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BrDR Substructure Overview
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BrDR Substructure Capabilities

e Solid shaft (hammerhead), frame, wall and pile bent piers
e Spread and pile footings, drilled shaft structural analysis available (no soil interaction yet)
e BrDR superstructure loads automatically transferred down to pier
o Define pier geometry and reinforcement
e Computed loads or user overridden loads
o Elastic first-order finite element analysis, with moment magnification
¢ Reinforcement development lengths automatically computed and taken into account in the spec checks
e  Spec checking for:
o AASHTO LRFD Bridge Design Specifications, 4t Edition, with 2008 interims
o AASHTO LRFD Bridge Design Specifications, 4t Edition, with 2009 interims
o AASHTO LRFD Bridge Design Specifications, 5t Edition
o AASHTO LRFD Bridge Design Specifications, 5t Edition, with 2010 interims
o AASHTO LRFD Bridge Design Specifications, 6t Edition
o AASHTO LRFD Bridge Design Specifications, 6t Edition, with 2013 interims
o AASHTO LRFD Bridge Design Specifications, 7t Edition
o AASHTO LRFD Bridge Design Specifications, 7t Edition, with 2015 interims
o AASHTO LRFD Bridge Design Specifications, 7t Edition, with 2016 interims
o AASHTO LRFD Bridge Design Specifications, 8w Edition
o AASHTO LRFD Bridge Design Specifications, 9 Edition
e “Engineer in the loop” spec checking — examine effects of changing reinforcement or geometry without re-

analyzing the entire pier.
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BrDR Substructure Overview

The following schematics from BrDR Substructure illustrate the pier types that can be modeled:
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Wall pier
Schematic

3D Schematic
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BrDR Substructure Overview

Bridge Workspace

Superstructure definitions are defined in the upper portion of the Bridge Workspace tree. The superstructure
definition is assigned to a bridge alternative and then piers are defined to support this superstructure. Pier

alternatives can be used to compare designs (e.g., hammerhead vs. frame pier).

Workspace - 0O x

Bridge Compaonents

(él-- ™ LRFD Substructure Example 1 \
B [ Components

2 Diaphragm Definitions

[ Lateral Bracing Definitions

MFF LRFD Multiple Presence Factors

EC Environmental Conditions

Superstructure

- OF Design Parameters
E- &) SUPERSTRUCTURE DEFINITIONS

& b Simple span structure (left support is rolled) Substructure
~ b 2 Continuous span
E- 5 BRIDGE ALTERMATIVES
4% 2 span bridge (E} (0)
My Continuous span steel bridge \
- |& SUPERSTRUCTURES

B T2 continuous span

=% i SUPERSTRUCTURE ALTERMATIVES

----- X ? continuous span structure (E) (C) (2 Continuous span)
=1 Stiffness Analysis
- ) PIERS

i TT Pier 2

B ) PIER ALTERNATIVES
=TT 3-column pier () (C)
I|T Default Materials

: ﬁﬁeometr}r
- W Cap
B [ COLUMNS

- gHe Superstructure Loads

- Superstructure Environmental Loads
\ ----- H substructure Loads /

Last Modified: 3/4/2024 4



BrDR Substructure Overview

Pier Components — Geometry and Reinforcement

The geometry and reinforcement for each pier component (cap, column, foundation) can be described.
r .l

Workspace - 0 =

Bridge Components

= M LRFD Substructure Example 1
B [ Companents
- [ Diaphragm Definitions
Ef? Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
EC Environmental Conditions

- OF Design Parameters
B [ SUPERSTRUCTURE DEFINITIONS
= £ BRIDGE ALTERNATIVES
EE 1 ] span bridge (E}) (C)
= M Continuous span steel bridge
&3 SUPERSTRUCTURES
B T 2 continuous span
B E SUPERSTRUCTURE ALTERMATIVES
----- T 2 continuous span structurs (E) (C) (2 Continuous span)
- Stiffness Analysis
= PIERS
B TT Pier 2
B i) PIER. ALTERMNATIVES
B TT 3-column pier (E) (C)
&1 Default Materials
: ﬁGecmetrv
= P Cap
- [P Companents
- P Geometry
----- U7 Reinforcement
= & COLUMNS
/A & B Columnl ™~
B Companents
O Geometry
@ Reinforcement Definitions
Reinforcement
3 FOUNDATION ALTERMATIVES
= M Foundation Alt 1 (E) (C)
r I Geometry
N e Reinforcement J
- W Column2
B- W Column3
- o Superstructure Loads
- 23 Superstructure Enviranmental Loads
----- +4 Substructure Loads
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BrDR Substructure Overview

Loads

BrDR computes the superstructure dead and live loads and transfers them down to the pier. BrDR also computes all

the additional superstructure and substructure loads such as wind, water, temperature and shrinkage and applies

them to the pier finite element model. The user has the ability to use these loads or override them with their own

loads.

M Superstructure Environmental Loads - Pier 1- 3-column pier - [m} X
Back span Ahead span Pier skew:
Span no.: Span no.: ‘Wind load basis
Superstructure definition:  Simple span structure (right support is rolled] Superstructure definition: Simple span structure (left support is rollad)
WS-super back WS-super ahead WS5-over WL back WL ahead TU SH
Input
AASHTO LRFD Spec Article 3.8.1.2.2 Loads from Superstructure
Transverse load distribution option: Friction velodity, VO:
Transverse superstructure length: Friction length, ZO:
Superstructure design elevation: Base design wind velocity, VB:
Design height, Z: V30:
Override design height, 7 ft
Loads
D
o Computed Owerride Override... Cales..
Superstructure longitudinal force (kip)
Wind
skew angle G1 G2 G3 G4 G5 G6
(Degrees)
0 50104167 | 50104167 | 50104167 | 50104167 50104167 50104167
15 44091667 | 44091667 | 44091667 | 44091667 44091667 | 44091667
30 41085417 | 41085417 | 4.1085417 | 41085417 | 41085417 | 4.1085417
45 3306875 3.306875| 3306875 3306875 3.306875| 3.306875
60 17035417 | 17035417 | 17035417 | 17035417 | 1.7035417 | 1.7035417
Superstructure transverse force (kip) Vertical Reaction due to transverse (kip)
Wind Wind
skew angle G1 G2 G3 G4 G5 Gb skew angle G1 G2 G3 G4 G5 G6
(Degrees) (Degrees)
0 0 0 (1] 0 0 0 0 2.378756 | 14272536 04757512 | -047575..| -1.42725..| -2.378756
15 -060125| -0.60125| -060125| -060125| -060125 -0.60125 15 20933053 | 1.2559832 | 04186611 -0.41866...| -1.25598.. | -2.09330..
30 -1.2025 -1.2025 -1.2025 -1.2025 -1.2025 -1.2025 30 19505799 | 1.1703479| 0390116 -0.390116| -1.17034..| -195057..
45 -1.60333.. | -1.60333..| -1.60333..| -1.60333..| -1.60323..| -1.60333.. 45 1.5699780 | 09419874 | 03139958 -031399..| -0.04198..| -156007..
60 -1.90395... | -1.90395...| -1.90395..| -1.90395..| -1.90395..| -1.90395... 60 0.808777 | 0.4852662 | 0.1617554| -0.16175..| -0.48526..| -0.808777
Compute
OK Apply Cancel
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BrDR Substructure Overview

Analysis and Spec Check

The Specification Check button on the Analysis group of the DESIGN ribbon for pier alternatives can be used to
analyze the pier.

r
E Bridge Workspace - LRFD Substructure Example 1 AMALYSIS SUBSTRUCTURE REPORTS 7 — O x

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING

> Jo

Engine 3D
Outputs Schematic

4 T4 -

@ ¥ o] GEEE =

Preliminary Generate Load Load Analyze
~ Model Combinations Palette Substructure

Analysis Results

L
*
3
=

Report

Workspace & X Schematic

Bridge Compaonents

I';-- M LRFD Substructure Example 1
B- @ Components
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
- MFFLRFD Multiple Presence Factors
- EC Erwironmental Conditions

-+ BF Design Parameters

Bl ) SUPERSTRUCTURE DEFINITIONS
- b Simple span structure (right support is rolled)

- bl Simple span structure {left support is rolled)

- b 2 Continuous span

- ) BRIDGE ALTERMATIVES

- My 2 span bridge (E) (C)

=y Continuous span stesl bridge .
-- [ SUPERSTRUCTURES Analysis
=

4
=

- Stiffness Analysis
- |23 PIERS
& TT Pier2
B- |3 PIER ALTERNATIVES
~ TT 3-column pier (E) (C)
- LT Default Materials

: ﬁGeometry
- W Cap
- [B7 COLUMNS
- oy Superstructure Loads
- = Superstructure Environmental Loads
-+t Substructure Loads

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

combinations are generated and then the specification checks are processed.

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

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

Last Modified: 3/4/2024 7



BrDR Substructure Overview

If the FE analysis results do not exist when Specification Check is selected, BrDR will perform the FE analysis

automatically. The next time a Specification Check is performed on the same system, BrDR will use the existing

FE analysis results. This allows to fine-tune the reinforcement quickly and geometry without re-doing the FE

analysis every time. Once the reinforcement and geometry that satisfies the spec checks is found, a final FE analysis

and spec check can be performed.

Navigate to the LRFD Substructure Design Settings window by clicking on the Design setting 1 node in the

Components folder in the Bridge Workspace tree as shown below.

With Version 7.5.0, the user can pick from the following specifications to use for spec checking.

B Bridge Workspace - LRFD Substructure Example 1 ANALYSIS REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGM/RATE REPORTING
73 = S >"
ﬂ & el il sl E
Close Export Refresh Cpen Copy Duplicate Celete
Bridge @™ LRFD Substructure Design Settings - m] x
Workspace Name: Design setting 1 Design setting type
B Preliminary
Bridge Components
e : o Description: Final
M LRFD Substructure Fxample
& 3 Com ponants
I Jersey Barrier Limit states Vehicles Substructure loading
"I AASHTO TYPE VI
o LW adas2 Analysis method Analysis Srzzumem Factors
- T HP12x74 type module
Speghications i 2004 AASHTO LRFD Specificat
2004 AASHTO LR pecification
[.. FH8 Design setting 1 & LRFD AASHTO LRFD | LRFD 5th 2010i ~ | 2004 AAS IFD Specifications
o Class A [US) LRFD 4th 2008
- 48 5/16" (TW-250) LR
@ Grade 60 Choose the limit states to be 5, LRFD dth 2009i
@ Epoxied Grade 60 included in the analysis: 4
N _ . a LRFD 5th , -
« I ASTM AST2 - 1" max, Fy = 60 ksi STRENGTEL! F sit states: 15 %
- [ Diaphragm Definitions LRFD 5th 2010i -
- (@ Lateral Bracing Definitions STRENGTHAI A == -
MFF LRFD Multiple Presence Factors ) LRFD &th
~ EC Environmental Conditions
= OF Design Parameters STRENGTH-II LRFD Gth 20130
B+ &2 SUPERSTRUCTURE DEFINITIONS LRFD 7th
B b Simple span structure (right support STRENGTH-TV
B b Simple span structure (left support ig LRFD Tth 20151
borf 2 Continuous span STRENGTH-V LRFD Tth 2016i
= &) BRIDGE ALTERNATIVES
B M 2 span bridge (E) (C) SERVICE-I LRFD 8th
= M Continuous span steel bridge e
[ SUPERSTRUCTURES SERVICE-II :
= 1 Stiffness Analysis
= PIERS SERVICE-III
B TTPier2
B [} PIER ALTERNATIVES SERVICE-IV -
B TT 3-calumn pier (€) (C)
&7 Default Materizls
- ﬁGEﬂery Copy from library... QK Apply Cancel
—
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BrDR Substructure Overview

Output

Engine outputs
Reports are automatically created that contain a summary of the specification checks, the loads computed by BrDR,

the reinforcement development length calculations, footing bearing pressure details, etc.

-
E Bridge Workspace - LRFD Substructure Example 1 AMNALYSIS SUBSTRUCTURE REPORTS 7 — [m] X
ERIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN RERC By — O *
P 5 T - ===| E-LRFD Substructure Example 1
L%'z \i‘ lHE/ &= E =] 2-Continuous span sle; bridge
Preliminary Generate  Load load  Analyze Specification Tabular Specification | Engine [ 721 - Pier 2
e Model Combinations Palette Substructure  Check Results Check Detail |OQutputs| Cr 3-column pier
- SuperDLReactions2
Analysis Results SubDLReactions2
-FrictionReactions2 I
SingleLaneReactions
Workspace # x4 e Load Patterns 3
) BrakingFarceReactions2
Bridge jComponents - WindOnSubReactions2
= M LRFD Substructure Example 1 ‘WindLoadReactions2
- [ Components - SuperQverturnReactions2
2 Diaphragm Definitions 5 -Wlndl’.‘nleeRaach_unsZ
(2 Lateral Bracing Definitions " WaterOnSubReactions2
g -
1PF LRFD Multiple Presence Factors ShrinkageOfSuperReactions2
P - ShrinkageOfSubReactions?
£¢ Environmental Canditions TemperatureOnSuperfeactions2
- DF Design Parameters - TemperatureOnSubReactions2
- [ SUPERSTRUCTURE DEFINITIONS SettlementOfSubReactions2
= [ BRIDGE ALTERNATIVES -VehicleCollisionReactions2
M 7 span bridge (E) (C) ‘VesselCollisionReactions2
B 7 SUPERSTRUCTURES - HorizEarthReactions2
14 Stiffness Analysis MomentMagnification
B (3 PIERS --LL Scan Sumr:nary )
& Trrer Cap LRFD Reinf Dev Length Cales Lag File
--Column1 LRFD Reinf Dev Length Cales Log File
D Continuous span steel bridge --Column2 LRFD Reinf Dev Length Calcs Log File |
7 SUPERSTRUCTURES | --Column3 LRFD Reinf Dev Length Cales Log File w
= {f Stiffness Analysis --Column1Foundation Alt 1 LRFD Reinf Dev Length Calcs Log File
= 2 PIERS Column2Copy of Foundation Alt 1 LRFD Reinf Dev Length Calcs Log File
TT Pier 2 - i i th Cales Log File
B [ PIER ALTERNATIVES Spec Check Results (Monday Dec. 11, 2023 10: 1)
TT 3-column pier () (C) = -Cm\umnj\Faunda(l{mAlﬂ
Bearing Pressure Detail
"Bearing Pressure Summary
Column2CopyofFoundationAlt
-Bearing Pressure Detail
+-Bearing Pressure Summary
Column3CopyaffoundationAlt]
~Bearing Pressure Detail
"Bearing Pressure Summary
Cancel
L

Last Modified: 3/4/2024 9



BrDR Substructure Overview

M Spec Check Results — O *
Bridge ID LRFD Substructure Example 1 NEBI Structure ID LRFD _EX1 sub ~
Bridge : LRFD Substructure Example 1 Bridge Alt : Continuous span steel bridge
Pier : Pier 2 Pier Alt. : 3-column pier
User : Bridge Date : Monday, December 11, 2023 10:538:21

Description: Spec Check Results for 3-column pier
AASHTO LRFD Specification, Edition 5, Interim 2010

Specification Check Summary

Article Status
Cap Flexure (5732 573312) Pass
Cap Shear (5.8.2.5, 5827, 5833,
5833) Pass
Cap Serviceability (5.7 3 4 crack, 573 4 Fa
long skin, 5.10.€ shrink & temp)
Cap Fatigue (5.53.2) Pass
Column] Biaxial Moment Interaction p
(5.74.5) ass
Columnl Shear (5825 5827 5833, P
583.5) ass
Columnl Serviceability (5.10.8 shrink & Fail
temp)
Column] Foundation Alt 1 Bearing Pressure Fai
(5.133.2)
Colmmnl Foundation Alt 1 Flexure (5.7.3.2, p
57332) ass
Column 1 Foundation Alt 1 Shear (5.8.3.3, p
5133.63.5835) ass
Column1 Foundation Alt 1 Serviceability o, =
P T Y — =

This file contains a summary of the results of each spec check along with the design ratios for each spec article at
each spec 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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BrDR Substructure Overview

Tabular Results

Additional reports can be tailored to the user’s needs and generated in the Tabular Results window.

-

o | Bridge Workspace - LRFD Substructure Example 1 ANALYSIS ~ SUBSTRUCTURE  REPORTS

BRIDGE WORKSPACE ~ WORKSPACE VIEW  DESIGN/RATE DESIGN REPORTING

4
B2 o £ E .L
Preliminary Generate oad load  Analyze Specification 3D
v Model Combinations Palette Substructure  Check Schematic
Analysis

Workspace Report

Bridge  Components New Open S SR
E- M LRFD Substructure Example 1

[ Components Model | loads Reactions Displacements  Forces  Envelope

[ Diaphragm Definitions
[ Lateral Bracing Definitions
HPF LRFD Multiple Presence Factors
E¢ Environmental Canditions
OF Design Parameters
@ SUPERSTRUCTURE DEFINITIONS
E- 2 BRIDGE ALTERNATIVES
. 2 span bridge (£} (C)
i £ SUPERSTRUCTURES

1 Stiffness Analysis
(3 PIERS
B TT Pier 1
& |3 PIER ALTERNATIVES

TT 3-column pier () (C)

M Continuous span steel bridge
[ SUPERSTRUCTURES
1 Stiffness Analysis
= ) PIERS
B TT Pier2
& (3 PIER ALTERNATIVES

TT 3-column pier (E) (C)

FE model and results

Spec checkresults  Options

The FE model and results can be shown graphically in the Pier 3D Schematic as shown below.

=

BRIDGE WORKSPACE 'WORKSPACE TOOLS
s Z o
& 74 o- B
Anglyze

Preliminary Generate
- Model Combinations Palette Substructure

"

Analysis

Norkspace

Bridge  Components

¥ =

Specification

ANALYSIS  SUBSTRUCTURE  REPORTS Bridge Workspace - LRFD Substructure Example 1
DESIGN/RATE DESIGN REPORTING

s

Tabular Specification Engine
Results Check Detail Outputs

S

Schematic

Results

3D Schematic

- M LRFD Substructure Example 1

& Components
{2 Diaphragm Definitions
[ Lateral Bracing Definitions
HPF LRFD Multiple Presence Factors
€C Environmental Conditions
OF Design Parameters
2 SUPERSTRUCTURE DEFINITIONS
B 3 BRIDGE ALTERNATIVES
2 span bridge (£) (C)
- [ SUPERSTRUCTURES
o Stiffness Analysis
= EPIERS
B TIPierl
2 (3 PIER ALTERNATIVES
TT 3-column pier (£) ()
M Continuous span steel bridge
[ SUPERSTRUCTURES
P Stifness Analysis
= EIPIERS
& TTPier2
& (3 PIER ALTERNATIVES
TT 3-column pier (8) (C)

&) Linear “

Hate

S _ pier Longitudinal Axis

Analysis
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Schematic £ X

Report

Display

Limited state envelope

O Losdcase

Load combination

Action
il
Compression Ml v
Tension LI
Shear yy I
Shearzz ~

Bendingyy M v
O sencingzz W -

Torsion LIRS

Deflection

Name

Superstructure DC

-~

Substructure Self Weight - DC

1T DV
u27Dv2
u3TDV3
LLAT DV
L5 TDV:S
LL6 T DV:6
W7 TDV7
U8 T DV
L9 T DV:9
LL10T DV:10
11T DV
W12 TDV12
12T DV13
14T DV:14

Auto apply

Apply

Close

Cancel
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Specification Check Detail

Details for each spec article evaluated can be viewed in the Spec Check viewer. Reports containing these article

details can be generated and saved.

[or | ANALYSIS  SUBSTRI

BRIDGE WORKSPACE ~ WORKSPACE  TOOLS  VIEW

¥ =

Preliminary Generate ad Analyze  Specifcation | Tabular [Specifcat
“" "Model Combinations Palette Substucture  Check | Results {Check De
Analysis
o
Workspace
Bridge  Componants @

B @ LRFD Substructure Example 1
(2 Components
(2 Diaphragm Definitions Sp

Properties

ion filter

Generate

UCTURE  REPORTS

IGN REPORTING

DESIGN/RATE DES|

ion | Engine

30
tail | Outputs Schematic

Articles

Py All articles v

Format
Bullet list v

Report

Bridge Workspace - LRFD Substructure Example 1

[

h]
(R Spec Check Detail for 5.7.3.3.2 Minimum Reinforcement J

crete Structures
esign for Flexural and Axial Effects
Flexural Members

Bobwgd
i
[
o
w
3
2
4
B
o
I
o
I
i
5
a

TO IRFD Bridge Design Specifications, Fifth Edition - 2010, with 2010 interims)

Pier Cap Section - At Location = 7.9281 (f3) - Left

- [ Lateral Bracing Definitions
F# LRFD Multple Presence Factors
£C Environmental Conditions

4|4 Pier Component

©OF Design Parameters (40.00 ft

- &3 SUPERSTRUCTURE DEFINITIONS 152t
\ref Simple span strueture (right support s rolled) 251 ft

ref Simple span structure (left support is ralled) (L4300

\rrf 2 Continuous span L1363

=+ (3 BRIDGE ALTERNATIVES (L4525
D) 2 =pan bridge () (C) LissTh

= Continuous span steel bridge
2 SUPERSTRUCTURES
1 Stiffness Analysis
= B PIERS
TT Pier 2
&- (& PIER ALTERNATIVES
TT 3-column pier (€) (C)

675 ft

[NEE
[NEECRS
(41198t
(112,00 ft.
(42027 .
(421,00 ft.
(242400 ft.
(La24220
42550 ft
(426,68 ft.
(427,00 ft.
(243000 ft.
(43073 ft
43900 £t
(13002t

Specification reference
+* 5108 Shrinkage and Temperature Reinforcement
5425 Paisson's Ratio
5426 Modulus of Rupture
5.54.2 Strength Limit State - Resistance Factors
5.7.2.2 Rectangular Stress Distribution
5732 Flexural Resistance (Reinforced Concrete)
v
A 5,73 Control of Cracking by Distribution of Reinfarcement
X 5734(a) Longitudinal Skin Reinforcement
5821 Torsion
Cracked_Moment_of Inertia Section Property Calculations
Cracked_Moment_of Inertia Section Property Calculations

2 Minimum Reinforcement

Cross Section Propervies

56.04(in)
32.60 (in)

2219.18 (in%2)

Flexural Reinforcement

(1n~2) (in)
62 52.78

7.62 50.01

5.00 3.1

a.49 s.82
Input
£r peanm = 0.74 (k31)
Inertia =  580775.5¢ (in~4) STop = -20727.18 (in"3)
yBor = 28.02 (in) sBot =  20727.18 (in"3)
Mcz = Sc * (£r + fope) - Mdnc * (So/Smc - 1) >= Sc ¢ fr {5.7.3.3.2-1)
(Fote: For reinforced concrete members Sc = Sac)
Mrl = 1.2 % Mer Article 5.7.3.3.2
Mr2 = 1.33 % Mu Article 5.7.3.3.2

MrMin = Min(Mrl, Mr2) Arcicle 5.7.3.3.2

Otherwise the Resistance is computed s per the Specification.
a

Last Modified: 3/4/2024
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BrDR Substructure Overview

“Engineer in the Loop” Spec Checking

“Engineer in the Loop” refers to the ability of the engineer to refine the reinforcement or section dimensions and

evaluate the spec articles without having to do another full-blown finite element analysis.

In this example, the cap longitudinal reinforcement was shown as failing in the Spec Check Summary report.

™ Spec Check Results — O s
~
Cap Longitudinal Skin Analysis
Location As Effective | Actual Max.| Actual Reguired
. Depth | Spac. Spac.| Ask Ask |Code
) @2 (in) (in) | (i) |(in"2/ft) (in"2/ft)
0.000| 0.000 15.000 0.352 Pass
1.522 —
2.511|/18.508| 42.516/15.000|7.086| 0.352 0.150|| Fai
3.000{19.300| 44.406/15.000|7.401| 0.352 0.173 || Fai
3.625/20.240| 46.822/15.000|7.804| 0.352 0.202 || Fai
5.250|20.479| 51.537/15.000|8.590| 0.352 0.258 || Fai
5.572|20.988 51.537/15.000|8.590| 0.352 0.258 || Fai
6.750|22.856| 51.537/15.000|8.590| 0.352 0.258 || Fai
7.928|24.728| 51.537/15.000|8.590| 0.352 0.258 || Fai
8.250(25.240| 51.537/15.000|8.590| 0.352 0.258 || Fai
8.292|25.240| 51.537/15.000|8.590| 0.352 0.258 || Fai
11.977
12.000(25.240 51.537/15.000(8.590, 0.352 0.258 || Fai
20.273
21.000|25.240| 51.537/15.000/8.590| 0.352 0.258 || Fai
24.000\25.240| 51.537/15.000/8.590| 0.352 0.258 || Fai
2432225240 51.537/15.000/8.590| 0.352 0.258 || Fai
25.50025.240| 51.537/15.000/8.590| 0.352 0.258 || Fai
26.67825.240| 51.537/15.000/8.590| 0.352 0.258 || Fai
27.000\25.240| 51.537/15.000/8.590| 0.352 0.258 || Fai
30.000/25.240| 51.537/15.000/8.590| 0.352 0.258 || Fail | )
30.727 W
annnnlas nanl =1 z0=l1s nnnlo sonl  naen nnsol mon T
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BrDR Substructure Overview

The user can change the longitudinal reinforcement spacing from 15” to 6” and process the Spec Checks again.

Workspace [

Eridge Components
= M LRFD Substructure Example 1
& [ Components
- [ Diaphragm Definitions
[ Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
EC Environmental Conditions

- DF Design Parameters
Bl & SUPERSTRUCTURE DEFINITIONS
- b Simple span structure (right support is ralled)
- ke Simple span structure (left support is rolled)
- Y 2 Continuous span
B &) BRIDGE ALTERNATIVES

- @M 2 span bridge (E} (C)

= D4 Continuous span steel bridge
- [ SUPERSTRUCTURES
- Stiffness Analysis
= 3 PIERS

B TT Pier2

2+ ) PIER ALTERNATIVES
2 TT 3-column pier (8] (C)
BT Default Materials

. ﬁGeomelry
- W Cap
- I Companents

T Geometn
B [ COLUMNS

- e Superstructure Loads

- Superstructure Environmental Loads
""" 1 Substructure Loads

| amy Cap Reinforcement - Pier 2 - 3-column pier O
Flexural Shear
|
| Longitudinal skin
| Barsize: © ~ I Bar spacing: 6 in ] Bar material: Grade 60 v Stirrup clear cover: 2
| -
Primary flexural
Reinforcement input method
o Simplified Advanced Reinforcement follows cap profile
Measure \ITEI'tICal . - .Start i .End Hook at Hookat Developed | Developed

Set from ca distance  Barsize | Number Material distance length distance - end s e
| i (in) ) ) (f)
: > 1 | Top v 32610 v 6| Grade 60 05 50 50.5

2 | Top ~ 60310 6 | Grade 60 “ 05 50 50.5
|
| 3 | Bottom V 3189 9 v 5 | Grade 60 e 05 50 50.5

4 | Bottom V 58179 v 5 | Grade 60 w 5.1667 40.6667 458334

MNew Duplicate Delete
OK Apply Cancel
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Run the spec check again by clicking on the Specification Check button from the ribbon as shown below.

r o
E Bridge Workspace - LRFD Substructure Example 1 AMNALYSIS SUBSTRUCTURE REPORTS ? = a X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING

= s

Engine 3D
Qutputs Schematic

Lyl P - — -

& B2 o] [EE &=

Preliminary Generste  Load load  Analyze
~ Model Combinaticns Palette Substructure

Analysis Results

b
ped
b
pd

Workspace # X || Schematic Report
Bridge Components

B @ LRFD Substructure Example 1

[ Components

- [ Diaphragm Definitions

B Lateral Bracing Definitions

WFF LRFD Multiple Presence Factors

- EG Environmental Conditions

OF Design Parameters
[E9 SUPERSTRUCTURE DEFINITIONS
B yrrf Simple span structure {right support is rolled)
Y Simple span structure (left support is rolled)
B ke 2 Continuous span
- 3 BRIDGE ALTERNATIVES
M 2 span bridge (E) (C)
= My Continuous span steel bridge
[ SUPERSTRUCTURES
=

%
*

Analysis

~ o Stiffness Analysis
9 PIERS
B TT Pier2
2 (3 PIER ALTERNATIVES
TT 3-column pier (E) (C)
- &1 Default Materials
- T Geometry
-cp
- [ COLUMNS
- gk Superstructure Loads
9 Superstructure Environmental Loads
----- 14 Substructure Loads

Info: Model domain generation: Processing the model domain...

Info: Model domain generation: Processing the girders supported by the pier...
Info: Model domain generation: Processing the pier geometry...

Info: Model domain generation: Processing the pier reinforcement...

Info: Model domain generation: Processing the pier data...

Info: Model domain generation: Processing the superstructure...

Info: Model domain generation: Processing the pier loads...

Info: Model domain generation: Processing the environmental data...

Info: Model domain generation: Processing multiple presence factors...

Info: Model domain generation: Processing Lrid resistance factors...

Info: Model domain generation: Processing the substructure loads...

Info: Model domain generation: Processing the superstructure loaded lengths...
Using existing substructure analysis results!

Using existing substructure load combination results!

Substructure specification check started!

Building Spec Check Domain objects.

- Component 1 of 7 - Cap

- Component 2 of 7 - Columni

- Component 3 of 7 - Columna

- Component 4 of 7 - Columnsg

- Component 5 of 7 - Foundation Alt 1

- Component 6 of 7 - Copy of Foundation Alt 1

- Component 7 of 7 - Copy of Foundation Alt 1

Computing bearing pressures for Columni:Foundation Alt 1
Computing bearing pressures for Column2:Copy of Foundation Alt 1
Computing bearing pressures for Column3:Copy of Foundation Alt 1
Performing Specification Check.

- Comnement 1 of 7- Can

Print oK
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BrDR Substructure Overview

Changing the cap reinforcement results in the cap longitudinal reinforcement passing in the Spec Check Summary

as shown below. The engineer can use this process to fine-tune the design. After finding reinforcement and

dimensions that satisfy the specification articles, a final finite element analysis and spec check can be performed.

M Spec Check Results — O =
Cap Longitudinal Skin Analysis A
Location| As Effective | Actual Max.| Actual |Regquired

. Depth | Spac. [Spac.| Ask Ask |Code
) | @2 e Gn) | ) | 260 (n 20
0.000| 0.000 6.000 0.880 Pass
1.522
2.511|18.508| 42.516| 6.000/7.086| 0.880|  0.150|Pass
3.000(19.300| 44.406| 6.000/7.401| 0.880  0.173|Pass
3.625(20.240| 46.822| 6.000/7.804| 0.880  0.202|Pass
5.250|20.479| 51.537| 6.000/8.590| 0.880,  0.258 |Pass
5.572|20.988| 51.537| 6.000/8.590| 0.880  0.258|Pass
6.750|22.856| 51.537| 6.000/8.590| 0.880|  0.258 |Pass
7.928|24.728| 51.537| 6.000/8.590| 0.880|  0.258 |Pass
£.250(25.240 51.537| 6.000/8.590| 0.880,  0.258 |Pass
8.292(25.240| 51.537| 6.000/8.590| 0.880  0.258 |Pass
11.977
12.000(25.240) 51.537| 6.000|8.590 0.880  0.258|Pass
20.273
21.000(25.240| 51.537| 6.000/8.590| 0.880,  0.258 |Pass
24.000/25.240 51.537| 6.000/8.590| 0.880,  0.258 | Pass
24.322|25.240 51.537| 6.000/8.390| 0.880,  0.258 | Pass
25.500(25.240 51.537| 6.000/8.590 0.880, 0258 |Pass
26.678|25.240 51.537| 6.000/8.590 0.880,  0.258|Pass
27.000(25.240) 51.537| 6.000/8.590| 0.880,  0.258 |Pass
30.000(25.240| 51.537| 6.000/8.590| 0.880,  0.258 | Pass
30.727
39.000(25.240| 51.537| 6.000/8.590| 0.880,  0.258| Pass v

<0 >
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