures
Bridge ID: LRFD Substructure Exampl MBI structure ID (8): LRFD_EX1_sub Bridge completely defined Cuhverts
Substructures

Description Description (cont'd) Alternatives Global reference point Traffic Custom agency fields
X 0 ft

Y: 0 ft

Elevation: ft

Longitude: Degrees

Latitude: Degrees

Open location

Location confirmed

Bridge association...

CK Apply Cancel

This tab contains an X and Y coordinate field for the bridge global reference point. This data could be used to describe
the state plane coordinates for the bridge. When reviewing the Pier window later in this example, it is worth noting
that, BrDR computes the coordinates for the pier based on this bridge global reference point. For this example, leave

the X and Y coordinates as zero. Click Cancel to close the Bridge window without making any changes to it.
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Bridge Alternatives

Double click on the BRIDGE ALTERNATIVES node in the Bridge Workspace tree to create a new bridge
alternative and enter the following information.

D Bridge Alternative — d ot

Alternative name:  Training Alt

Description Substructures

Description:

Horizental curvature Global positioning
Reference line length: 260 ft Distance: ft
o Start bearing End bearing Offset: ft
Starting station: 0 ft Elevation: ft
Bearing: M 90* 0" 0.00" E

Bridge alignment

Superstructure

) Cubvert wizard...
wizard...

oK Apply Cancel

The data on this tab orients the bridge alternative reference line. The substructure units for this example will be located
with respect to this bridge alternative reference line. The bridge alternative is 260.0 feet long and the starting station
is 0+00. The default bearing of N 90" 0’ 0” E is acceptable for this example. The Global positioning data orients the
bridge alternative reference line with respect to the bridge global reference point. since this bridge alternative is not
offset to the bridge global reference point, this section can be left blank in this tutorial.
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Switch to the Substructures tab and enter the following information to locate the abutments and piers. The
substructure units are located by entering the location of the substructure unit reference point relative to the bridge
alternative reference line. The substructure unit reference point is the point where the superstructure reference line
intersects the pier longitudinal axis or centerline of bearing at an abutment. The location of abutments in BrDR

Substructure can be specified but cannot currently describe the geometry of the abutments.

D Bridge Alternative — O x

Alternative name: Training Alt

Descniption Substructures

Substructure Station Offset

unit name () (f) Unit type
Abutl 0 0| Abutment
Pierl 130 0| Pier h
> Abut? 260 0 Abutment ¥ Click F1 while the

Substructures tab is active to
open the BrDR Help file

which contains examples for

Click OK to apply the data and close the window. i .
locating substructure units.
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The partially expanded Bridge Workspace is shown below.
Workspace - 0O x

Bridge Companents

- @M LRFD Substructure Example 1

B [ Companents

[£7 Diaphragm Definitions

[E7 Lateral Bracing Definitions

WFF | RFD Multiple Presence Factors
EC Environmental Conditions

-+ OF Design Parameters
Bl [ SUPERSTRUCTURE DEFINITIONS
[ b Simiple span structure (nght support is ralled)
[ b Simiple span structure (left suppart is rolled)
[+ b 2 Continuous span
Bl 3 BRIDGE ALTERNATIVES
- @y 2 span bridge (E} (C)
- @y Continuous span steel bridge
B ¢ Training Alt
- [ SUPERSTRUCTURES
- ff Stiffness Analysis
- &) PIERS
=TT Piert
----- [ PIER ALTERNATIVES

Superstructure

Double click the SUPERSTRUCTURES node (or click New from the WORKSPACE ribbon or right click and
select New) to create a new superstructure. Enter the following information to describe the superstructure in this bridge
alternative.

M Superstructure - O >

Superstructure name:  Superstructure
Description Alternatives Vehicle path Engine Substructures

Deescription:

Reference line

Distance: 0 ft
Offset: 0 ft
Angle: 0 Degrees
Starting station: 0 ft

OK Apply Cancel

Last Modified: 3/5/2024 13



Pier3 - Frame Pier Example

™ Superstructure — O =

Superstructure name:  Superstructure
Description Alternatives Vehicle path Engine Substructures
Select the substructure supports:

Substructure

Support support

1 Abut1 ~
2 Pierl A

> 3 Abut2 e

New Delete

OK Apply Cancel

This superstructure is located at the start of the bridge alternative reference line, so no data is required for the reference
line distance or offset. Enter the span length of the superstructure and select the substructure supports. Click OK to
apply the data and close the window.
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Superstructure alternatives
Double click the SUPERSTRUCTURE ALTERNATIVES node under Superstructure to create a new

superstructure alternative. It is important to assign a superstructure definition to the alternative so BrDR will know

what superstructure definitions are carried by the pier. Enter the following data and click OK.

.

R Eridge Workspace - LRFD Substructure Example 1 ANALYSIS REPORTS ? = [u]
BRIDGE WORKSPACE ~ WORKSPACE ~ TOOLS  VIEW  DESIGN/RATE  REPORTING
-~ . B
Close Export Refresh New
Bridge Manage
Workspace # X | Schematic % X | Report P
Bridge  Components
- (@ LRFD Substructure Example 1
[ Components
[ Diaphragm Definitions.
[ Lateral Bracing Definitions
HPF LRFD Multiple Presence Factors M Superstructure Alternative - m] %
£¢ Enviranmental Conditions
OF Design Parameters Alternative name: Alt1
- &3 SUPERSTRUCTURE DEFINITIONS
e Simple span structure (right support is rolled)
Yrrf Simple span structure (left support is rolled) Description:
trrf 2 Continuous span
- 3 BRIDGE ALTERNATIVES R
2 span bridge (8 (C) Superstructure definition: 2 Continuous span ~
#My Continuous span steel bridge Superstructure type:
& @y Training Alt _
Number of main members:
-2 SUPERSTRUCTURES
=+ T Superstructure
) Length
- [ SUPERSTRUCTURE ALTERNATIVES Sean | iy
-} Stiffness Analysis
- 3 PIERS 1 120
TT Piert 2 130
oK Apply Cancel
4

The partially expanded bridge workspace is shown below.

Workspace — 0O X

Bridge Compaonents
B M LRFD Substructure Example 1
B [ Components
- B Diaphragm Definitions
(& Lateral Bracing Definitions
MFF LRFD Multiple Presance Factors
EE Environmental Conditions

- OF Design Parameters
B ) SUPERSTRUCTURE DEFINITIONS
- b Simple span structure (right support is rolled)
- b Simple span structure (left support is ralled)
- b 2 Continuous span
El- &3 BRIDGE ALTERNATIVES
#- ¢ 2 span bridge (E) (C)
- {4 Continuous span steel bridge
=8 £ Training Alt
- |&3 SUPERSTRUCTURES
B TESU perstructure
B (3 SUPERSTRUCTURE ALTERNATIVES
----- T At 1(E) (C) (2 Continuous span)
= Stiffness Analysis
- |&) PIERS
B TT Pierl
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Topic 2 - Pier 3 — Frame Pier Example

This topic is the second of four in a series describing the entry and analysis of a reinforced concrete multi-column

frame pier in BrDR Substructure. In this example, a two span continuous steel superstructure is supported by a 3

column frame pier.

Note: Topic 1 must be competed in the series before entering this topic. 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.

Bridge Data Related to Piers

This bridge already contains the following materials. Class A (US) concrete and Grade 60 reinforcing steel will be
used in this pier alternative, so no new material need to be added. The partially expanded Bridge Workspace tree is
shown below. Verify the properties of the concrete material as shown below.

Workspace — 0O %

Bridge Components

= @D LRFD Substructure Example 1
= @ Compaonents
[l Jersey Barrier

< "I AASHTO TYPE VI

- LW 44282

- T HP 12474
- LRFD 2004 AASHTO LRFD Specifications
- Design setting 1

- T Class A (US)

- 8 5/16" (TW-250) LR

- @ Grade 60
. Epoxied Grade 60
----- T ASTM AS72 - 1" max, Fy = 60 ksi
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
- MFF LRFD Multiple Presence Factors
+ EC Environmental Conditions

- DF Design Parameters
B &5 SUPERSTRUCTURE DEFIMITIONS

[+ f Sirnple span structure {right support is rolled)
- hf Simple span structure {left support is rolled)

G- hppf 2 Continuous span

= &) BRIDGE ALTERMATIVES

- M 2 span bridge (E) {C)

- M Continuous span steel bridge
B M Training Alt

-- [£) SUPERSTRUCTURES

F—+

-1 Stiffness Analysis
- [ PIERS

Last Modified: 3/5/2024

16



Pier3 - Frame Pier Example

™ Bridge Materials - Concrete O
Mame: Class A (US)
Description:  Class A cement concrete
Compressive strength at 28 days (f'c):  4.0000006 kesi
Initial compressive strength (f'ci): 3 kesi
Compasition of concrete: Normal ~
Density (for dead loads): 0.15 kcf
Density (for modulus of elasticity): 0.145 kecf
Poisson's ratio: 0.2
Coefficient of thermal expansion (a):  0.000006 1/F
Splitting tensile strength (fct): =
LRFD Maximum aggregate size: in
Compute
Std modulus of elasticity (Ec): 3644.149254 ksi
LRFD modulus of elasticity (Ec): 3644.149254 ksi
Std initial modulus of elasticity: 3155.92425 ksi
LRFD initial modulus of elasticity: 3155.92425 ksi
Std modulus of rupture: kesi
LRFD maodulus of rupture: 0.479857 ksi
Shear factor: 1
Copy to library... Copy from library... QK Apply Cancel
™ Bridge Materials - Reinforcing Steel — O
Marne: Grade 60
Description: 60 ksi reinforcing steel
Material properties
Specified yield strength (fy):  60.0000087 ksi
Modulus of elasticity (Esk 29000.004206 ksi
Ultimate strength (Fu): 90.0000131 ksi
Type
Q rin
Epoxy
Galvanized
Copy to library... Copy from library... CK Apply Cancel

Last Modified: 3/5/2024
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LRFD Multiple Presence Factors
Double click on the LRFD Multiple Presence Factors node in the BWS tree. This window displays the multiple
presence factors from AASHTO LRFD Table 3.6.1.1.2-1. These factors will be used when BrDR Substructure

combines multiple loaded lanes. No adjustment to these values are needed currently so click Cancel to close the

window.
M LRFD Multiple Presence Factors - m} X
Number of :::SI:ELEE
loaded lanes factors "m*
> 1 1.2
2 1
3 0.85
=3 0.65

Reduce based on ADTT if applicable

CK Apply Cancel

LRFD Substructure Design Settings

LRFD Substructure Design Settings contain a set of LRFD factors, limit states to be included in the analysis and
vehicles to be used in the analysis. BrDR Substructure uses these design settings when analyzing a pier.

BrDR has system default LRFD Substructure Design Settings as specified on the System Defaults window in the

Configuration Browser shown below.

o | CONFIGURATION AASHTOWare Bridge Design and Rating ? - O

BRIDGE axv,:-pau‘ CONFIGURATION

System Defaults

J

£ Bridge Description Custom Agency Field Labeis
1) Bridge Exchange
1 8nidge List

e Library Entries

| 2 Paar
Engine Defaults

Last Modified: 3/5/2024 18
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These default design settings will be used in this example. The following window in LIBRARY of BrDR shows the

default Preliminary Design Setting (US).

o | LIBRARY

BRIDGE EXPLORER LIBRARY
o -
L] ) = %]

New Duplicate Open Close

Manage

B[ Appurtenances =
[ Generic
-~ Median
[ Parapet

E-[5 Connectors
& Bolt

[ Corrugated Metal Panel
£ Factors

B
- LRFD

[ LRFD DF Applicability Ranges
- LRFD Substructure Design Settings
B[ Materials =

Library
» | Standard
Standard
Standard
Standard

AASHTOWare Bridge Design and Rating

Unite Name
US Customary
81/ Metric

Preliminary Design Setting (US)
Preliminary Design Setting (SI)
US Customnary Final Design Setting (US)

S/ Metric Final Design Setting (S}

LRFD Substructure Design Settings: Preliminary Design Setting (US)

Mame: Preliminan U
Description:  Prelimina U
Limit states Vehicles Substructure loading
Analysis method Analysis
type module
¥ LRFD AASHTO LRFD

Choose the limit states to be
included in the analysis:

Store units as

Spec version

bl LRFD 5th 2010i

Dynamic load allowance

Method

Fatigue and fracture limit states: 15

All other limit states: 33

Last Modified: 3/5/2024
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Navigate to the Components tab of the BWS tree, expand LRFD Substructure Design Settings node and double
click on Design setting 1 (or click and select Open from the WORKSPACE ribbon) as shown below.

o | Bridge Workspace - LRFD Substructure Example 1 ANALYSIS REPORTS ? - o X

ERIDGE WORKSPACE 'WORKSPACE TOOLS WVIEW DESIGN/RATE REPORTING

&< 90 > @
Open

Save @ Reverl Gl Bt Refresh Copy Duplicate Delete

Bridge Manage

Workspace # X || Schematic % X | Report

B3
s

Bridge  Components
E- 2 Components
7 () Appurtenances
- | Generic
- | Median
() Parapet
- b Jersey Barrier
~ [ Railing
t- [ Beam Shapes
7 [ Connectors
- [ Factors
+ @ LR
[ LrFD
2 LRFR
- £3 LRFD Substructure Design Settings
I " Design setting 1
2 Materials

Analysis

B3
s

M LRFD Substructure Design Settings - O X

Design setting type

Preliminary
Description: Final

Name: Design setting 1

Limit states =~ Vehicles Substructure loading

Analysis method Analysis

Spec version Factors
type module

2 LRFD AASHTO LRFD | LRFD 5th 2010i ~ | 2004 AASHTO LRFD Specifications

Choose the limit states to be

included in the analysis: Dynamic load allowance

STRENGTH-1 - Fatigue and fracture limit states: 15 %

All other limit states:

w
[

STRENGTH-II

STRENGTH-III

STRENGTH-IV

STRENGTH-V

SERVICE-I

SERVICE-II
SERVICE-III

SERVICE-IV v

Copy from library... OK Apply Cancel

The limit states belonging to the factor are displayed. Since this design setting is for use in the Preliminary mode, only
the Strength-1 limit state is selected. When the pier is analyzed with this design setting only the Strength-1 limit state

load combinations will be computed. This can save significant time in the analysis in the preliminary pier geometry
sizing stage.

Last Modified: 3/5/2024 20
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The vehicles to be used in the analysis are chosen on the Vehicles tab.

M LRFD Substructure Design Settings

Name: Design setting 1

Description:

Limit states Vehicles

LRFD factors:

Viehicle selection
Bi-Vehicles
E-Standard
Alternate Military Loading

EV3

Substructure loading

Vehicle summary:
Al limit states except Strength-Il and Fatigue
LHL-93 (US)
Strength-Il limit state
Fatigue limit state

[m]

X

Design setting type
Preliminary

Final

HL-93 (1)
HL-93 (US)
HS 20 (51}
HS 20-44
LRFD Fatigue Truck (31)
LRFD Fatigue Truck (US)
Agency Defined
User Defined
No vehicle

Consider pair of

e
WER s

5> HL-93 (US)

Copy from library... oK Apply Cancel

The Substructure loading tab allows to describe how the vehicle single lane reactions are applied to the substructure.
If the axle load P is entered as zero, the entire single lane reaction will be applied to the deck as a uniform load spread
over the lane width. If a value other than zero is entered, the single lane reaction applied to the deck will contain two
concentrated loads each equal to P/2 at the wheel locations within the lane width and the remainder of the single lane
reaction will be applied as a uniform load spread over the lane width.

D LRFD Substructure Design Settings - O %
Design setting type
Name: Design setting 1 o 9 typ
Preliminary
Description: Final
Limit states  Vehicles | Substructure loading
Vehicle single lane resctios
applied to the deck as sho bz
Vehicle | Vehicletype  load P
-] P2 (kip)
zo| so | 2o HL-03 (US) | Design Truck »
™ l
w HL-03 (US) | Design Tandem 25
l v l l HL-93 (US) | Design Lane 0
1Dlane > HL-93 (US) | Truck Pair 32
w=(ReadionP)
10
Copy from liorary... oK Apply Cancel
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Environmental Conditions

Double click on the Environmental Conditions node in the BWS tree.

The following window appears.

#® Environmental Conditions

Wind load basis

Gust speed o Fastest-mile speed

Wind-gust =~ Wind-fastest ~ Temperature

Wind exposure category
O:

Table 3.8.1.1.2-1

D

Design 3-second gust wind speed

Table 3.81.2.1-1

Gust effect factor

Gust effect

Structure type factor, G
K Sound barriers 0.85
All other structures 1

Table 3.8.1.3-1

Wind components on live load

Normal Parallel
Skew angle

D component | component

(kip/ft) (kip/ft)
¥ 0 0.1 0
15 0.088 0.012
30 0.082 0.024
45 0.066 0,032

o E——

Stream

Table 3.8.1.2.1-2

Drag coefficient, CD

Component
> l-girder and box-girder bridge superstructures

Truss columns and arches-sharp edged member

3-second gust wind

Truss columns and arches-round member

Load combinations speed, V
(mph) Bridge substructure
a -
» Strength IIl Value from system Sound barriers
defaults
Strength V 30
Forraz( 70 Table 3.8.1.2.3a-1
[ v Skew coefficients for various skew angles of attack

Skew angle Trusses, columns, and arches

of wind Transverse skew | Longitudinal skew
(Degrees) coefficient coefficient

> 0 1 0

15 0933 0.18

30 0.867 0373

45 0827 0.547

60 032 0667

Vertical upward wind pressure

Strength lll: 0,02 kst

Strength IV: 0,01 ksf

Simplified wind loading

Transverse wind on superstructure, % of computed value:
Longitudinal wind on superstructure, % of transverse valu
Wind on live load, transverse:

Wind on live load, longitudinal:

- [m| X
Store unit as
Qu s
Windward = Leeward
13 NA S Specify the surface
2 1 . .
1 s conditions for the bridge.
16 NA All other data on this tab
12 N/A
defaults to the AASHTO
specs.
Girders
Transverse skew | Longitudinal skew
coefficient coefficient
1 0
0.88 012
0.82 024
0.66 032
0.34 038
100 %
e 25 %
0.1 kip/ft
0.04 kip/ft
QK Apply Cancel

This window lists the environmental conditions acting on the bridge. The wind pressure values on the Wind tab default
to values from the AASHTO LRFD Specifications.

Last Modified: 3/5/2024

22



Pier3 - Frame Pier Example

Navigate to the Temperature tab. The temperature ranges on this tab default to those in AASHTO LRFD Table

3.12.2.1-1. Enter the setting temperature and select the climate type as shown below.

@ Environmental Conditions

Wind load basis
Gust speed 0 Fastest-mile speed

Wind-gust ‘Wind-fastest =~ Temperature Stream
Climate
Setting temperature: 68 F Moderate
o Cold
Temperature ranges
Steel or aluminium Concrete
BRIl Min Max Min Max
(Degrees F) = (DegreesF)  (DegreesF) | (DegreesF)
» | Moderate 0 120 10 80
Cold -30 120 0 30

Wood
Min Max
(Degrees F) (Degrees F)
10 75
0 75

Store unit as

Qu s

QSpecify the  setting

temperature and climate for
the bridge. All other data on
this tab defaults to the
AASHTO specs.

QK Apply Cancel
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Navigate to the Stream tab. This tab allows to enter data describing the stream flow for this bridge. The stream drag
coefficient values default to those in AASHTO LRFD Table 3.7.3.2-1 and 3.7.3.1-1. This example does not consider

stream flow.

.

Wind load basis
| Gust speed 0 Fastest-mile speed

Wind-qust ~ Wind-fastest ~ Temperature Stream
Stream pressure longitudinal drag coefficient Stream pressure lateral drag coefficient
Type cD Angle between direction of flow and
longitudinal f pi
¥ Semicircular-nosed pier 07 ongitucinal axis of pier
(Degrees)
Square-ended pier 14 0
Debris lodged against the pier 14 5
‘Wedged-nosed pier with nose angle 90 de... 08 10
20
30
Stream flow skew: Degrees

Design water levels

‘Water Design Scour

Wl Consider | elevation  wvelocity | elevation
neme | (s @
» | Low
Mean
Design Flood
Check Flood

Store unit as

Qu s

CL

0.5
07
09

OK Apply Cancel

Click OK to apply the data and close the window.
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Design Parameters

Double click on the Design Parameters node in the BWS tree. This window allows to specify how superstructure
loads are distributed to the substructures.

i Design Parameters

Load distribution:

Longitudinal force distribution

Longitudinal forces, except friction, carried only by fixed bearings

o Longitudinal forces carned by both fixed and expansion bearings

Q) simplified method of distribution

User specify superstructure length for each load and each pier

Transverse forces
Load distribution

o Transverse forces carried by both fived and expansicn bearings

User specify superstructure length for each load and each pier

Consider vertical reactions due to induced moment caused by transverse forces

OK Apply Cancel

Check the consider vertical reactions checkbox if BrDR Substructure is to consider the vertical reactions on the
superstructure due to the induced moment about the superstructure longitudinal axis caused by transverse forces acting
on the superstructure as shown below. Refer to the BrDR help topic for this window for more information.

Transverse Force
ry

h

S

S1=0 52

S3

I||TL

1 4|:'*"
l vt
v2 - V3

V1 = |

l— =

CG of girders

S4

A 4
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To describe the pier, navigate to the Training Alt bridge alternative and follow steps as shown below.
‘ Workspace — 0O X

Bridge Components

B M LRFD Substructure Example 1
B [ Components
- [£) Diaphragm Definitions
- [ Lateral Bracing Definitions
- MFFLRFD Multiple Presence Factors
- EC Environmental Conditions

- OF Design Parameters
- ) SUPERSTRUCTURE DEFINITIONS
= bf Simple span structure {right support is ralled)
= b Simple span structure {left suppart is ralled)
- b 2 Continuous span
= =3 BRIDGE ALTERNATIVES
E- M 2 span bridge (E) (<)
E3

+- fMy Continuous span steel bridge
- M Training Alt
- [ SUPERSTRUCTURES
- Stiffness Analysis
- [T PIERS

Stiffness Analysis

Double click on the Stiffness Analysis node in the BWS tree. This window describes the bearing data at each

substructure unit in the bridge alternative. This bearing data can be used by BrDR to compute the length of loaded
superstructure applied to each substructure unit.

Dy Relative Stiffness Analysis - Training Alt — m] =

Bridge alternative name:

Bearingdata | Bearing data (cont'd)  Relative stiffness

Substructure unit data:

Ut SSTUGE  Siaton  OFet (g Seomety
Pier Pier1 130 0
Abutment Abut2 260 (1]

Bearing types:

Substructure Longitudinal Number

Supportline | "M | movement of Bearing type
type bearings

» | Support Line 1 | Abutl Fixed s 6| Elastomeric ™

Support Line 2 | Pierl Expansion 6| Elastomeric

Support Line 3 | Abut2 Expansion 6| Elastomeric

oK Apply Cancel
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The Bearing data (cont’d) tab allows to enter the coefficient of friction for sliding bearings so BrDR can compute
the friction forces on the pier. Since this bridge has elastomeric bearings, the coefficient of friction is not entered for
the bearings.

Navigate to the Relative stiffness tab. Click the Compute superstructure length to apply to each pier button to have
BrDR compute the loaded superstructure lengths to apply to this pier.

M Relative Stiffness Analysis - Training Alt — O X

Eridge alternative name:

Bearing data Bearing data (cont'd) Relative stiffness

Longitudinal force distribution
Longitudinal forces, except friction, carried only by fixed bearings
o Longitudinal forces carried by both fixed and expansion bearings

o Simplified method of distribution

User specify superstructure length for each load and each pier

Compute superstructure length to Superstructure = Superstructure

apply to each pier.. Substructure length to length to
unit name apply to unit apply to unit
(ft) (%)
¥ Abutl 65 25
Pier1 130 50
Abut2 65 25
oK Apply Cancel

Click the OK button to apply all the changes and close the window.
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Pier

Double click on the Pierl node in the BWS tree and enter the following data.

M Pier — O X

Pier name:

Description Stream flow

Pier skew angle

o Input skew angle Skew angle: 0 Degrees Description:
Input bearing angle
Finished groundline elevation: 545 ft
Soil density: 012 kef
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

CK Apply Cancel

Click OK to apply the data and close the window.

Pier Alternatives

Double click the PIER ALTERNATIVES node and the following New Pier Alternative will open. Select the Frame
Pier and click Next.

T Mew Pier Alternative >

L .

[ 1 L 1
Frame Pier Solid Shaft Pier Wall Pier Pile Bent Pier

Mext = Cancel

[l
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Enter a name for the pier alternative and number of columns and click Finish to close the wizard and create the new
pier alternative.

M Mew Pier Alternative >

Type:

Mame: 3 Column Frame

Description:

Units: |US Customary é’ Combined/independent footings
Number of columns: 3~ cannot be changed once a selection is
Columns have combined footings: made here. A new pier alternative will
need to be created to change the footing
type.
< Back Finish Cancel

The Pier Alternative window will automatically open. No changes are required. BrDR provides an option to override
the default design setting with user defined design setting in this window.

M Pier Alternative - 3 Column Frame — m} X
Name: 3 Column Frame Type: RC Frame Pier
Description Stiffness Reports
Description: Units: US Customary e
LRFD substructure design settings
Preliminary mode
Default design settings:  Preliminary Design Setting (U
Columns
Override default
~
Number of columns: 3 P=apeziEs
Columns have combined faotings:
Final mode
Default design settings:  Final Design Setting (US)
Override default
Design settings:
Advanced DLA..
OK Apply Cancel
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Navigate to the Stiffness tab of this window. This tab computes information about the stiffness of the pier to assist in
determining the type of structural analysis required. Since the pier geometry data is not entered yet, BrDR cannot
compute the slenderness ratio and the Compute slenderness ratio button is disabled. Click the OK button to apply

the data and close this window. Do not click the Cancel button as that will cause the creation of the new pier alternative

to be canceled.

™ Pier Alternative - 3 Column Frame

Name: 3 Column Frame Type:

Description Stiffness Reports

Analysis method

"
=)
m

. atic Method: First Order Elastic Y

Pier longitudinal axis
Sidesway
o Braced Unbraced Unbraced length:

Slendemess results

Gross area:

KL/r:

Pier transverse axis

Sidesway

Braced 0 Unbraced

Slenderness results

Unbraced length:

Gross area: Moment of inertia:

KL/r:

Moment of inertia:

RC Frame Pier

Slenderness values cannot be
computed until the pier gross
geometry is entered.

ft Effective length factor, K: 0,65

Radius of gyration:

ft Effective length factor, K: 2

Radius of gyration:

oK Apply

Cancel
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The partially expanded bridge workspace under PIER ALTERNATIVE is shown below.

Workspace e

Bridge Components

= ™ LRFD Substructure Example 1
H- [ Companents
- B Diaphragm Definitions
[ Lateral Bracing Definitions
HFF LRFD Multiple Presence Factors
EE Environmental Conditions
- DF Design Parameters
Bl ) SUPERSTRUCTURE DEFINITIONS
- bprf Simple span structure {right support is rolled)
[+ b Simple span structure {left support is rolled)
[+ b 2 Continuous span
Bl 2) BRIDGE ALTERNATIVES
-- D 2 span bridge (E) (C)
- fMy Continuous span steel bridge
SR Y Training Alt
s [T SUPERSTRUCTURES
- o Stiffness Analysis
- | PIERS
& TT Pierl
= ) PIER ALTERNATIVES
=TT 3 Column Frame (E) (C)
I.I Default Materials
: ﬁGecmetr}f
- W Cap
B coLumns
- oy Superstructure Loads
-2 Superstructure Environmental Loads
H Substructure Loads

Default Materials

Double click on the Default Materials node in the BWS tree. This window allows the user to select materials that

will be used as default selections for the pier components.

M Default Materials - O *
Material Column/wall shear reinforcement type
Cap: Class A (US) v © spirals
Column/wall: Class A (US) v Spirals designed as ties
Footing: Class A (US) \, Ties
Steel pile: ASTM AS572 - 1" max, Fy = 60 ksi v
Reinfarcement material Pile foundations
Cap: Grade 60 v
Column/wall: Grade 60 N Steel pile shape W 44x262 w
Footing: Grade 60 v
QK Apply Cancel
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Pier Geometry

Double click on the Geometry node in the BWS tree. This window allows the user to define some basic pier geometry.
It should be noted 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.

M Pier Geomnetry - Pierl - 3 Column Frame - O X
\Superstructure @
\Reference Line
Distance from leftend of capto ' .
superstuctwereferonceline | The left edge of the pier

i
! cap is located based on the

I “H

o Elevation View

J ahead span superstructure.

Distance from left end of cap to
centerline of leftmost column bay

Distance from centerline of rightmost
column to right end of cap

Columnn Column spacing
bay (i)
Distance from left end of cap to 355 &
superstructure reference line: ' ? — 18.75
2 1875
Distance from left end of cap to .
; 6.75 ft
centerline of leftmost column:
Distance from centerline of rightmaost .
; 6.75 ft
colurnn to right end of cap:
QK Apply Cancel

.........................
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Cap Properties

Double click on the Cap node in the BWS tree and enter the following data.

Description

Cap type:

Pedestals

Member

>
G2
G3
G4
G5
G6

CL bearing
station

130
130
130
130
130
130

M Cap Properties - Pier] - 3 Column Frame

Additional loads

Cap top configuration:

Exposure factor:

1

Angle between CL
member and CL support

(Degrees)

90
90
90
920
90
90

Bearing seat
elevation

(i)

76.5
76.68
76.86
76,86
76.68

76.5

Pedestal
width

(i)

25
2.5
2.5
2.5
2.5
2.5

- O X

Cap material: Class A (US) e

Pedestal

length

{f)
25
25
2.5 @
= 2 Use CTRL-C to copy the value in a
2.5
55 cell and then use SHIFT-INSERT to
paste it into another cell.

0K Apply Cancel

The loads from the superstructure will be applied at the bearing seat elevations specified on 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. Click the OK button to apply the data and close the window.
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Cap Components

Expand the BWS tree under the Cap label and double click on the Components node to open the Cap Components

window. Select the following type of cap cantilever component for both the left and right cantilevers.

M Cap Components - Pier! - 3 Column Frame - O X

Cap type o Beam

Cap left cantilever Cap right cantilever

L

Straight Cantilever Sloped Cantilever

OK Apply Cancel

M Cap Components - Pierl - 3 Column Frame

Cap type o Beam

Cap left cantilever Cap right cantilever

Straight Cantilever Sloped Cantilever

QK Apply Cancel

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

Double click on the Geometry node to open the Cap Geometry window and enter the following cap geometry data.

4 Cap Geometry - Pier! - 3 Column Frame

| Superstructure
i Reference Line
]

Ahead Span i
'
L — N — :I:C-p Width
'
l Back Span Plan View
I7. L
STA. AHEAD
Cap Length
Left Elevation s 1 Right Elevation
] ]
o2 T— ez
D3 D3
$ Elevation View
ot
Cap width:  3.33 ft Dimension
. Cantilever Elevation
: Location ()
Cap length: type i)
D1 D2 D3
Left Sloped 76 3 167 5.25
Right Sloped 76 3 167 5.25

QK Apply

O

X

Cancel

Click OK to apply the data and close the window.

Cap Reinforcement

Double click on the Reinforcement node to open the Cap Reinforcement window. Enter data as shown below.

]

0 Cap Reinforcement - Pier1 - 3 Column Frame —
Flexural | Shear
Langitudinal skin
Barsizet 6w Barspacing: 6 in Bar material: Grade 60 ~ Stirrup clear cover: 2 in
Primary flexursl
Reinforcement input method
o Simplified Advanced Reinforcement follows cap profile
DsE L] ) ) SR St @ e g | et | Bodet| Pmed
Set| e distance | Barsize  Number Material distance  length | distance | 0S| TooC B, e
F (in) 1#t) ) (Ft)
1| Top v 326 10 5| Grade 60 05 s0 505
2 | Top v 60310 v 6|Grade60 v 0s s0 50.5
3 Bottom | 389 3 5(|Grades0 . 05 50 505
> 4 |Bottom v 5817 9 v 5|Grades0 5167 40667 45834
New Duplicate Delete
oK Apply

ped

@
J The #3 bar is a

deliberate mistake that
will be fixed later in the

tutorial.

Cancel

Click OK to apply the data and close the window.
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Navigate to the Shear tab of this window. Enter the following data to describe the shear reinforcement for the left half
of the pier cap.

™ Cap Reinforcement - Pierl - 3 Column Frame - m] X
Flexural Shear
Bar size P;lt;r:;r Material Measure from Direction d\fznrtce gi::lz; SPE;;ng Le(nftg)ﬂl dlsEt::ce
(ft) (ft)

>|5 v 4| Grade 60 ~ | Left Edge of Cap ~ | Right e 0.583 1 0 0 0583
5 v 4| Grade 60 ~ | Left Edge of Cap ~ | Right ~ 0.583 10 55| 45833333 | 5.1663333
5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right W 8333 1 0 0 8333
5 v 4| Grade 60 ~ | Left Edge of Cap ~ | Right ~ 8333 12 55 5.3 13.833
5 v 4| Grade 60 ~ | Left Edge of Cap ~ | Right ~ 13.833 6 n 55 19333
5 v 4| Grade 60 ~ | Left Edge of Cap ~ | Right ~ 19333 10 55| 45833333 | 23.9163333

Dup 8 Mirror New Duplicate Delete

QK Apply Cancel

To enter the shear reinforcement for the right half of the cap, select each row entered above and then click the Dup &

Mirror button. The following shows the completed shear reinforcement.

@™ Cap Reinforcement - Pierl - 3 Column Frame — [m] X
Flexural Shear
Bar size I:J:n‘;rll';:r Material Measure from Direction diilt:::e ‘:‘Jf:;::;; Sp[a;l]ng LE&;“‘ d\sEt:gce
() (ft)

5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right N 0.583 1 0 o 0.583
5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right w 0583 10 55| 45833333 5.1663333
5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right v 8333 1 0 0 8333
5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right v 8333 12 55 55 13.833
5 v 4| Grade 60 ~ | Left Edge of Cap ~ | Right N 13.833 6 mn 5.5 19333
5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right e 19.333 10 55| 45833333 | 23.9163333
5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right v 50417 1 0 0 50417
5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right ~ | 453753333 10 55| 45833333 | 49.9586666
5 v 4| Grade 60 ~ | Left Edge of Cap ~ | Right N 42,667 1 0 o 42867
5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right ~ | 367086667 12 55 5.5 | 42.2086667
5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right ~ | 307503333 6 1 55| 36.2503333

>[5 v 4 | Grade 60 ~ | Left Edge of Cap ~ | Right ~ | 266253333 10 55| 45833333 31.2086666

Rows added using
the Dup & Mirror New Duplicate Delete
button
OK Apply Cancel

Click OK to apply the data and close the window.

Last Modified: 3/5/2024 36



Pier3 - Frame Pier Example

Column Properties

Expand the node for Columnl. Double click on the Column1l node to open the Column Properties window. Enter
the Exposure Factor as shown below.

™ Column Properties -Pier1 - 3 Column Frame - [m] X

Name: Columnl

Description Additional loads

Existing | Current | Foundation alternative name = Description

N

Qlf the Exposure Factor is left blank
BrD will use a default value equal to
1.0 in the spec checks.

Exposure factor: 1

oK Apply Cancel

There is no additional data to enter on the column window so click OK to close this window.
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Column Components

Double click on the Components node in the BWS tree for Columnl. The Column Components window allows the
user 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 - Pierl - 3 Column Frame - 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 Round e
Segment 2
OK Apply Cancel

BrDR assumes the column cross section type is round when a new column is created by the user. Since this pier has
round columns, this assumption is correct. Click OK to close this window.
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Column Geometry

Double click on the Geometry node in the BWS tree for Columnl. Enter the following column geometry data.

% Colurnn Geometry - Column]

Pier Transverse Axis
Column Transverse Axis

Pier Longitudinal Axis /

Column Longitudinal Axis . [_ SN S, .} .
"
T

:[ T STA. AHEAD Plan View

Segment ; } Elevation
Segment e Cross-section type Location )
1 None Round Top 71.33
¥ Bottom 53.75

oM

Dimensicn
(i)

D2 D3 D4

QK

D5

Apply

O

D6

Cancel

X

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

Double click on the Reinforcement Definitions node and create a reinforcement definition for the column using the
Pattern Wizard as shown below.

™ Column Reinforcement - - Pierl - 3 Colurnn Frame - O x
MName:
Bundle bars

prY

i Bar E:ar Material .)( .Y
e = size (im) (in)
| | |
| | |

Y [ J_.__+_>S

I | I
| ! |
| | |
| i I
—— Fm—————— 1

i

Generate pattern New Duplicate Delete

Enter the following details in the Generate Pattern Wizard window and click OK to close this window and create
the reinforcement definition.

M Generate Pattern Wizard X
Pattern name: % #10 bars Bundle type Ear size: 10 ~

Column segment: 1 o o Single Material: Grade 60 £

Segment cross section: Round 2 Parallel Clear cover: 2.3 in

2 Perpendicular Mumber of bars: 8
Top / bottom: 3 Bar

Overall trans. width:

Overall long. width:

CK Cancel
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™ Column Reinforcement - - Pier] - 3 Column Frame - [m| x
Name: 8 #10 bars
Bundle bars
Y
i Bar E_ar Material X .Y
0 size (in) (i)
i 110~ |Gradeso - 14,265 0
! +X -
2 |10 ~ | Grade 60 ~ 105111423 | -10.5111423
3 |10 ~ | Grade 60 ~ 0 -14.865
4 10 ~ | Grade 60 ~ | -105111423 | -10.5111423
T Grade 60 _
Tsla Ahead 5 |10 ~ | Grade 60 o 14,265 0
L 6 | 10 v | Grade 60 ~ | -105111423 | 105111423
7 |10 ~ | Grade 60 4 0 14.865
» 8|10 ~ | Grade 60 v 105111423 | 105111423
Generate pattern New Duplicate Delete
QK Apply Cancel

Uncheck the Bundle bars checkbox and click OK to create the reinforcement definition and close the window.

Reinforcement
Double click on the Reinforcement node in the BWS tree for Columnl and assign the column reinforcement as

shown below.

@ Colurmnn Reinforcement - Column - Pier? - 3 Column Frame - m} s

Flexural Shear

= =i i Hookat Hookat Developed Developed @ Follows

=i e 5(‘;)” = Ie?'%th g \s(t:t;wca i start end at start atend profile
> 1 -25 20.08 17.58 | 8#10 o~

Duplicate Delete

oK Apply Cancel
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Navigate to the Shear tab of this window and enter data as shown below.

D Column Reinforcement - Column - Pierl - 3 Colurnn Frame - O X

Flexural Shear

Shear reinforcement type

Ties O Spirals Spirals designed as ties
Start End
Bar size P(Iit:]h Material distance Length distance
(ft) (ft)
g 4 v 3 | Grade 60 v -1 19.58 1858

New Duplicate Delete

QK Apply Cancel

Click OK to apply the data and close the window.

Since this column reinforcement is going to extend down into the footing, a foundation alternative will be added and
this section will be revisited to assign this pattern to the column. If this step is not performed, validation will show a
message that the column rebar does not fit inside the footing.

FOUNDATION ALTERNATIVES

Double click on the FOUNDATION ALTERNATIVES node in the BWS tree and the New Foundation
Alternatives Wizard will open. Select Spread Footing and click Next.

@ New Foundation Alternative Wizard x

==

&WHJ

Spread Footing Pile Faoting Single Driled Shatt

Next > Cancel Help
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Enter the following description of the foundation and click Finish to open the Foundation Properties window as
shown below.

M New Foundation Alternative Wizard K
Type:
Mame: 12x12 Footing
Description:
Units: US Customary B
Footing width: 12 ft Footing thickness: 375 ft
Footing length: 12 ft
Footing material: Class A (US) W
= Back Finish Cancel Help

£ Foundation Properties-Pier1-3 Column Frame-Column1

Name: [12x12 Faating Foundation type: Spread Foundation
Description: Units:  US Customary ~
ooting Foundation seal
Footing material:  Class A {US) ~ Foundation seal Material:
Width:
Exposure factor: 1
Length:

Bottom elevation:

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

oK Apply Cancel
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Navigate to the Soil tab and enter the rock factored bearing resistance as shown below.

M Foundation Properties-Pier1-3 Column Frame-Column — O *

MName: 12x12 Footing Foundation type:  Spread Foundation

Description Additional Loads

Subsurface type

Sol o Rock

Factored bearing resistance: 20 ksf

OK Apply Cancel

Click the OK button to apply the data and close the window. Do not click the Cancel button as that will cause the

creation of the new foundation alternative to be canceled.
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Foundation Geometry

Double click on the Geometry node in the BWS tree for the foundation alternative just added.

™ Foundation Geometry - 12x12 Footing - O X

Pier Transverse Axis
Column Transverse Axis

Pier Longitudinal Axis

Column Longitudinal Axis I
R - | b2

| T STA. AHEAD Plan View
- L

Dimension
. Elevation
Locat (ft)
cation )
D1 D2
» | Top 53.75 12 12
Bottom 50 12 12

QK Apply Cancel

Enter the bottom of footing elevation and click the OK button.
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Foundation Reinforcement

Double click on the Reinforcement node in the BWS tree for the foundation alternative just added

shown below.

. Enter data as

#M Foundation Reinforcement -Pierl - 3 Column Frame - Column - 12x12 Footing —

Direction of topmost rebar: Transverse Top bar clear cover: 3 in End cover 3 in
Direction of bottommost rebar:  Longitudina Bottom bar clear cover: 3 in Material: Grade 60 e
Top longitudinal reinforcement Top transverse reinforcement
Bar size: 5 ~ Number: 13 Bar size: 5 w Number: 13
Hooked Hooked
Fully developed Fully developed
Bottom longitudinal reinforcement Bottom tranverse reinforcement
Bar size: 9 v Number: 17 Bar size: 9 v Number: 17
Hoaked Hoaked
Fully developed Fully developed
0K Apply

Cancel

Click OK to apply the data and close the window.
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Similarly define the properties for Column2 and Column3.
Column Components and Geometry — Column 2 and Column 3
Open the Column Components window for each column and select the column concrete material and cross section

type. Then define the geometry in each Column Geometry window as shown below.

M Column Components - Pier] - 3 Column Frame - Column2 — O

. ~
Number of cross-section segments for column: 1

Segment Material Segment vary Cross-section type
Segment 1
3 1 Class A (US) ~ | None - Round hd
Segment 2
D Column Geometry - Column2 — [m| x
Pier Transverse Axis
Column Transverse Axis
——
y
Pier Longitudinal Axis !
Column Longitudinal Axis . P D |
1
1
L
D1
T
| T STA. AHEAD Plan View
5 E— Dimension
egment . . evation (ft)
Segment o Cross-section type Location )
D1 D2 D3 D4 0] D6
1 None Round Top 7132 3
> Bottom 53.75 &
QK Apply Cancel
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™ Column Components - Pierl - 3 Column Frame - Column3 — O

MNumber of cross-section segments for column: = 1

r

Segment Material Segment vary Cross-section type
Segment
5 1 Class A (US) ~ | None N Round e

Segment 2

™ Column Geometry - Column3 - O X

Pier Transverse Axis
Column Transverse Axis

Pier Longitudinal Axis
Column Longitudinal Axis

I T STA.AHEAD Plan View
!

Dimension
Segment e . Elevation )
Segment — Cross-section type Location )
01 D2 D3 D4 D5 D6
> 1 Nene Round Top 7133 3
Bottom 53.75 3
OK Apply Cancel
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Copy Footing
Now the footing can be copied from Columnl to the other two columns. Click on the 12x12 Spread Footing

alternative and select the Copy button from the Manage group of the WORKSPACE ribbon or right click and select

Copy.

o | Bridge Workspace - LRFD Substructure Example 1 ANALYSIS ~ SUBSTRUCTURE  REPORTS 7 - O x
BRIDGE WORKSPACE _ WORKSPACE ~ TOOLS  VIEW  DESIGN/RATE DESIGN REPORTING
73 = o AT
H a & ~ | Il ¥ ﬁ
Sove @ Reverl iose Buport Refresh | Open Copy| Duplicate Delete
Bridge Manage
Workspace # X || Schematic X e x
Bridge  Components
1 Stifiness Analy -
(& PIERS
- TTPierl
é- (& PIER ALTERNATIVES
& TT 3 Column Frame (8) (C)
T Default Materials
‘TT Geometry
- wcap
P Components
X Geometry
@ Reinforcement
3 COLUMNS
- W Columnl
B Components
Il Geometry Analysis 2 X

() Reinforcement Definitions
810
- [ Reinforcement
(3 FOUNDATION ALTERNATIVES
- B 12x12 Footing (E) (C)
I Geometry
- [ Reinforcement
B Column2
B Components
I Geometry
(& Reinfarcament Definitions.
-
[ Reinforcement
3 FOUNDATION ALTERNATIVES
- W Column3
8 Companents

Now select the FOUNDATION ALTERNATIVE node for Column2 and click the Paste button from the Manage
group of the WORKSPACE ribbon or right click and select Paste.

Al
u Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS ? - o X

BRIDGE WCORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING

M asZ |1
Paste

save @ R Cioce Eyport Refresh New

Bridge Manage

%
X
%
X

Workspace # X | Schematic

Bridge  Components

o Stiffness
(3 PIERS
& TT Pierl
& £3 PIER ALTERNATIVES
=TT 3 Column Frame () (C)
LT Default Materials
TT Geometry
- WP Cap
TP Companents
A Geometry
7 Reinforcement
2 COLUMNS
&+ W Columnl
B Components
];[ Geometry Analysis
() Reinforcement Definitions
8210
[ Reinforcement
() FOUNDATION ALTERNATIVES
B Wl 12412 Footing (E) {C)
} Il Geometry
m

%
x

- W Column2

B Compaonents

I Geometry

(3 Reinforcement Definitions

E 810

B Reinforcement

(&3 FOUNDATION ALTERNATIVES
= W Column3

B Components

R
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Repeat this process for Column3 as well.

Similarly copy the reinforcement details to Column 2 and Column 3.

The partially expanded Bridge Workspace (BWS) tree is shown below.

r

Workspace

Bridge Companents

"

- 0 X

=}

= @ LRFD Substructure Example 1
&l
B2 Diaphragm Definitions

- [ Lateral Bracing Definitions

- MPFLRFD Multiple Presence Factors
- EC Environmental Conditions

2 com panents

-+ OF Design Parameters
-

|2 SUPERSTRUCTURE DEFINITICNS
- bf Simple span structure (right support is rolled)
- bf Simple span structure (left support is ralled)
- bf 2 Continuous span

- [E3 BRIDGE ALTERNATIVES

- My 2 span bridge () (C)
(- #My Continuous span steel bridge
=8 M Training Alt
- [ SUPERSTRUCTURES
= Stiffness Analysis
i3 PIERS
=TT Pierl
=R | PIER ALTERNATIVES
2 TT 3 Column Frame (B} (C)
- LT Default Materials
ﬁGeomelry
- W Cap
- & COLUMNS
= M Column
&) Companents
]:l Geometry

- [J Reinforcement Definitions
Reinforcement

= |5 FOUNDATION ALTERNATIVES
#. B 12412 Footing (E) {C)

LColumnd
8 Companents
O Geometry

(& [ Reinforcement Definitions
Reinforcement

= 3 FOUNDATION ALTERNATIVES
E- B 12¢12 Footing

= W Column3

B Components
O Geometry

- @ Reinforcement Definitions
Reinforcement

= &3 FOUNDATION ALTERNATIVES
- B 12x12 Footing

- 'lug Superstructure Loads
o Superstructure Environmental Loads
""" 1+ Substructure Loads
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Pier Alternative — Stiffness

Now that the pier geometry is defined, reopen the Pier Alternative window by double clicking on the 3 Column

Frame node in the BWS tree, navigate to the Stiffness tab and evaluate the slenderness of the pier.

™ Pier Alternative - 3 Column Frame

Description Stiffness Reports
Analysis method

Compute

slenderness ratic Method: First Order Elastic b

Pier longitudinal axis

Sidesway

o Braced Unbraced

Slendemess results

Unbraced length:  17.5

[==]

Gross area: Moment of inertia:

KL/r:

Pier transverse axis

Sidesway

Braced o Unbraced

Slendemess results

Unbraced length: 22,25

Gross area: Moment of inertia:

KL/r:

Name: 3 Column Frame Type: RC Frame Pier

Effective length factor, K@ 0.65

Radius of gyration:

Effective length factor, ki 2

Radius of gyration:

oK Apply

Cancel

BrDR computes the KL/r ratios for the pier longitudinal and transverse axes based on the pier alternative geometry.

The KL/r ratios can independently be evaluated in accordance with AASHTO LRFD Article 5.7.4.3 to determine if
the first order elastic analysis performed by BrDR is satisfactory for this pier.
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Pier 3D Schematic

With the pier alternative 3 Column Frame selected, click on the 3D Schematic button from the SUBSTRUCTURE
DESIGN ribbon or right click and select 3D Schematic as shown below.

u Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS 7 — a x
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
i P = 5 - =
T v [ @ s I = g S
Preliminary Generate  Load load  Analyze Specification Tabular Engine kD)
v Model Combinations Palette Substructure Check Results Qutputs Schematic
Analysis Results
Workspace # X Schematic &K Report # K
Bridge = Components @3 Expand Branch
B @ LRFD Substructure Example 1 Q Collapse Branch
WCumponemx
- O
- [f) Diaphragm Definitions & Open
- [£7 Lateral Bracing Definitions [ copy
~ WFFLRFD Multiple Presence Factors Iﬁ Duplicate
- EC Environmental Conditions ¥ Delete
. D‘P Design Parameters g2 Generate Model
- &2 SUPERSTRUCTURE DEFINITIONS -
vref Simple span structure (right support {45 30 Schematic
\rrd Simple span structure (left support is| (4] Load Combinations
4 2 Centinuous span I~ Analyze
. Analysis B X
|2 BRIDGE ALTERNATIVES |z specification Check V x
M 2 span bridge (E} (C) F= Tobulor Result
M Continuous span steel bridge N ° _U ar esults
& ¢ Training Alt [l Validate
[ SUPERSTRUCTURES @
bt Stiffness Analysis @_ \
B 2 PIERS
B TT Pierl 2k General Preferences
& (&3 PIER ALTERNATIVES Ed Close Bridge Workspace
#- TT 3 Column Frame (E) (€]
L
Schematic — 0O X

3D Schematic
e te o @O Q) Unear v .

Superstructure Reference Line
“"-,.,‘ Station Ahead
"~ ~ z

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.
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Select the Properties button to open a window to select features to be displayed in the 3D Schematic. The schematic
shown below was created by selecting to display the gross geometry dimensions and elevations on the View

Properties: Dimensions tab.
Schematic

3D Schematic
Hy e e @8] Q) Linesr v

Properties

41

Superstructure Beference Line
T . Station Ahead

[ view Properties — O X

General Labels Dimensions Scales

Solid Model

Detailed

B Gross geometry

Elevations

QK Apply Cancel
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Schematic

3D Schematic
et e @O rer

Superstructure Reference Line
T~

T~ Station 00, ft

El. 50.00 ft

El. 50.00 ft

Validating a Pier Alternative

EL. 50,00 ft

2 It’s a good idea to view
the Isometric View in the
schematic to be sure that the

girders are sitting on the pier.

Another useful feature is to validate the pier alternative once the geometry is defined. The 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 VValidate as shown below.

u Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS 7 = a
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
EiE p = - —
B2 o) [ = 3 ] g ey
Preliminary Generste  Load load  Analyze Specification Tabular Engine 30
~ Model Combinations Palette Substructure Check Results Qutputs Schematic
Analysis Results
Workspace % X || Schematic % X || Report

D Expand Branch
@ Collapse Branch

Bridge  Components
B @ LRFD Substructure Example 1
[ Components
[Z7 Diaphragm Definitions
[ Lateral Bracing Definitions
HPF LRFD Multiple Presence Factors
EC Environmental Conditions

Open
Copy
Dugplicate
Delete
OF Design Parameters
) SUPERSTRUCTURE DEFINITIONS
i yrrf Simple span structure [right support i

Generate Model

3D Schematic

\rrf Sirnple span structure (left support is Load Combinations

Yrrf 2 Continuous span
|2 BRIDGE ALTERNATIVES
B ¢ 2 span bridge (E) (C)
M Cantinuous span steel bridge
B Training Alt
-- [ SUPERSTRUCTURES
=)

Analyze

Specification Check
Tabular Results

Validate

Summary Report

1 Stiffness Analysis iew Detailed Report
(&3 PIERS
B TT Pierl
Z (3 PIER ALTERNATIVES

TT 2 Column Frame () (C)

General Preferences

Be oneERADRNEY @0

Close Bridge Workspace
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This opens a window which contains warnings and errors if the pier alternative description is in error or missing data.

Report

Validation - 3 Column Frame

Total Number of Messages: 17
Number of Information Messages: 17
Number of Warning Messages: o
Number of Error Messages: o

Pier Alternative: 3 Column Frame
3 Column Frame (Frame Pier Alternative)
Columni (Column)
Existing foundation alternative: 12x12 Footing
Current foundation alternative: 12x12 Footing
12x12 Footing (Foundation Alternative)
No errors or warnings.
Column2 (Column)
Existing foundation alternative; 12x12 Footing
Current foundation alternative: 12x12 Footing
12x12 Footing (Foundation Alternative)
No errors or warnings.
Columns (Colummn)
Existing foundation alternative: 12x12 Footing
Current foundation alternative: 12x12 Footing
12x12 Footing (Foundation Alternative)
No errors or warnings.
Wo errors or warnings.

- 0o X

BrDR allows the user to control if validation should be performed before any FE analysis or specification check is

performed. Validation prior to the analysis or specification check may help identify missing data prior to the analysis.

This can be turned off by unchecking the box on the Preferences: Analysis tab from Bridge Explorer as shown below.

BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW

Ij = & Import dé '—‘_ ‘b
New Open © Batch v g (;py Copy
Tav

Bridge Manage

-7 Favorites Folder
[ Recent Bridges
@ Al Bridges 3 TrainingBridge3
¥ Sample Bridges 4 PClTrainingBridge 1

@ Deleted Bridges 5 PClTrainingBridge?

6 PCTrainingBridge3

BID Bridge ID Bridge Name
Training Eridge 3{LRFD)

PCI TrainingBridge1(LFR)
PCITrainingBridge2(LRFD)

PCI TrainingBridge3(LFR)
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©

® Ppreferences

2

Database information
Export
Import
® Help
License

Exit

Database information
Connected

Build date

Version

BrM and BrDR share this database

Database connection and driver info
Server name localhost
DataSource name localhost
Database name  AASHTOWareBr7
DBMS name SQL Server Datak
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E Preferences 3
Bridge Explorer Bridge Workspace Confirmations Report Tool ns
Default analysis settings template Cancel

Analysis output
Analysis engines report folder

n Use the current user's "My Documents" folder Browse.

Analysis cache folder

Use user defined file path Br

np CAASHTOWareCache-7.5.1.1

Number of line girder analyses to cache: 15

Number of 3D FEM analysis to cache: 15

Clear cache
n Issue warning at startup for network drive

Analysis output viewer

Use alternate viewer

=]

Floorbeam analysis

Automatically save the new computed stringer reactions

Remove previous analysis results befor nning a new analysis
Validate before substructure analysis

Enable analysis option for line girder analysis

Load Palette

Click on the Load Palette button from the Analysis group of the SUBSTRUCTURE DESIGN ribbon. Apply the
following selections and click OK to close the window.

M Load Palatte - m} X
Use d::lff:e:d QOverride Use dler:’::l"luetd Cverride
oc @ v EH Active NA
ow @ v EH At-Rest NA
[T - | v
PL X
il N
ER X TG MNA
T RA SH X
wa % v R NA
ws @ v SE NA
we @ v FR X
v MNA
Select all Clear all Open template  Save template 0K Cancel
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Topic 3 - Pier 2 — Frame Pier Example

This topic is the third of four in a series describing the entry and analysis of a reinforced concrete multi-column frame
pier in BrDR Substructure. In this example, two independent prestress simple span superstructures are supported by a
3 column frame pier. These 2 superstructures are not made continuous for live load so the pier supports two

independent superstructures. If the prestress spans were made continuous for live load, the pier would support 1 two-

span continuous superstructure.

Note: Topics 1 and 2 in the series must be completed before entering this topic. 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.

Superstructure Loads

This section discusses loads acting on the pier. The first thing to review is the following axis convention that is used

for the superstructure and pier axes.

|
Superstructure transverse axis —»|

|
|
|
|
Pier transverse axis —». |

f—Pier longitudinal axis

Superstructure reference line

Stations Ahead

N
N -
|
! Pier Skew Angle
Back Span I Ahead Span
N AN
Positive ' Negative
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For the 3 Column Frame, double click on the Superstructure Loads node as shown below.

Workspace -0 X

Bridge Components

E- ¢ LRFD Substructure Example 1
- [ Components
- B Diaphragm Definitions
- [ Lateral Bracing Definitions
- MWPFLRFD Multiple Presence Factors
- E& Environmental Conditions
- DOF Design Parameters
B ) SUPERSTRUCTURE DEFINITIONS
= b Simple span structure (right support is rolled)
= b Simple span structure (left support is rallad)
Wit 2 Continuous span
- | BRIDGE ALTERMATIVES
- §M 2 span bridge (E) (C)
- My Continuous span steel bridge
E8 M Training Alt
-- [ SUPERSTRUCTURES
=

= Stiffness Analysis
- &) PIERS
B TT Pierl
B |2 PIER ALTERNATIVES
2 TT 3 Column Frame (E) (C)
T Default Materials

- ﬁGeometry
- [ coLumns
ol Superstructure Loads
- Superstructure Environmental Loads
+ Substructure Loads

The Superstructure load generation progress window appears as shown below.

M Superstructure load generation progress

Info: Using created model domain...
Computing braking forces on superstructure...

Computing forces due to braking forces on the superstructure...
Computation of forces due to braking forces on the superstructure...

Info: Braking forces computed successfully!

Analysis completed!

*

¥ If one of the Load windows is
opened before you define the pier
geometry, an error message will be
displayed stating that the geometry
needs to be defined. The Load window

will open but data will be missing.

Print OK
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BrDR computes some of the superstructure loads on the pier when the Superstructure Loads window is opened. This

window lists details about how BrDR computes the loads and may contain warning and error messages. This window

always appears after BrDR computes any loads. Click OK to close this window. This opens the Superstructure Loads

window.

M Superstructure Loads-Pier1-3 Column Frame

Back span

Span no.:

Superstructure definition:  Simple span structure (right support is rolled]

Computed reactions

Results timestamp:

Back span

Computed reactions

DL FR LL settings LL-reaction LL distribution back LL distribution ahead

Ahead span

Span no.:

Superstructure definition:

Compute DL reactions Compute LL reactions

(kip)
DC load G1 G2 G3 G4 G5
» | Nen-composite (Stage 1) :
Composite (long term) (Stage 2) v
< >
Computed reactions
(kip)
DW load G1 G2 G3 G4 G5
» | Non-compoasite (Stage 1) :
Compeasite (long term) (Stage 2) v
L] >
Override reactions
Use overide values
Back span
Override reactions
(kip)
G1 G2 G3 G4 G5 G6
> | DC
DW

Simple span structure (left support is rolled)

LL distribution back ahead

Pier skaw:

%

> The user must check Use
override values if user-defined
loads are to be used in the pier

finite element analysis.

OK Apply Cancel
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The Compute DL reactions button will launch a batch superstructure analysis. Superstructure load generation

progress window opens detailing the analysis progress. BrDR Substructure will then compute the friction forces if
the pier contains sliding bearings.

&My Superstructure load generation progress X

Info: Using updated model domain...
Computing forees due to dead load of the superstructure...
Computation of forees due to dead load of the superstructure...
Planning Superstructure Dead Load calculations...
Member Alt: [2 Continuous span] :: [G1] :: [Exterior girder]
Initializing the analysis...
Member Alt analysis started...
Member Alt: [2 Continuous span] :: [Ga] :: [Interior girder]
Initializing the analysis...
Member Alt analysis started...
Member Alt: [2 Continuous span] :: [G3] :: [Copy of Interior girder]
Initializing the analysis...
Member Alt analysis started...
Member Alt: [2 Continuous span] :: [G4] :: [Copy of Interior girder]
Initializing the analysis...
Member Alt analysis started...
Member Alt: [2 Continuous span] :: [G5] :: [Copy of Interior girder]
Initializing the analysis...
Member Alt analysis started...
Member Alt: [2 Continuous span] :: [G6] :: [Copy of Exterior girder]
Initializing the analysis...
Member Alt analysis started...
Populating Dead Load Reactions in the model domain.
Info: Dead load reaction forces computed successfully!
Analysis completed!

Print OK

The computed dead load reactions will be displayed in this window and the computed friction forces will be displayed
on the FR tab. This bridge has elastomeric bearings, so the friction forces are not computed.

Since this pier supports two independent superstructures, this tab displays the dead load reactions for both the back
and ahead span superstructures.

An option is available to the user to override the values computed by BrDR for the loads. Check the checkbox Use

override values for these override values to be used in the pier finite element analysis.

) Superstructure Loads-Pier!-3 Column Frame - o x
Back span Ahead span
Span no: Span no:
" i Bier skew:
Superstructure definition: 2 Continuous span Superstructure definition: 2 Continuous span
FR Lisettings LL-reaction LL-distibution  BR
Computed reactions
Results timestamp:
Continusus span
Computed reactions
(kip)
DC load 61 (=] =] G4 | e G
> Non-composite (Stage 1) 1553831597 | 175.6565972 | 1756565072 | 1756...| 1756...| 1553,
Composite (long term) (Stage 2) | 273654514 |  27.3654514| 273654514 27.36..| 27.36.. | 27.36..
Total 1827486111 2030220486 2030220486 2030..| 2030..  1827.
Computed reactions
(kip)
DW load Gl G @ @ G G
> Non-composite (Stage 1)
Compasite (long term) (Stage 2)
Total
Override reactions
Us
Continuous span
Override reactions
(kip)
@ | @ | & G4 =] G6
DC
ow
Compute DL reactions  Compute LL reactions
oK Apply Cancel
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The friction loads would be displayed on the FR tab shown below if this bridge had sliding bearings. The Override
button opens a window where the user can override values for the friction loads. Remember, these values will only be
used in the pier finite element analysis if the Use override values box is checked on this window. The Calcs button

will open a report detailing the calculations BrDR performed to compute the friction forces.

M Superstructure Loads-Pier1-3 Column Frame - o0 X
Back span Ahead span
Span o Span nos
" " Pier skew:
Superstructure definition: 2 Continuous span Superstructure definition: 2 Continuous span
DL LLsettings  Ll-reaction  Ll-distribution  BR
Input
AASHTO LRFD spec article 3.13 friction force
Moment
[ Consider moment
Bearing radius:
Loads
Display
O computed | Overice Use override values | Override. Cales.
Superstructure does not exist and thus na force is computed.
Superstructure longitudinal force
(kip)
¢ | @ @ | & & | G
Compute DL reactions | Compute LL reactions
oK Apply Cancel
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The LL settings tab allows the user to specify loading constraints for the transverse live load analysis.

& Superstructure Loads-Pier] -3 Column Frame - O x
Back span Ahead span
Span no: Span no:
i i Pier skews:
Superstructure definition: 2 Continuous span Superstructure definition: 2 Continuous span
LR Li-reaction  LL-distribution  BR
Live loading type
O Userdefned anes Scan for contralling load positions
Automated
Transverse Loading V
Vehicle increment in lane:
Lane increment: The settings on this tab

Move vehicle right to Ieft across travehway:

greatly affect the time

Load pattern description Live load positions R . R
Leed loadpatter 1 . required for a pier analysis.
Description
pattern

Number of vehicles: 1

1| 1lane positive moment
Distance from left

1 lane centered Vehicle | edge of travelway

1 lane pushed to left

2 lanes positive moment > 1 9.62

2

3

4

5 2 lanes centered
6 3 lanes

7

4 lanes

New Duplicate Delete

Compute DL reactions  Compute LL reactions

oK Apply Cancel

Each transverse live load position is a load case in the finite element analysis. The data entered on this tab can greatly
affect the time required for analysis. If there is a wide travelway and small values for the vehicle increment and lane
increment, the analysis will take a longer time than if having larger values for the vehicle and lane increment. Likewise,
checking the box to move the vehicles from right to left across the travelway will double the number of live load cases
in the pier finite element analysis. If user defined lanes are selected as live loading type, user can create their own load
patterns at the bottom. If Scan for controlling load positions is not checked, the analysis will check all the live load
positions defined.
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The Compute LL reactions button will initiate a longitudinal live load analysis of the superstructure carried by the
pier and compute the braking forces acting on the pier.

M Superstructure Loads-Pier1-3 Column Frame - 0O X
Back span Ahead span
Span no. Span no.:
" P Bier skew:
Superstructure definition: 2 Continuous span Superstructure definition: 2 Continuous span
Computed reactions
Result timestamp:
Single lane
Vehicle Vehicle type reaction
(kip)
HL-93 (US) Axde Load 712923077
HL-93 (US) Truck Pair 1253926154
HL-93 (US) Lane 103.792
HL-93 (US) Tandem 498884615
Calcs...
Compute DL reactions  Compute LL reactions
oK Apply Cancel

The vehicles used in the analysis are dependent on both the Design Mode selected on the BrDR Substructure Toolbar
and the LRFD Substructure Design Settings chosen on the Pier Alternative: Description window.

This longitudinal live load analysis computes the single lane reaction for each vehicle. The Calcs button displays a
report of the single lane reactions computed by BrDR.
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The LL-Distribution tab allows the user to view the BrDR computed live load reactions distributed for a pier analysis
or enter user defined distributed live load reactions.

D Superstructure Loads-Pierl-3 Column Frame - O e
Back span Ahead span
Span no: Span no:
" " Pier skew:
Superstructure definition: 2 Continuous span Superstructure definition: 2 Continuous span
DL FR LL settings LL-reaction
Distribution method g
uhon metho 20| B0 J2
Q) Tibutary area wh i
B T
10'lane
Rigid deck action e (Reaction 1]
Loads
Display
o Computed Override Use override values  Override...
Without dynamic load allowance
Single lane  Axle load  Uniform
Vehicle Vehicle type reaction load P loadw
(kip) (kip) (kip/ft)
> HL-93 (US) | Truck + Lane 175.0843077 32 143084
HL-93 (US) | Tandem = Lane 153.6804615 25| 12.8680..
HL-93 (US) | 90%(Truck Pair « Lane) | 206.2661538 288| 17.7466..
With dynamic load allowance
Weighteq  SNElelane  fulelcad  Uniform
Vehicle Vehicle type DA | "eaction load P load w
(lip) {kip) (kip/ft)
> HL-93 (US) | Truck = Lane 1343722 | 1986107692 | 3629991 16.2310..
HL-93 (US) | Tandem + Lane 1071261 | 170.1436538 | 27.6781531 | 14.2465...
HL-93 (US) | 90%(Truck Pair + Lane) | 1805512 243.5077606 33.9998753  20.9507..
Compute DL reactions  Compute LL reactions
oK Apply Cancel
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The Braking force tab BR is shown below.

M Superstructure Loads-Pierl-3 Celumn Frame

Back span

Span no:

Superstructure definition: 2 Continuous span

DL FR L

Input
AASHTO LRFD spec article 3,64 braking force
Langitudinal lead distribution aption:

Back superstructure length:

Number of lanes in same direction: 3
Loads
Display Num
©Q Computed | Override -
lanes
Use override values 1

Back span
Num.l: G1 G2 G3
> 1 36 36 36
Num.k  G1 G2 G3
> 1 0 0 0
Num.l. 61 G2 G3
> 1 0 0 0

Compute DL reactions  Compute LL reactions

gs  Ll-reaction  LL-distribution

Superstructure longitudinal force

Superstructure transverse force

Vertical reaction due to transverse force

Ahead span

Span no:

Pier skew:

Superstructure definition: 2 Continuous span

BR

1 111

Override...

q=p

4=

Apply

Cancel

Click OK to apply the data and close the window.
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Superstructure Environmental Loads

Double click on the Superstructure Environmental Loads node to open the Superstructure Environmental Loads

window as shown below.

M Superstructure Environmental Loads - Pier1 - 3 Column Frame — O x

Back span Ahead span Pier skew:

Span no. Span no. Wind load hasis

Superstructure definition: 2 Continuous span Superstructure definition: 2 Continuous span

Input
AASHTO LRFD Spec Article 3.8.1.2.2 Loads from Superstructure

Transverse load distribution option: Friction velocity, VO:
Transverse superstructure length: Friction length, 70
Superstructure design elevation: Base design wind velocity, VB:
Design height, Z: V30

Override design height, Z ft

Loads fi ind from left to right

D

c - o Override... Cales...
O computed | Overide Use override vales

Superstructure longitudinal force (kip)

Wind
skew angle G1 G2 G3 G4 G5 G6
(Degrees)
>0 74307639 | 74307639 74307639 7.4307639| 74307639 74307639 —
15 6.5390722 | 65390722 | 65390722 | 65390722 | 6.5390722 | 6.5390722 I
30 6.0932264 | 60932264 60932264 60932264 | 6.0932264  6.0932264
a5 20042047 | AGNANA3 | AGNA2NA72 | AONAANAD | 40042047 | A 0NA0AT v
Superstructure transverse force (kip) Vertical Reaction due to transverse (kip)
Wind Wind
skew angle G1 G2 G3 G4 G5 G6 skew angle G1 G2 G3 G4 G5 G6
(Degrees) (Degrees)
>0 0 0 0 0 0 0 HIEX 25544736 | 15326842 | 05108947 | -0.51089..| -1.53268.. | -2.55447.. =
15 -0.89160... | -0.89169..| -0.89169.. | -0.89160..| -0.89160.. -0.89169.. I 15 2.2479368 | 13487621 04495874 -0.44958..| -1.34876.. | -2.24793.. I
30 -1.78338.. | -1.78338..| -1.78338..| -1.78336..| -1.78338..| -1.78338.. 30 20946684 | 1.256801| 04189337 | -0.41893..| -1.256801| -2.09466...
as 237784 | 237784 | 237784 | 33779 | a373ea | 33770 v as 16250526 | 10115716 n237ians | n22710 | _amis7 | 1gesos L
Compute
oK Apply Cancel

The top of the screen displays values computed by BrDR that are used to compute the wind on superstructure loads
on the pier and in some cases BrDR allows the overriding of some of this data. The bottom of the screen displays
loads on the superstructure members for wind blowing from left to right. BrDR allows users to specify which direction
the wind should blow in the actual pier finite element analysis in the Load Combination Settings window. This will

be discussed later in the tutorial.
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The overturning wind on superstructure load window is shown below.

£ Superstructure Environmental Loads - Pier] - 3 Column Frame - [m]
Back span Ahead span Pier skew:
Span no.: Span no.: Wind load basis
Superstructure definition: 2 Continuous span Superstructure definition: 2 Continuous span 2=
‘WS-super WL v SH
Input
AASHTO LRFD sec article 3.8.2 vertical wind pressure
Transverse superstructure length: :
Deck Width:
Vertical upward wind pressure: .02 ksf
Loads for wind from left to right
Display
Q) computed || Override Use override values Overtide-. Cales..
Owverturning force:
Vertical reaction due to
overtruning force
(kip)
G1 G2 G3 G4 G5
» 49.6811626 387353642 27.7895658 16.8437675 5.8979691
Compute
oK Apply Cancel
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The wind on live load tab is shown below.

Back span

Span nos

‘WS-super WS-over

Input

Display

o Computed

Wind
skew angle
{Degrees)

>0
15
30
45

Wind
skew angle
(Degrees)

Compute

Superstructure definition: 2 Continuous span

£ Superstructure Environmental Loads - Pier] - 3 Column Frame

Ahead span

Span

]

AASHTO LRFD Spec Article 3.8.1.3 Wind presuure on vehicles

Transverse load distribution option:

Loads for wind from left to right

Override..
Override Use averride values

Superstructure longitudinal force (kip)
G1 G2 G3 G4 G5

0 0 0 0 0

-0.26 -0.26 -0.26 -0.26 -0.26
-0.52 -0.52 -0.52 -0.52 -0.52
-0.69333...| -0.69333..| -0.69333..| -0.69333..| -0.69333..

Superstructure transverse force (kip)
G1 G2 G3 G4 G5

21666667 | 2.1666667 | 2.1666667 | 21666667  2.1666667T
1.8066667 | 1.9066667 | 19066667  1.9066667 | 1.9066667
17766667 | 17766667 | 1.7766667  1.7766667 | 17766667

143 143 143 143 143

no.

Superstructure definition:

WL

2 Continuous span

I T ITT

Calcs...

G6

0

-0.26
-0.52
-0.69333...

G6

2.1666667
1.9066667
1.7766667

143

Wind
skew angle
(Degrees)

>0
15
30
45

Pier skew: De

Wind lead basis

Vertical reaction due to transverse force (kip)

G1

21402581
1.8835151
17550936
14126363

G2

1.2842148
1.1301091
1.0530562
08475818

G3 G4 G5

04280716 -042807..  -1.28421..

0376703 | -0376703 | -1.13010...
03510187 | -035101... | -1.05305...
0.2825273 | -0.28252.. | -0.84758..

oK

G6

-2.14035...
-1.88351...
-1.75508...
-141263...

Apply

»

Cancel
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The superstructure temperature load tab is shown below.

£ Superstructure Environmental Loads - Pier] - 3 Column Frame -
Back span Ahead span Pier skew:
Span no. Span nos

Wind load basis
Superstructure definition: 2 Continuous span Superstructure definition: 2 Continuous span

WS-super WS-over WL SH
Input
AASHTO LRFD spec article 3.12.2 uniform temperature

Application type
Temperature rise:

Temperature fall
Computed based on steel super.

Loads

Temperature rise force:

kip
Temperature fall force: kip
Superstructure lengitudinal force
(kip)
G1 G2 G3 G4 G5 G6
» | Rise 0 0 0 0 (1] 0
Fall

4 -

Compute

oK Apply Cancel

BrDR does not compute the superstructure temperature load. These values must be entered.
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The superstructure shrinkage tab is shown below.

£ Superstructure Environmental Loads - Pier] - 3 Column Frame [m]
Back span Ahead span Pier skew:
Span no.: Span no.: Wind load basis
Superstructure definition: 2 Continuous span Superstructure definition: 2 Continuous span
WS-super WS-over WL v
Input
AASHTO LRFD spec article 3,12 shrinkage
Application type
Loads
Shrinkage force: kip
Superstructure longitudinal force
(kip)
G1 G2 G3 G4 G5 G6
3
Compute
oK Apply Cancel

BrDR does not compute the superstructure shrinkage load. These values must be entered.
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Substructure Loads

Double click on the Substructure Loads node in the BWS tree to open the window shown below.

D Substructure Loads - Pier! - 2 Column Frame
Back span Ahead span
Span no: 1 Span no.

Superstructure definition: 2 Continuous span

TU & SH

Input

AASHTO LRFD Spec Article 3.8.1.2.3 Forces Applied Directly to the Substructure

Base wind pressure: 004 ksf  Friction velocity, VO:
Top of cap elevation: Friction length, Z0:

Bottom of cap elevation: Base design wind velocity, VB:

Ground elevation: V30
Loads for wind from left to right
Display Override...
© Computed () Overie Use override values
Cales..
Design .
Component | height i
Z(f)
Cap 004
Column 004
004
Column3 004

Compute

Superstructure definition:

Wind skew angle | Wind skew angle {deg)  Wind skew angle | Wind skew angle (deg)

2

2 Continuous span

Wind skew angle

(deg) 15 (deg) 45 (deg)

Component 0 0 &
PDlong. | PD tran. pD(k‘:")‘g' pD(kg"' PDlong. | PD tran pD(k':gg‘ PD(:;”‘ PDlong. | PDtran.
(ksf) (ksf) (ksf) (ksf) (ksf) (ksf)
> e 004 0| 0038637 | -00103528| 0034641  -002| 00282843 | -00282043 002 -0.034641
Columnl 004 0| 0038637 -00103528 | 0034641  -002 | 00282843 | -00282843 002 | -0.034641
Column2 004 0| 0038637 -00103528 | 0034641  -002 | 00282843 | -00282843 002 | -0.034641
Column3 004 0| 0038637 -00103528 | 0034641  -002 | 00282843 | -00282843 002 | -0.034641

Pier skew:

Wind load basis

Apply

Cancel
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The substructure temperature and shrinkage tab is shown below.

4@ Substructure Loads - Pierl - 3 Column Frame

Back span

Span no.: 1

Superstructure definition: 2 Continuous span

TU & SH

Input

AASHTO LRFD Spec Article 3.8.1.2.3 Forces Applied Directly to the Substructure.

Base wind pressure: 004 ksf  Friction velocity, VO:

Top of cap elevation: Friction length, ZC

Bottom of cap elevation: Base design wind velocity, VB:

Ground elevation: v30:
Loads for wind from left t right
Display Override.
O Computed | Cverride Use override values
Calcs..
Design
Component | height (EE')
zZid
Cap 004
Columnl 004
004
Column3 004

Wind skew angle  Wind skew angle [deg)  Wind skew angle

(deg) 15 (deg)

Companent 0 30
PDlong. PD tran. P[ik‘;';g' pD(k"s;"' PDlong.  PD tran.
(ksf) (ksf) (ksf) (ksf)
> cap 004 o 0038637 -00103528| 0034641 -002
Column1 004 0| 0038637 -00103528| 004641 -002
Column2 004 0| 0038637 -00103528| 004641 -002
Column3 004 0| 0038637 -00103528| 004641 -002

Compute

Span no:

Superstructure definition:

Ahead span

2

Wind skew angle (deg)

5
PDlong.  PDtran.
(ksf) (ksf)
00282843 | 00282843
00282843 | 00282843
00282843 | 00282843
00282843 | 00282843

Pier skew:

‘Wind load basis

2 Continuous span

Wind skew angle

(deg)

60
PDlong. | PD tran.
(ksf) (ksf)

002 | -0.034641
002 | -0.034641
002 | -0.034641
002 | -0.034641

Apply

Cancel

Click OK to close the window.
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Topic 4 - Pier 2 — Frame Pier Example

This topic is the fourth of four in a series describing the entry and analysis of a reinforced concrete multi-column
frame pier in BrDR Substructure. In this example, two independent prestress simple span superstructures are supported
by a 3 column frame pier. These 2 superstructures are not made continuous for live load so the pier supports two
independent superstructures. If the prestress spans were made continuous for live load, the pier would support 1 two-

span continuous superstructure.
Note: Topics 1, 2 and 3 must be completed in the series before entering this topic. 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.
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BrDR SUBSTRUCTURE DESIGN Ribbon

The following ribbon is available in BrDR Substructure when the pier alternative is selected in the Bridge Workspace

tree.
E Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS ? — a x
BRIDGE WCRKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
OE ; =2 - -

g 1574 B EEE| &= 3 : & }1”
Preliminary Generate Load Load Analyze  Specification | Tabular Engine iD

v Model Combinations Palette Substructure Check Results Qutputs Schematic

Analysis Results

v
@

10.
11.
12.

4 3433+
© © 00 0 00 00O

Design Mode - Specify the design mode as either Preliminary or Final. This determines which LRFD
Substructure Design Settings are used in the pier analysis based on the design settings chosen on the Pier
Alternative: Description tab.

Generate Model — Opens the Model Settings window which allows the user to define parameters BrD/BrDR
will use to generate the finite element model of the pier alternative.

Load Combinations - Opens the Load Combination Settings window where the user specifies the load
conditions to be considered when BrDR performs a pier analysis.

Load Palette - Opens the Load Palette window where the user select the load types to be included in the
finite element analysis of a pier alternative.

Analyze Substructure - Initiates the finite element analysis of the pier alternative.

Specification Check - Conduct LRFD specification check for the pier alternative.

Tabular Results - Opens the Tabular Results window where the user can create summary reports of
analysis output data for the pier finite element analysis.

Specification Check Detail - It allows the user to review the LRFD specification checks based on the LRFD
analysis results.

Engine Outputs — Opens a window displaying all the result files generated for the analyzed member.
Results Graph — Opens the Results Graph for the analyzed member.

Soil Plot — Opens the Soil Plot window for the selected foundation alternative

3D Schematic. Open the pier alternative 3D schematic for viewing the pier alternative.
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Finite Element Model

This section covers the creation of the finite element model and the analysisof the pier.

Select the pier alternative — 3 Column Frame in the bridge workspace tree and click on the Generate Model button
from the Analysis group of the SUBSTRUCTURE DESIGN tab or right click and select Generate Model as shown

below.
r
E Bridge Workspace - LRFD Substructure Example 1 ANALYSIS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE
¥ Lo f—
e B0
Load Load Analyze  Specification | Tabular
Combinations Palette Substructure Check Results
Analysis
Workspace & X Schematic
Bridge Compaonents Expand Branch
= LRFD Substructure Example 1 Collapse Branch
- @Componenu

- [V Diaphragm Definitions

- [ Lateral Bracing Definitions

- WPFLRFD Multiple Presence Factors
- E& Environmental Conditions

Cpen
Copy
Duplicate
Delete

- DF Design Parameters

B ) SUPERSTRUCTURE DEFINITIONS

Generate Model

- b Simple span structure {right suppq
- b Simple span structure {left suppon
- b 2 Continuous span
- &3 BRIDGE ALTERNATIVES
- T 2 span bridge (E) (C)
M Continuous span steel bridge
=8 {4 Training Alt

-- (&7 SUPERSTRUCTURES

.

-t Stiffness Analysis
= | PIERS

3D Schematic

Load Combinations
Analyze

Specification Check
Tabular Results
Validate

View Summary Report

View Detailed Report

~
SUBSTRUCTURE REPORTS ? - a x
DESIGN REPORTING
g Jo
Engine D
Qutputs Schematic
Results
4 Report A 4
4

B TT Pierl

=8 | PIER ALTERMATIVES

General Preferences

Close Bridge Workspace

B TT 3 Column Frame (E)

SE&s e AnREYE RS [0
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The Model Settings window will appear. This window allows the user to define the parameters BrDR will use to

generate the finite element model of the pier.

D Model Settings - 3 Column Frame

Default parameters Points of interest Member releases

Default nodes are located at beam reaction points, cross-section changes, cap/eolumn centerling intersections,
intersection of cap and column faces, column/footing interfaces, and bottom of foundations.

Cap elements

. ”
Number of equal elements in a cap span: 2 Bottom of Column
Column elements Longitudinal
Mumber of equal elements in a column segment: 10 Column Support Spring
o constant

WP | ip-infrad)
Footing element type s Columnl | Fixed
0 Hene Columng | Fixed

Column3 | Fixed ™

Column/wall mement of inertia
Use cracked moment of inertia
Top of column/wall: %

Bottom of column/wall: %

Generate model

Provide moment release between tops of columns and cap

Transverse
Spring
3 rt
Hppo constant
type [kin_infrad)

%

J Hit F1 while in this window is
open to access the BrDR help file
which contains a link to the BrDR
Substructure Model Generation
User Manual which contains a
detailed description of how BrDR
generates the FE model.

Increase the number of elements in the cap as shown above. For components whose cross section properties vary over

the length of the component, increasing the number of elements will result in a closer match between the finite element

model properties and the actual pier properties as shown below.

Cross-sectional
properties for member@
are computed from }
geometry at middle of ®
member

Actual Column Approximated Column
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The Points of interest tab allows the user to define additional nodes in the pier finite element model in addition to the

default nodes generated by BrDR Substructure. Add a point of interest 5 feet from the bottom of Column1 as shown

below.

M Model Settings - 3 Column Frame

Default parameters Points of interest Member releases

Default nodes are located at beam reaction points, cross-section changes, cap/column interfaces,
intersection of cap and column faces, column/footing interfaces, and bottom of foundations.

Cap additional points of interest Column additional points of interest
Distance from Distance from
left end of cap Column bottom of column
(ft) (ft)
> | Columnl 3
New Duplicate Delete New Duplicate Delete

Generate model

OK

Apply

Cancel

The Member releases tab allows the user to define member releases in the finite element model of the pier alternative.

Adding a member release on this window creates a node at that location with the corresponding releases. In this

example, no member releases will be added.

M Model Settings - 3 Column Frame

Default parameters Points of interest Member releases
Cap Column
Distance from | Degree Distance from  Degree
left end of cap of Column | bottom of column of
(ft) freedom {ft) freedom
Nev cate De New Duplicate D

Generate model

OK

Apply

QThese member releases

are in the local member

coordinate system.

Cancel

Click Apply to apply the data on this window. Then click the Generate Model button to generate the FE model. Then

click OK to close the window.
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Open the pier alternative 3D schematic and view the FE model generated by BrDR. Select the Properties button on

the 3D schematic ribbon.

Schematic - 0o x
3D Schematic
e tr x @B 0 e .
Properties
Superstructure Reference Line
"'.\ Station Ahead ,
- Py ~ l-"“
v

Select the following settings to turn on display of the FE model in the schematic. Also select Nodes on the Labels tab

to include the node numbers in the schematic.

[ view Properties - [m] X | [l view Properties - [m} x
Labels Dimensions Scales General Dimensions Scales
FE Model Solid Model
Nodes C] Solid mode
Beams Wire frame Beam numbers
Peint of interest Finished groundline
Supports Water level
Member releases
Rigid links
Axes
Analysis results
Select All Clear All
¥ Turn off display of the Solid
Model to view the FE Model.
The Wire Frame may also need
oK Apply Cancel turned off for viewing round
columns.
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Click OK and the 3D schematic appears as follows.

Schematic -

3D Schematic

e te o @ ®|Q) tnear -

L.

Notice node 0 in Columnl. This is the point of interest added 5” above the bottom of the column.
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Pier Analysis

Loads

To select the loads to be included in the analysis, open the Load Combination Settings window from the right-click
menu for the pier alternative or from the SUBSTRUCTURE DESIGN ribbon as shown below.

r Bl
E Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS ? — [m] X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
ElhE — =
$ B2 o= = =g Jo
Preliminary Generatg Load Analyze  Specification | Tabular Enging 3D
hd Medel | Combinations |Palette Substructure  Check Results Qutputs Schematic
Analysis Results
Workspace =X Schematic X Report Erli s
Bridge Components %3 Expand Branch
El- @ LRFD Substructure Example 1 @ Collapse Branch
B [ Components
- [ Diaphragm Definitions = Open
[ Lateral Bracing Definitions ] Copy
- MFFLRFD Multiple Presence Factors |E| Duplicate
- EG Environmental Conditions € Delete
bF Design Parameters . G Model
) SUPERSTRUCTURE DEFINITIONS o Generate Mode
B b Simple span structure (right support i A2 3D Schematic
Y Simple span structure (left support is [4] Load Combinations
bl b 2 Continuous span [+ Analyze .
= ) BRIDGE ALTERNATIVES = I »
N =| Specification Check
™ 2 span bridge (B} (C)
M Continuous span steel bridge FH Tabular Results
2 fM Training Alt ] validate
+ [ SUPERSTRUCTURES @ View Summary Report
4 Stiffness Analysis [@ View Detailed Report
= &) PIERS
B- TT Pierl 2 General Preferences
= [ PIER ALTERNATIVES Close Bridge Workspace
B TT 3 Column Frame (E) (C)
. 4
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This window allows the user to specify the load conditions to be considered when BrDR performs the pier analysis.

Make the following selections and click OK.

D | oad Combination Settings - 3 Column Frame

LRFD substructure design settings:
Chosen limit states Settings
Water levels

Low

Mean

Design flood
Check flood

Temperature change

Rize
Fall

Caonsider simplified wind loading

LRFD factors:

Wind direction

Left to right
Right to left

Wind angles

0 degrees
15 degrees

Additional combinations
Check overall stability
Check for deformations

30 degrees
45 degrees
60 degrees

Op

Click OK to apply the data and close the window.

Load Palette

¥ 1t’s ok to keep the water levels turned on
even if the pier is not subject to all of the
levels will be

water levels. The water

ignored if your pier is not subject to them.

Another window that allows the user to specify the load types to be included in the pier analysis is the Load Palette

window. This window can be accessed by selecting the name of the pier alternative in the bridge workspace tree and
clicking on Load Palette in the SUBSTRUCTURE DESIGN ribbon.

E Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS ? = O x
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
i ; o4 — =]
oJy [ O- P ! 30
T b [ v % s
Preliminary Generate Load Analyze  Specification | Tabular Engine 3D
w Madel Combinations| Palette Bubstructure Check Results CQutputs Schematic
Analysis Results
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D Load Palatte - O >
Use In.PUt Override Use Input Overnide (\_)9
defined defined - .
If a load type is
DC v EH Active NA
ow & y £ At-Rest NA unchecked, the load
LL v combinations for the
PL X limit states containing
U v that load type will still
BR e TG NA
] be computed but that
cT NA SH X .
load type will have
WA v CR NA
WS Y, . NA zero loading.
WL v FR X
cv MA
Select all Clear all Open template  Save template 0K Cancel

Click OK to apply the data and close the window.

The Load Palette can be very useful to evaluate individual load types on the pier and to minimize the time required

for analysis.
If the “Use” checkbox is not checked for a load type, that load type will not be included in the pier analysis nor in the
load combinations computed by BrDR. Results for limit states that contain that load type will still be computed but

the loading for that load type will be missing.

It is ok to keep the Use box checked for load types that do not apply to the pier. They will be ignored if they do not
apply to the defined pier.
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Specification Checking
Now that the loads are selected, the pier is ready to be analyzed. Select the Specification Check button from the

SUBSTRUCTURE DESIGN ribbon or from the right-click menu as shown below.

-

=
u Eridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS ? - [m] X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
=] P = = — =
T w 1 B < || g hig
Preliminary Generate  Load load  Analyze |Specification | Tsbular Engine El)
~ Model Combinations Palette Substructure|  Check | Results Outputs Schematic
Analysis Results
Workspace & X Schematic & X Report £ X
Bridge Components %S Expand Branch
B M LRFD Substructure Example 1
b @ Collapse Branch
[ Components
- [ Diaphragm Definitions = Open
- [ Lateral Bracing Definitions 3 Copy
« MFFLRFD Multiple Presenrta Factors lﬁ Duplicate
£¢ Environmental Canditions -
o Design Parameters ® Delete
- | SUPERSTRUCTURE DEFINITIONS 142 Generate Model
Yrrf Simple span structure (right support if }® 3D Schematic
b Simple span structure (left support is [ Load Combinations
brrd 2 Continuous span
24 Anal ”
-+ ) BRIDGE ALTERNATIVES s # X
& 2 span bridge (8 (C) = Specification Check
M Continuous span steel bridge Tabular Results
5 @ Training Alt B Vvalidate
i [ SUPERSTRUCTURES \ < N coort
3 @ View Summary Report
‘}f Stiffness Analysis o
5 B3 PIERS lal v etailed Report
B E‘H Pierl {8 General Preferences
3 PIER ALTERNATIVES ﬁ Close Bridge Workspace
TT 3 Column Frame (E) (C

The Substructure analysis progress window will open as shown below. Click OK once the analysis completes.

M Substructure analysis progress =

- Location - 17.5800 (1t) a
- Component 4 of 7 - Columnsg

- Location - o.ooo0o0 (ft)

- Location - 17.5800 (ff)

- Component 5 of 7 - Columni1:19x12 Footing

- Location - Spread 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

- Component 6 of 7 - Columnz:12x12 Footing

- Location - Spread 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

- Component 7 of 7 - Column3:i2x12 Footing

- Location - Spread 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 Review this |Og
Completed Specification Check. i
Writing Specification Check results. file for errors and
Completed.
Substructure specification check successfully completed! warnings.
Analysis completed! I
v
< >
Print QK
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Engine Outputs

With pier alternative selected in the bridge workspace tree, click on the Engine Outputs button from the ribbon as
shown below. The following window will appear. This window contains a listing of the output files BrDR created
when it computed the pier loads and when it performed the finite element analysis. Double click on any file to open

it. Summary report of the specification checks can be viewed by opening the Spec Check Results file shown below.

™ LRFD Substructure Example 1 — O X

EHLRFD Substructure Example 1
E‘--Training Alt
- Pierl
-3 Column Frame

~SuperDLReactions2
--5ubDLReactions2
~FrictionReactions2
-SinglelaneReactions
~Live Load Patterns
~LLReactionsSummary
--BrakingForceReactions2
- WindOnSubReactions2
~WindLoadReactions2
-SuperQverturnReactions2
~WindOnLiveReactions2
~WaterOn5ubReactions2
-ShrinkageOfSuperReactions2
~ShrinkageOfSubReactions2
-~ TemperatureOnSuperReactions2
-~ TemperatureOnSubReactions2
- SettlementOfSubReactions2
~VehicleCollisionReactions2
~VesselCollisionReactions2
~HorizEarthReactions2
~LL Scan Summary
--Cap LRFD Reinf Dev Length Calcs Log File
~-Column1 LRFD Reinf Dev Length Cales Log File
~-Column2 LRFD Reinf Dev Length Cales Log File
~Column3 LRFD Reinf Dev Length Cales Log File
~Column112x12 Footing LRFD Reinf Dev Length Calcs Log File
-Column212x12 Footing LRFD Reinf Dev Length Calcs Log File
~Column312x12 Footing LRFD Reinf Dev Length Calcs Log File
--Spec Check Results (Friday Mar. 01, 2024 14:08:41)
E-Column112x12Festing
-~Bearing Pressure Detail
----- Bearing Pressure Summary
E-Column212x12Festing
--Bearing Pressure Detail
----- Bearing Pressure Summary
[=HColumn312x12Footing

--Bearing Pressure Detail

----- Bearing Pressure Summary

Cancel

This file contains a summary of the results of each specification check along with the design ratios for each spec article
at each specification check location point. The design ratio is the ratio of the 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.
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The specification check detail can be viewed by clicking on the Specification Check Detail button from the ribbon

as shown below.

;
m Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS ? — a X
BRIDGE WORKSPACE 'WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
EE - i =]
T i B E s P E & Jo
Preliminary Generate  Load load  Analyze Specification Tabular [Specification| Engine D)
w Model Combinations Palette Substructure Check Results |Check Detail | Outputs Schematic
Analysis Results
Workspace % X | Schematic % X || Report 2 X

Bridge  Components

E- @M LRFD Substructure Example 1
[ Companents
~ [ Diaphragm Definitions
[ Lateral Bracing Definitions
- WFFLRFD Multiple Presence Factors
EC Environmental Conditions
- OF Design Parameters
[} SUPERSTRUCTURE DEFINITIONS
B frrf Simple span structure {right support is rolled)
Yref Simple span structure (left support is rollec])
B yrrf 2 Continuous span
[} BRIDGE ALTERNATIVES
B M2 span bridge (E) (C)
B M Continuous span steel bridge
B 0 Training Alt
-- [ SUPERSTRUCTURES

Analysis

- Stiffness Analysic
2 3 PIERS
B TT Pierl
B [ PIER ALTERNATIVES
TT 3 Column Frame () (C)

L

BrDR performs specification checks at each

[
X

4

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. Open the article for the flexural

resistance at the center of the first interior span of the cap at 16.13’as shown below.

M Specification Checks for 3 Column Frame - 17 of 675 — O
Articles
\//"'j p',./ All articles -
Properties Generste ~ Format
Bullet list ~
Specification filter Report
4 |_| Pier Component A& Specification reference Limit State Flex. Sense Pass/Fail
4 |Cap v/ 5.10.8 Shrinkage and Temperature Reinforcement /A Passed
[ 0.00 ft. 54.2.5 Poisson's Ratio /A General Comp.
|1 1.50 ft. 5.4.2.6 Meodulus of Rupture /A General Comp.
4156t 5.5.4.2 Strength Limit State - Resistance Factors /A General Comp.
9251 ft. 3.7.2.2 Rectangular Stress Distribution MN/A General Comp.
263t [T/ L e T e ] N/A Passed
et 57332 Minimum Reinforcement N/A Failed
—3eEE N4 5.7.3.4 Control of Cracking by Distribution of Reinforcement N/A Net Required
5T R v/ 5.7.3.4(a) Longitudinal Skin Reinforcement N/A Passed
E:;i : 5821 Torsion N/A Passed
(i1 825 . " 5.8.2.5 Minimum Transverse Reinforcement /A Passed
L] 8.29 f. +/ 5.8.2.7 Maximum Spacing of Transverse Reinforcement /A Passed
L1194t v/ 5.8.3.3 Nominal Shear Resistance N/A Passed
LJ12.00 ft 5.8.3.4 Procedures for Determining Shear Resistance /A General Comp.
v/ 5.8.3.5 Longitudinal Reinforcement N/A Passed
(L2031 ft. Cracked_Moment_of_Inertia Section Property Calculations Positive Flexure  General Comp.
[21.00 ft. Cracked_Moment_of_Inertia Section Property Calculations Negative Flexure General Comp.
L12400ft w
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The following is noted for this window, other spec articles are similar:

1.

For each specification check location, both the left and right sides of the point are evaluated. 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 specification 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 this example, the Preliminary Design Mode
is used 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 (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.

The critical design ratio for positive moment at this point is 1.15 which is more than 1.0 so the specification

check passes.

ﬂ Spec Check Detail for 5.7.3.2 Flexural Resistance (Reinforced Concrete)

5 Concrete Structures
5.7 Material Properties
5.7 Flexural Members
{

.7.3.2 Flexural Resistance
BASHTO LRFD Bridge Design Specifications, Fifth Edition - 2010, with 2010 interims)

Pier Cap Section - At Location = 16.1250 (ft) - Left

Cross Section Properties

Depth =  56.04(in)
Width =  33.96(in)
Lrea = 2239.38(in"2)

Flexural Reinforcement

Bz Dist. From
Bottom
{in~2) {in)
7.62 52.73
T.62 50.01
0.55 3.1%
5.00 5.82

f'c = 4.00 ksi

Note: If the capacity has been overridden, the Resistance is computed as override phi*owverride capacity.

Otherwise the Besistance is computed as per the Specificaticon. o
9 e Mr= HE

Limit State Load Mu Mn Phi Mn Phi * Mn Mr/Mu Depth
Combinaticn kip-ft kip-ft kip-ft kip-ft in

STR-I 5 1125.43 0. ) 1435.02 - -—= 1281.52 1.15 4,23

STR-I 10 a00.28 0.900 1435.02 - -—= 1281.52 1.61 4,23

Pier Cap Secticn - At Location = 16.1250 (ft) - Righ:o

Cross Section Properties

Depth
Width

56.04 (in)
39.96(in)

4

111

OK
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Footing Analysis

BrDR Substructure has the capability to analyze both individual and combined footings. Both spread and pile footings
are supported. Specification checks at the critical locations in the footing are then performed. The footing analysis and
specification check occurs when the specification check is performed on the pier. BrD determines the forces in the
footing using the bottom of column forces from the finite element analysis along with the soil and footing loads. The

following file containing the footing calculations is available after the specification check is performed.

™ LRFD Substructure Example 1 — O X

EHLRFD Substructure Example 1
E--Training Alt
~-Pierl
-3 Column Frame
-SuperDLReactions2
--5ubDLReactions2
~FrictionReactions2
~SinglelaneReactions
~Live Load Patterns
-LLReactionsSummary
-BrakingForceReactions2
~WindOn5ubReactions2
~WindLoadReactions2
~SuperOverturnReactions2
~WindOnLiveReactions2
~WaterOnSubReactions2
-ShrinkageOfSuperReactions2
- ShrinkageOfSubReactions2
- TemperatureOnSuperReactions2
- TemperatureOnSubReactions2
- SettlementOfSubReactions2
~VehicleCollisionReactions2
~WesselCollisionReactions2
~HorizEarthReactions2
~LL Scan Summary
~Cap LRFD Reinf Dev Length Calcs Lag File
~~Column1 LRFD Reinf Dev Length Cales Log File
~Column2 LRFD Reinf Dev Length Calcs Log File
~~Column3 LRFD Reinf Dev Length Cales Log File
~Column112x12 Footing LRFD Reinf Dev Length Calcs Log File
- Column212x12 Footing LRFD Reinf Dev Length Calcs Log File
~Column312x12 Footing LRFD Reinf Dev Length Calcs Log File
~Spec Check Results /

E-Column112x12Footing
}----Bearing Pressure Detail (Friday Mar. 01, 2024 15:22:09)

“-Bearing Pressure Summary
E-Column212x12Fosting
|----Bearing Pressure Detail
----- Bearing Pressure Summary
[EH-Column312x12Footing
--Bearing Pressure Detail
----- Bearing Pressure Summary

Cancel
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Mj Bearing Pressure Detail - Notepad - O
File Edit Format View Help
Factored Bottom of Column Forces
LS LC Pu MulLong MuTrans Vulong VuTrans
(kip) (kip-ft) (kip-ft) (kip) (kip)
STR-I 6 785.98 287.88 -395.83 -49.24 -12.43
Factored Bottom of Footing Forces
LS LC Pu MulLong MuTrans Vulong VuTrans
(kip) (kip-ft) (kip-ft) (kip) (kip)

STR-I 6 9@3.25 334.47 -579.66 -49.24 -12.43
DC Factor = 1.25
EV Factor = 1.38
WA Factor = 1.08@
Longitudinal eccentricity = MuTrans/Pu = -B.64(ft)
Transverse eccentricity = Mulong/Pu =  -8.37(ft)

Basic Corner Pressures (P/A +/- M/S)

Pressl Press2 Press3 Press4

(ksf) (ksf) (ksf) (ksf)
3.1@ 5.42 9.45 7.12

Bottom Transverse Steel
Pressure at ftg. edge = 9.45(ksf)
Pressure at col. face = 8.54(ksf)
Moment at face of column due to soil pressure = 99.75(kip-ft/ft)
Moment due to footing selfweight = -7.67(kip-ft/ft)
Moment due to soil overburden = -1.28(kip-ft/ft)
Moment due to footing buoyancy = 9.00(kip-ft/ft)
Moment due to soil buoyancy = 0.00(kip-ft/ft)
Final bottom transverse moment = 98.81(kip-ft/ft)

Ln1, Col1 100%  Windows (CRLF) UTF-8

Tabular Results

To view the tabular results, with pier alt 3 Column Frame selected, click on the Tabular Results button from the ribbon

or right click and select Tabular Results as shown below.

ﬂ Bridge Workspace - LRFD Substructure Example 1 ANALYSIS SUBSTRUCTURE REPORTS ? =
BRIDGE WORKSPACE WORKSPACE TOOLS WIEW DESIGN/RATE DESIGN REPORTING
EiE p [ —» L
& B2 o] [ = E = ® e
Preliminary Generate Load Load Analyze  Specification| Tabular | Specification  Engine 3D
A Model Combinations Palette Substructure Check Results | Check Detail Qutputs Schematic
Analysis Results
Workspace X Schematic & X Report
Bridge
n a
B @ Training Alt
[E7 SUPERSTRUCTURES
- it Stiffness Analysis
= 3 PIERS Analysis & X
=TT Piert
& |9 PIER ALTERNATIVES
TT 3 Column Frame [E) (C)
v
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This window allows the user to create summary reports of analysis output data for the pier finite element analysis and
save these report definitions for future use. Select New to create a new report definition. The first tab permits the

selection of the FE model information to include in the report.

M Tabular Results - New Tabular Report — O X
Report
Open Save Save as Generate
loads  Reactions  Displacements  Forces  Envelope  Spec checkresults ~ Options
Nodes
Beams
Section properties
Materials
Supports
Member releases
Load cases
Select all Clear all
Close
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Switch to the Loads tab. This tab allows the user to select how the FE analysis output (reactions, displacements,
element forces) is organized in the report. Selecting the Limit States filter permits the selection of limit states output
to be included in the report. Selecting the Load Cases filter permits the users to select individual load cases output to
be included in the report. Selecting the Load Combinations permits the user to pick individual load combinations
output to be included in the report.

Select the Load cases filter and then select Load case 1. This results in a report that will contain the reactions,

displacements, and forces for only this Load case 1.

M Tabular Results - New Tabular Report — O X
Report
New Open Save Save as Generate
Model Reactions Displacements Forces Envelope Spec check results Options
Select
Limit states Load case Name
& Superstructure DC s
Load combinations
2 Substructure Self Weight - DC
3 LL1 T DV:A
4 LL2 T DV
5 Vehicle Braking - 1 Lane (Sta back direction)
3] Vehicle Braking - 2 Lanes (Sta back direction)
7 Vehicle Braking - 3 Lanes (Sta back direction)
8 Vehicle Braking - 1 Lane (Sta ahead direction)
9 Vehicle Braking - 2 Lanes (Sta ahead direction)
10 Vehicle Braking - 3 Lanes (Sta ahead direction)
1 Wind on Sub - 0.00 Degrees Left To Right
12 Wind on Super - 0.00 Degrees Left To Right
12 Wind An Sunar Cuartirninn | aft Ta Rinkt v
Select all Clear al

Close

The Reactions, Displacements, Forces, and Envelope tabs lets the user specify if these actions should be included
in the report. The actions will be included in the output for the loadings specified on the Loads tab. The Spec check
results tabs allow the user to select the specicification check items to include in the report. The Options tab allows

the user to specify formatting and output options for the report.

To save the settings on these tabs as a report definition that can be re-uses in the future, select the Save As button.
This would save the settings on these tabs as a report definition file. It would not save the FE analysis output report
for this pier. Select the Generate button to view the FE analysis output report for this pier. An xml file containing the
data for this report is created and given the name New Tabular Report.xml. This file is overwritten each time the

Generate button is clicked.
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Method of solution

The method of solution can be accessed from the BrDR Help menu as shown below.
1. Click on the BRIDGE WORKSPACE ribbon.

g Rl
u Bridge Workspace - LRFD Substructure Example 1 AMNALYSIS SUBSTRUCTURE REPORTS 7 - [m] X
JORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING

ELE = |
& b2 = ¥ E & Je
Preliminary Generate Load Load Analyze  Specification | Tabular Specification Engine D
A4 Model Combinations Palette Substructure Check Results Check Detail Outputs Schematic
Analysis Results
Workspace & X | Schematic # X | Report F

Bridge Compaonents
- M LRFD Substructure Example 1
- WCumpcnenu
- [ Diaphragm Definitions
@ Lateral Bracing Definitions
- MFFLRFD Multiple Presence Factors
- EC Environmental Conditions

- OF Design Parameters
[E2 SUPERSTRUCTURE DEFINITIONS
- £ BRIDGE ALTERNATIVES
G- M 2 span bridge (E) (C)
M Continuous span steel bridge
B D Training Alt
- [ SUPERSTRUCTURES

=
ped

Analysis

- Stiffness Analysis
= 3 PIERS
B TT Pierl
& |3 PIER ALTERMATIVES
*- TT 3 Column Frame (] (C)

2. Select AASHTO LRFD Substructure (BrD) from the Engine Help column.

3. Double click on Method of Solution from the Engine Help Configuration column.

-

Bridge Workspace - LRFD Substructure Example 1 = [m] X

@ Getting help using the software

e Frequently Asked Questions
E@ Find questions that are frequently asked

. Support
|o
&  Find more information on technical support

Engine
Engine Help Engine Help Configuration

AASHTO Culvert LRFR Method of Solution

AASHTO LRFD

AASHTO LRFD Substructure (BrD) e

AASHTO LRFR

AASHTO Metal Culvert LFR

AASHTC Metal Culvert LRFR

AATHTO Tinahar ASR v

Set As Main Engine Help

About
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