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RC Pier Supporting Slab System Example

Topics Covered

e Reinforced concrete slab input as slab system.

e  Schedule-based input

e RC slab system superstructure not integral with pier

e  Superstructure loads, superstructure environmental loads and substructure loads for pier

e Analysis and specification checking of pier
This example describes defining a RC slab system superstructure not integral with pier using AASHTOWare BrDR.

Open the bridge BID 11 RCTrainingBridgel in the sample database. Open the window for RCTrainingBridgel

and check the box for Substructures to make substructure a part of the tree.

ot
Bridge Workspace View
Template Superstructures
Bridge ID: RCTrainingBridge1 MBI structure ID (8): RCTrainBridgel Bridge completely defined Culverts

Substructures

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

Marme: RC Training Bridge1(LFR) Year built:

Reinforced concrete tee-beam bridge, LFD design

Description:

Location: Length: ft
Facility carried (7): Route number -1

Feat. intersected (6): Mi. post:

Default units: US Customary v

Eridge association...

oK Apply Cancel

Click on OK to apply the data and close the window.
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Superstructure

Double click on SUPERSTRUCTURE DEFINITIONS (or click on SUPERSTRUCTURE DEFINITIONS and
select the New button from the Manage group of the WORKSPACE ribbon or right click on SUPERSTRUCTURE

DEFINITIONS and select New from the popup menu) to create a new structure definition.

Workspace — 0O X

Bridge Components
= M RCTrainingBridge1
- [ Compaonents
) Diaphragm Definitions
[ Lateral Bracing Definitions
(¥ SUPERSTRUCTURE DEFINITIONS
(7 BRIDGE ALTERNATIVES

Select Reinforced concrete slab system superstructure.

M New Superstructure Definition et

Girder system superstructure
Girder line superstructure
Floor system superstructure
Flaor line superstructure
Truss system superstructure
Truss line superstructure
0 Reinforced concrete slab system superstructure
Concrete multi-cell box superstructure

Advanced concrete multi-cell box superstructure

QK Cancel

Click on OK to close the window and open the RC Slab System Superstructure Definition window.
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RC Slab System Superstructure Definition

Enter the following description data in the Superstructure Definition window.

| D RC Slab System Superstructure Definition - [m} X

Definition | Analysis Specs Engine

Name: RC Slab System
i Member alt. types
Description:
R/C
Default units: US Customary  ~ Enter span lengths
R along the reference
Number of spans: 2 o line: Slab structure type
| Number of slab strips: R Length Frame structure simplified definition
Span
? (ft) Slab integral with pier
Nl -
2 30 o Slab not integral with pier

Contains voids

RSP P PP RN s ....__._"" e R T T - t-ohon b mt—t

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

Bridge Alternatives

Navigate to the BRIDGE ALTERNATIVES and create a new bridge alternative.

Workspace — 0O =

Bridge Components
= M RCTrainingBridge
#- [ Companents
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
B & SUPERSTRUCTURE DEFINITIONS
-- b Structure Definition #1
~ b Schedule Based RC Structure
#- ke RC Slab System
#- [ BRIDGE ALTERNATIVES
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Enter the following description data in the Bridge Alternative window.

{M Bridge Alternative — O >
Alternative name: RC Slab System Alt
Description Substructures
Description:
Honzontal curvature Global positioning
Reference line length: G0 ft Distance: 0 ft
0 Start bearing End bearing Offset: 0 fi
Starting station: 0 ft Elevation: ft
Bearing: N 90* 0' 0.00" E
Bridge alignment Start tanqent length ft
su perstucture Culvert wizard...
wizard...
oK Apply Cancel
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Navigate to the Substructures tab and define the substructure information as follows.

{M Bridge Alternative — O >

Alternative name: RC Slab System Alt

Description Substructures

Substructure Station Offset

. ) () Unit type
¥ Abutment 1 ] 0| Abutment ~
Pier 1 30 0 Pier "
Abutment 2 6l 0| Abutment

ale | '.—L-—--- r—‘---'—-'—‘— - _,l-“- r r_,,.....__.- .\____‘__.}. o ek AR b e

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

Superstructures

Double click on SUPERSTRUCTURES to create a new superstructure.
Workspace - 0O X

Bridge Components
= M RCTrainingBridge
B [ Companents
- [ Diaphragm Definitions
g E:' Lateral Bracing Definiticns
- WFF LRFD Multiple Presence Factors
- EC Environmental Canditions

- DF Design Parameters
Bl ) SUPERSTRUCTURE DEFINITIONS
" b Structure Definition #1
[t} bpfl Schedule Based RC Structure
B by RC Slab System
El- & BRIDGE ALTERNATIVES
B- T Bridge Alternative 21 (E) (C)
- [ SUPERSTRUCTURES
= b Stiffness Analysis
..... B PIERS
B M RC Slab System Alt
l [Z7 SUPERSTRUCTURES

= b Stiffness Analysis
-\ PIERS
#- TT Pier 1
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Enter the following description data in the Superstructure window.

M Superstructure

Superstructure name:  Superstructure 1
Description Alternatives Vehicle path Engine Substructures
Select the substructure supports:

Substructure
support

> _ Abutment 1

2 Pier 1 ~

Support

3 Abutment 2

a

‘\L "‘**‘\;«nh\‘\_

. J.-.I A - e el I el VN

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

Superstructure Alternative
Double click on SUPERSTRUCTURE ALTERNATIVES to create a new superstructure alternative.
Workspace — 0O X

Bridge Companents
E- M RCTrainingBridge?
- [ Components
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
- MFFLRFD Multiple Presence Factors
- EB Environmental Conditions
-~ OF Design Parameters
El- & SUPERSTRUCTURE DEFINITIONS
b Structure Definition #1
b Schedule Based RC Structure
B b RC Slab System
El- &) BRIDGE ALTERMATIVES
B- &M Bridge Alternative #1 () (C)
B [ SUPERSTRUCTURES
= Stiffness Analysis
..... @ PIERS
E ¢ RC Slab System Alt
B \=) SUPERSTRUCTURES
- T2 Superstructure 1
----- [EF SUPERSTRUCTURE ALTERNATIVES
= Stiffness Analysis
- &) PIERS
i TT Pier 1
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Enter the following data in the Superstructure Alternative window.

M Superstructure Alternative

Alternative name: Alt1
Description:

Superstructure definition:  RC Slab System

Superstructure type:

MNumber of main members:

Length
Span
? ()
3 1 30
2 30

OK

Apply

O

Cancel

X

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

The partially expanded Bridge Workspace tree is shown below.

Workspace

Bridge Components

O X

= M RCTrainingBridge1
& [ Components
- [E¥ Diaphragm Definitions

Ef? Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
EC Environmental Conditions
OF Design Parameters
E- &) SUPERSTRUCTURE DEFINITIONS
-~ ke Structure Definition #1
k- b Schedule Based RC Structure
- b RC Slab System
=l &3 BRIDGE ALTERNATIVES

+ ¢ Bridge Alternative 1 (E) (C)

= M RC Slab System Alt
- & SUPERSTRUCTURES

- X Superstructure 1

=K i) SUPERSTRUCTURE ALTERMATIVES
Lo aAn (E) (C) (RC Slab System)

=P Stiffness Analysis

- [ PIERS
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Load Case Description

Go back to Superstructure Definition and open the Load Case Description window in the Bridge Workspace tree
to define the load cases.

Workspace

Bridge Components

= M RCTrainingBridge1
;

- [ Compenents

. Diaphragm Definitions

- [ Lateral Bracing Definitions

- &3 SUPERSTRUCTURE DEFINITIONS
< b Structure Definition #1

~ b Schedule Based RC Structure
=t b RC Slak System

— Impact/Cynamic Load Allowance
- 4+ Load Case Description

- 2 Framing Plan Detail

- m Structure Typical Section
- o Superstructure Loads

- [ Bar Mark Definitions

- [ MEMBERS

- [ BRIDGE ALTERNATIVES

The completed Load Case Description window is shown below
D Load Case Description

Load case name Description Stage Type Time

(days)
» | Parapets

Parapets MNon-composite (Stage 1)~ | DLDC v

,,'_ -——u...'.__f“""",--—"" .f e o al A u-r J U™ . L

Click on OK to apply the data and close the window.
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Framing Plan Detalil
Open the Framing Plan Detail window in the Bridge Workspace tree to define the skew angles and strip spacing.

Workspace — 0O X

Bridge Compaonents
= @M RCTrainingBridge
B [ Companents
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
= &) SUPERSTRUCTURE DEFINITIONS
< bef Structure Definition #1
- brf Schedule Based RC Structure
=h bf RC Slabk System
j Impact/Dynamic Load Allowance
- o+ Load Case Description
- &5 Framing Plan Detail
- T Structure Typical Section
- o Superstructure Loads
Eﬂ' Bar Mark Definitions
#- [ MEMBERS
#- [ BRIDGE ALTERNATIVES

The completed Framing Plan Details window is shown below.

| & Structure Framing Plan Details

Number of spans: 2 Number of strips: 2

Layout

Strip spacing orientation

Perpendicular to st
Support Skew 0 " ’
= (degrees) Along support
¥ 1 0
2 0 CL strip spacing
b3y Startof Endof
strip strip

¥ _ 9.75 9.75
2 09.75 9.75

ot ~ -~ agul i, ,"."J S PP

L"u‘k oy \_,_ \ . \_.Lu‘\

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

Last Modified: 3/5/2024 9



RC Pier Supporting Slab System Example

Structure Typical Section
Define the structure typical section by double-clicking on Structure Typical Section in the Bridge Workspace tree.

Workspace — 0 =

Bridge Components
= M RCTrainingBridge 1
#- [ Compaonents
. Diaphragm Definiticns
- [E¥ Lateral Bracing Definitions
- &3 SUPERSTRUCTURE DEFINITIONS
-~ b Structure Definition #1
-~ b Schedule Based RC Structure
=} b RC Slab System
— Impact/Cynamic Load Allowance
- 4+ Load Case Description
- &5 Framing Plan Detail
- T Structure Typical Section
- o Superstructure Loads
- [ Bar Mark Definitions
- [ MEMBERS
& [ BRIDGE ALTERNATIVES

Input the data in the Structure Typical Section window describing the typical section as shown below.

M Structure Typical Section

Distance from left edge of deck to | Distance from right edge of deck to
superstructure definition ref. line | superstructure definition ref. line

L_ Superstructure Definition
| Reference Line
! h
Half left I Half right
=trip wicth | CL Strip CL Strip | strip wicth
Deck (cont'd) Parapet Median Railing Generic Sidewalk Lane position Striped lanes Wearing surface

Superstructure definition reference lineis  within ~  the bridge deck.

AAATY AN AN

Start End
Distance from left edge of deck to

superstructure definition reference line: 133 ft 133 fi
Distance from rlgh.t gc_ige of deck to. 135 & 125 &
superstructure definition reference line:

Half left strip width: 375 ft 375 ft

Computed half right strip width:

”\L’_\’.-. S . W
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Input the data describing the right and left parapets in the Parapet tab of this window as shown below.

M Structure Typical Section

Back Frarit

Deck Deck (cont'd) Median Railing

¢
3
.
»

Generic Sidewalk Lane position Striped lanes Wearing surface
Edge of deck | Distance at = Distance at Front §
Name Load case Measure to | dist. measured start end ront tece
onentation
from (ft) (ft)
» | Jersey Barrier ~ | Parapets ~ | Back v | LeftEdge 0 0| Right
Jersey Barrier ~ | Parapets ~ | Back ~ | Right Edge 0 0| Left v

Input the data describing the Lane Position as shown below.

Railing Generic Sidewalk Striped lanes Wearing surface

M Structure Typical Section
» (2] >
[B], #— Superstructure Definiion Reference Line
L, Travelway 1 o |‘ Travelway 2 _J
Deck Deck (cont'd) Parapet Median
Distance from left edge of | Distance from right edge of
Travelwa travelway to superstructure | travelway to superstructure
numbery definition reference line definition reference line
at start (A) at start (B)
(ft) (ft)
> 1 1 1
LRFD fatigue
Lanes available to trucks:
Owerride  Truck fraction:
Compute

Distance from left edge of

travelway to superstructure

definition reference line

Distance from right edge of
travelway to superstructure
definition reference line

at end (A) at end (B)
(ft) (ft)
-1 1
New Duplicate
oK Apply

Delete

Cancel

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

Last Modified: 3/5/2024
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Bar Mark Definitions

Open the Bar Mark Definitions window in the Bridge Workspace tree to define a bar mark definition for the
reinforced concrete slab.

Workspace — 0O =

Bridge Components
= M RCTrainingBridge
B [ Companents
- [ Diaphragm Definitions
~ [ Lateral Bracing Definitions
B &2 SUPERSTRUCTURE DEFIMITIONS
« bpef Structure Definition #1
+ brrf Schedule Based RC Structure
=h 4 RC Slab System
:]f_ Impact/Dynamic Load Allowance
- ot Load Case Description
- ZF Framing Plan Detail
- ' structure Typical Section
- o Superstructure Loads
- [ Bar Mark Definitions
- [ MEMBERS
B [ BRIDGE ALTERNATIVES

The bar mark definitions are used to describe a schedule of flexural reinforcement in the Strip Profile -
Reinforcement tab. Input the data as shown below.

M Bar Mark Definition - O X
Name: Type 1 Material: Grade 60 ~
Bar types: Bar size: 9 w

&
Bar type: Type 1 B
Type: Straght
Dimension
B Hook at start Hook at end
| S
B: 60 ft
Type: 1
B
- %/@o&/
ai &
Type: 2
e R,
ﬂ
2y k—E
Tvpe: 3
QK Apply Cancel

Click on OK to apply the data and close the window.
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Describing a member

Double click on S1 under MEMBERS. The member window will pop up and show the data that was generated when
the structure definition was created.

Workspace

Bridge Components
E- M RCTrainingBridge1
- [ Companents
- B2 Diaphragm Definitions
- [ Lateral Bracing Definitions
B 5 SUPERSTRUCTURE DEFINITIONS
b Structure Definition #1
-« b Schedule Based RC Structure
= b RC Slak System
= Impact/Cynamic Load Allowance
- 2t Load Case Description
- &% Framing Plan Detail
- Structure Typical Section
- g Superstructure Loads
- [ Bar Mark Definitions
= = MEMBERS

- I S1
- I s2
- I 53

- [ BRIDGE ALTERMATIVES

No changes are required in this window. The first Member Alternative created will automatically be assigned as the
Existing and Current member alternative for this Member.

i [embe — O
Member name: 51 Link with: -- None -- e
Description:
Existing | Current | Member alternative name = Description
MNumber of spans: oo Span
ED length
' (ft)
K 1 30
2 30
QK Apply Cancel
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Defining a Member Alternative:

Double click on the MEMBER ALTERNATIVES in the tree to create a new member alternative.
Workspace

- 0O X
Bridge Components
= M RCTrainingBridge 1

E

- [ Companents

- B Diaphragm Definitions

- [ Lateral Bracing Definrtions

=- & SUPERSTRUCTURE DEFINITIONS
b Structure Definition #1

+ brf Schedule Based RC Structure
=t b RC Slak System

j Impact/Dynamic Load Allowance
- o+ Load Case Description
- A& Framing Plan Detail
- m Structure Typical Section
- o Superstructure Loads

@Bar Mark Definitions
= & MEMBERS

= I &1
-~ gde Member Loads
- g% Supports
----- [ MEMBER ALTERMATIVES
- I 52
- I 53
- [ BRIDGE ALTERMATIVES

The New Member Alternative window shown below will open. Select Reinforced Concrete for the Material type
and Reinforced Concrete Slab for the Girder type.

I Mew Member Alternative

Material type:

Girder type:
Reinforced concrete

Reinforced Concrete Slab

| i Cancel
L

Click Ok to close the window and create a new member alternative.
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The Member Alternative Description window will open. Enter the data as shown below.

D Member Alternative Description

Member alternative: 51

Description Specs Factors

Description:

Girder property input method

Self load
Additional self load:

Additional self load:

Engine Import  Control options

Material type: Reinforced Concrete

Girder type: Reinforced Conc

Default units:  US Customary

End bearing locations C] Edge beam
Left: & in
Right: & in

Default rating method:
kip/ft LFR "
ke Analysis strip

© Full slab section width

User defined

- ‘J.-... *_-‘.Lr‘...u- an B an g e ”_‘__,‘ N e el P

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

Strip Profile

Double click on the Strip Profile node in the Bridge Workspace tree and enter the data shown below describing the

slab strip.

™ Strip Profile

it?npt?er: distance
(ft)
1 w 0

Last Modified: 3/5/2024

Type: Reinforced Concrete Slab

Reinforcement

Lenath End Start End
EE‘% distance  width width
(ft) {in} {in}
80 60 90

15

a0 | Class A (U5) =

Concrete material  Modular ratio
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Navigate to the Depth tab and enter the data below to define the depth of the slab strip.

M Strip Profile

Type:

Section Depth Reinforcement
Begin End e Start Length End %

depth | Depthvary depth nurmber distance () distance

(in) (in) (ft) (ft)
b 18| Mene 18| 1 - 0 B0 60

Switch to the Reinforcement tab and enter the data below to define the reinforcement in the slab strip.

4 Strip Profile - m]

Type:
Section Depth Reinforcement
Vary bar spacing

Start End Start | End .
Bar Measured tar bar bar side | side = Support EEE Sle 30 EET end

Set mark Invert from cover | Number epacing | spacing | cover | caver | number Direction distance | length = distance fully fully
{in) p;n) 9 "[m] 9 & | ) ) ()  developed developed
> Typel v Bottom of Sl... 2 9 10 10 5 501 v e v 0 60 60

Duplicate Delete

QK Apply Cancel

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

The description of member alternative S1 is complete.
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Member Alternative Description - S2
Definition of the member alternative for S2 is the same as the definition of the member alternative for S1 except for
the strip profile. The window is shown below with the data describing the Slab Strip S2.

D Member Alternative Description - O X

Member alternative: 52

Description Specs Factors Engine Import  Control options
Description: Material type: Reinforced Concrete
Girder type: Reinforced Concrete Slab
Default units:  US Customary v
Girder property input method End bearing locations Edge beam
Left 6 in
Right & in
Self load Default rating method:
Additional self load: kip/ft LFR w
Additional self load: % Analysis strip

Q) Ful slab section width
User defined

s S e ot ot ot o s A i

el

Strip Profile —S2

M Strip Profile

Type: Reinforced Concrete Slab
Depth Reinforcement
Support Start Lenath End Start End
nuFr:r?ber distance [f?} distance width width Concrete material = Modular ratio
(ft) (ft) (in) (in}
| R 0 a0 B0 144 144 | Class A (US) -~

Last Modified: 3/5/2024 17
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M Strip Profile

S

Type: Reinforced Concrete 5lab
Section Reinforcement
Begin End Start End
depth | Depthwvary | depth izl::;:' distance LEB__?}H-' distance
(in) (in) (ft) {ft) e
» 18| Mone h 18| 1 h 1] 60 6

M Strip Profile - m]

Type: Reinforced Conc

Vary bar spacing
. Messured Clear S;a" f):d ST‘;" E,:d sumort Start | Straight | End Start End
Set =" Invert asure cover | Number = ’ e e HPPo! Direction | distance length | distance fully fully
mark from N spacing spacing cover cover number
{in) {in) (in) {in) ) {ft) (ft) (ft) developed | developed
o1 | Typel v Bottomof Slab 2 15 10 10 2 201 v | Left v 0 80 50
New Duplicate Delete
CK Apply Cancel

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

The description of member alternative S2 is complete.

Last Modified: 3/5/2024 18
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Linking Members

Link member S3 with member S1 so that they share the same definition. Open Member S3 and select Link with S1.

M 1embe — O =
Member name: 53 Link with: 51 e
Description:
Existing | Current | Member alternative name = Description
3
Number of spans: <o Span
sc length
' (ft)
1 30
2 30
0K Apply Cancel

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

The description of this structure is complete.

The partially expanded Bridge Workspace tree is shown below.

Workspace - 0O X
Bridge Companents

B ¢ RCTrainingBridge

£

- [ Components

- B Diaphragm Definitions

- [ Lateral Bracing Definitions

- &) SUPERSTRUCTURE DEFINITIONS
[ b Structure Definition #1

[+ b Schedule Based RC Structure
= b RC Slab System

] Impact/Cynamic Load Allowance
- ot Load Case Description

- A&7 Framing Plan Detail

- m Structure Typical Section

- o Superstructure Loads

- @' Bar Mark Definitions

- [ MEMBERS
w I8
- I S2
- I S3(51)

B [ BRIDGE ALTERNATIVES

Last Modified: 3/5/2024 19
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Schematic - Structure Typical Section
With Structure Typical Section selected in the Bridge Workspace tree, click on the Schematic button from the
WORKSPACE ribbon (or right click and select Schematic).

-
o | Bridge Workspace - RCTrainingBridge1 ANALYSIS REPORTS ? - o X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
d 3 =
H 862 = ™

save @ Rl (oo Bport Refresh | Open Schematic

Bridge Manage

%
x

Workspace # X || Schematic % X  Report

Bridge  Components
- @M RCTraining@ridge |
- [ Components
[ Diaphragm Definitions
[ Lateral Bracing Definitions
HPF LRFD Multiple Presence Factors
EC Environmental Conditions

OF Design Parameters
) SUPERSTRUCTURE DEFINITIONS
Yref Structure Definition 21
¥rrf Schedule Based RC Structure
Yrrf RC Slab System
- =L Impact/Dynamic Load Allowance Analysis
-k Load Case Description
- &F Framing Plan Detail
- T Structure Typical Sectio
2 Superstructure Loads | [ Open
B (3 Bar Mark Definitions
s Typel
- B MEMBERS
[ BRIDGE ALTERNATIVES
M Bridge Alternative #1 (E) (i
D) RC Slab System Alt

1+

%
X

Analyze
View Summary Report
View Detailed Report

I

Schematic

General Preferences

B&foe

Close Bridge Workspacs

The figure below shows the cross section view of the reinforced concrete slab system superstructure.
Schematic — 0O X

Bridge Typical Section

B hQQe EH L 0% -

41

RCTrainingBridge1
RC Training Bridge1(LFR) - RC Slab System
1/25/2024

2?I_0I1

22I_0I1

\ Travelway 1 /

1 g2 3
A Sl_gll 2@9!_9“ = 19'—5“ 3I_9Il N
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Schematic — Framing Plan Detail
With Framing Plan Detail selected in the Bridge Workspace tree, click on the Schematic button from the
WORKSPACE ribbon (or right click and select Schematic).

r al
E Bridge Workspace - RCTrainingBridge1 ANALYSIS REPORTS ? = [m] X
BRIDGE WORKSPACE 'WORKSPACE TOOLS WIEW DESIGN/RATE REPORTING
ol 3 =
Save B Revert oo Export Refresh Open
Bridge Manage
Workspace X Schematic # X Report £ X
Bridge Components

= M RCTrainingBridge 1

G- @'Cumpcnent}

- [ Diaphragm Definitions
@ Lateral Bracing Definitions

- VPP LRFD Multiple Presence Factors
E€ Environmental Conditions

- OF Design Parameters

& [ SUPERSTRUCTURE DEFINITIONS

- b Structure Definition #1

- b Schedule Based RC Structure

Bl bref RC Slab System

~ =} Impact/Dynamic Load Allowance

- g% Load Case Description

- 2% Framing Plan Detai

B
X

Analysis

- |2 BRIDGE ALTERNATIVES

- i Structure Typical & Open

= Superstructure Loal Analyze
: ‘E’ Bar Mark Definitio View Summary Report
. @;::;:R; View Detailed Report

Schematic

¥ ¢ Bridge Alternative #1 (
#- D RC Slab System Alt

B & e R I

General Preferences

Close Bridge Workspace

The figure below shows the framing plan of the reinforced concrete slab system superstructure.

Schematic

Bridge Typical Section

B kA C e B i

Framing Plan

— 0O X

- —
RCTrainingBridge 1
RC Training Bridge1({LFR) - RC Slab System
1/25/2024
I« 300 o 30-0" »

A 51 -~
& | E M & o
2 (—90_0 deg. 2 ¢ 90.0 deg. 2 '\,—go.u deg.

r L ] X ¥ ¥

. 52 -
& & 2
o o =

r X

i
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Substructure: Pier Alternative

The BrDR Substructure module 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.

The partially expanded Bridge Workspace tree is shown below.

Workspace — 0O X

Bridge Components
= M RCTrainingBridge1
B [ Components
. Diaphragm Definitions
[ Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
ES Environmental Conditions

- DOF Design Parameters
- &3 SUPERSTRUCTURE DEFINITIONS
-- b Structure Definition #1
~ b Schedule Based RC Structure
®- krf RC Slab System
= &3 BRIDGE ALTERNATIVES
N {4 Eridge Alternative #1 (E) ()
B M RC Slab System Alt
- |3 SUPERSTRUCTURES
SR Superstructure 1
B =7 SUPERSTRUCTURE ALTERNATIVES
----- =2 Alt1 (E) (C) (RC Slabk System)
= Stiffness Analysis
- |&) PIERS
=TT Pier 1
----- [£7 PIER ALTERNATIVES

Last Modified: 3/5/2024 22
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Pier
Double click on the Pier 1 node in the Bridge Workspace tree to open the Pier window and verify that the Skew angle
is 0 degrees.

i Dier — O *

Pier name: Pie

Description Stream flow

Pier skew angle

0 Input skew angle Skew angle: 0 Degrees Description:
Input bearing angle
o M- igigheitorpmitamtioyation: s es et £ e ™ B T S W T N o

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

Pier Alternative

Double click on PIER ALTERNATIVES in the Bridge Workspace tree to create a new pier alternative.

Workspace — 0O =

Bridge Compaonents
= M RCTrainingBridge1
B 2 Companents
-~ B Dizphragm Definitions
B Lateral Bracing Definitions
MFFLREFD Multiple Presence Factors
EC Enwironmental Conditions

- OF Design Parameters

E- & SUPERSTRUCTURE DEFINITIONS

< b Structure Definition #1

« b Schedule Based RC Structure

- b RC Slab System

- & BRIDGE ALTERMATIVES
# M Bridge Alternative #1 (E) (C)
= @ RC Slab System Alt

- Eﬂ' SUPERSTRUCTURES

= Stiffness Analysis

i PIERS
B TT Pier 1
----- Eﬂ' PIER ALTERMATIVES
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Four types of reinforced concrete pier alternatives can be described: frame piers, solid shaft (hammerhead) piers, wall

piers and pile bent piers, as shown in the figure below.

M

[ ] [ ]

Solid Shaft Pier W all Pier Pilz Bent Pier

o i o o . oy |
pre * -~

In this example, the two span continuous reinforced concrete slab system superstructure is supported by a 2-column
frame pier. Select the Frame Pier and click the Next button.

Enter a Name for the pier alternative, change the Number of columns to 2 as shown below.

& Mew Pier Alternative >
Type:
Mame: 2-Column Frame
Description:
Units: U5 Customary "
MNumber of columns: 2 -

ws

Columns have combined footings:

<Back | Finish |  Cancel

Click Finish to close the wizard and create the new pier alternative.
Please note that switching between combined/independent footings is not permitted once a selection is made here. A

new pier alternative will have to be created to change the footing type.
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The Pier Alternative window will automatically open.

M Pier Alternative - 2-Column Frame - O

Name: 2-Column Frame Type: RC Frame Pier

Description Stiffness Reports

Description: Units: US Customary V
LRFD substructure design settings
Preliminary mode
Default design settings:  Preliminary Design Setting (U
Columns
Override default
Number of columns: 2 ::

Design settings:

Columns have combined footings:

Final mode

Default design settings:  Fina
Qverride default

Design settings:

Advanced DLA..

Apply Cancel

Overriding the default design settings can be done on this window.
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Navigate to the Stiffness tab. This tab computes information about the stiffness of the pier to assisting in determining

the type of structural analysis required. Since pier geometry is not entered by the user yet, BrDR cannot compute the

slenderness ratio and the Compute slenderness ratio button is disabled.

My Pier Alternative - 2-Column Frame

Name: 2-Column Frame Type:
Description Reports
Analysis method
Method: First Order Elastic e
Pier longitudinal axis
Sidesway

Unbraced length:

0 Braced

Slendermness results

Unbraced

Gross area: Moment of inertia:

KL/r:

Pier transverse axis

Sidesway

Braced o Unbraced

Slendemess results

Unbraced length:

Gross area: Moment of inertia:

KL/r:

RC Frame Pier

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

ft Effective length factor, K

Radius of gyration:

ft Effective length factor, K

Radius of gyration:

QK

2

Apply Cancel

There is no data to be entered in this window so click the Ok button to close this window. Do not click the Cancel

button as that will cause the creation of the new pier alternative to be canceled.
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The bridge workspace under Pier Alternative is shown below.

Workspace — 0O X

Bridge Components

= M RCTrainingBridgeT
#- [ Companents
2 Diaphragm Definitions
B Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
EC Environmental Conditions
- DF Design Parameters
=l (&) SUPERSTRUCTURE DEFINITIONS
-« b Structure Definition #1
~ b Schedule Based RC Structure
- b RC Slab System
=l &3 BRIDGE ALTERNATIVES
#- My Bridge Alternative #1 (E) ()
= ¢ RC Slab System Alt

[ SUPERSTRUCTURES
-t Stiffness Analysis

=3 PIERS

= TT Pier 1
=8 i=2 PIER ALTERMATIVES
=TT 2-Column Frame (£} (C)

®] Default Materials
- ﬁﬁeumetr}r
[+- W Cap
B B COLUMNS

- oide Superstructure Loads

- Superstructure Environmental Loads
----- 4 Substructure Loads
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Default Materials

The Default Materials window permits the selection of materials that will be used as default selections for the pier
components.

i Default Materials - | *
Material Column/wall shear reinfarcement type
Cap: Class A (US) v O spirals
Column/wall: Class A (US) o Spirals designed as ties
Footing: Class A (US) w Ties
Steel pile: -- None -- W
Reinforcement matenal Pile foundations
Cap: Grade 60 e
Column/wall: Grade 60 w Steel pile shape -- Mone -- e
Footing: Grade 60 w
0K Apply Cancel

No changes need to be made, click OK to close the window.

Pier Geometry

Double click on the Geometry window to open it.

Workspace - 0O x

Eridge Compaonents
2 @M RCTrainingBridge1
B [ Companents
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
- MFFLRFD Multiple Presence Factors
- EG Environmental Conditions

OF Design Parameters
Bl ) SUPERSTRUCTURE DEFINITIONS
- bl Structure Definition #1
- b Schedule Based RC Structure
- Y RC Slab System
Bl ) BRIDGE ALTERNATIVES
- M Bridge Alternative 21 () (C)
= My RC Slab System Alt
" [ SUPERSTRUCTURES

= P Stiffness Analysis
= |3 PIERS
= TTPier1
B i3 PIER ALTERNATIVES
& TT 2-Calumn Frame (€) (C)
-~ I Default Materials
ﬁGEomElr)r
- WP Cap
- [ COLUMNS
Hr Superstructure Loads
- Superstructure Environmental Loads
- 1+ Substructure Loads
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This window allows the user to define some basic pier geometry. The window is not drawn to scale.

Enter the data as shown below to define the 2-Column Frame geometry.

% Pier Geometry - Pier 1 - 2-Column Frame —
1Superstructure
Distance from left end of cap to :Heferen:e Line
superstructure reference line .

Distance from left end of cap to
centerline of leftmost column

Distance from centarline of rightmost
column to right end of cap

Column
bay

oL Elevation View

Columnn Column spacing
bay ()

Distance from left end of cap to 135 &
superstructure reference line: —_ ? 1 20
Distance from left end of cap to 35 &
centerline of leftmost column: ’
Distance from centerline of rightmost

E 35 ft
column to right end of cap:

oK Apply

Cancel

Click on OK to apply the data and close the window.
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Cap
Double click on Cap in the Bridge Workspace tree.

Workspace — 0 =

Bridge Components

= M RCTrainingBridge1
#- [ Compaonents
. Diaphragm Definiticns
[ Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
EC Environmental Conditions
- DBF Design Parameters
= &3 SUPERSTRUCTURE DEFINITIONS
-« b Structure Definition #1
~ b Schedule Based RC Structure
+ b RC Slabk System
= &3 BRIDGE ALTERNATIVES
#-  ¢M4 Bridge Alternative #1 (E) (C)
= ¢ RC Slab System Alt
- [ SUPERSTRUCTURES
=t Stiffness Analysis
=3 PIERS
B TT Pier 1
B {=) PIER. ALTERMATIVES
=TT 2-Column Frame (€] (C)
-~ &I Default Materials
.t Geometry
- W Cap
- P Components
- T2 Geometry
----- U Reinforcement
B [ COLUMNS
- g Superstructure Loads
. Superstructure Environmental Loads
----- H Substructure Loads
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The Cap Properties window will open with data populated as shown below.

i Cap Properties - Pier 1 - 2-Column Frame - O d

Description Additional loads

Cap typs: Cap top configuration: Cap material: Class A (US) ~
Pedestals Exposure factor:
CL bearing Angle between CL Bearing seat
Member station rmember and CL support elevation
(ft) (Degrees) (ft)
bl 51 30 a0 0
52 30 a0 0]
53 30 a0 4]

I S S -_’_’F— R o -_’f - .,f / N ) r, g —

The Additional loads tab allows the user 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.

Cap Components

Expand the bridge workspace tree under the Cap label and double click on Components to open the window. Select
the following type of cap cantilever component for both the left and right cantilevers.

4y Cap Components - Pier 1 - 2-Column Frame O

Cap type 0 Beam

Cap left cantilever Cap right cantilever

Click the OK button to apply the data and close the window.
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Cap Geometry

Double click on Cap Geometry and enter the following cap geometry data.

% Cap Geometry - Pier 1 - 2-Column Frame
| Superstructure
:Reference Line
i
Ahead Span i
I
L S :[C-Ipwldlh
'
. .
Back Span Plan
ke T -
STA. AHEAD
’ Cap Length "
Left Elevati ! ! Right Elevation
I Elevation View
L
Cap width: 4 ft Dimension
— Location Cantilever Elevation (#t)
aplenat type (F)
D1 D2
[P s " ;
Right Straight 18 3
oK Apply

D3

Cancel

Click the OK button to apply the data and close the window.
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Cap Reinforcement

Double click on Cap Reinforcement and enter the following reinforcement data.

M Cap Reinforcement - Pier 1 - 2-Column Frame

Flexural Shear

Longitudinal skin

Bar size: 6 e Bar spacing: 6 in  Bar material: Grade 60 w

Primary flexural

Reinforcement input method

o Simplified Advanced Reinforcement follows cap profile
Measure Vertical Start Straight
Set from ca distance | Barsize = Number Material distance | length
L) GG
> - Top V 3{10 ~ 5| Grade 60 -~ 0.5 26
2 | Bottom 3{10 ~ 5| Grade 60 -~ 0.5 26

Stirrup clear cover: 2 in
End
distance Hook at Hookat Developed Developed
) start end at start at end
26.5

T o S o NN NN S PV P WD e

—tnt?™

Navigate to the Shear tab of this window and enter the following data to describe the shear reinforcement for the left

Last Modified: 3/5/2024

half of the pier cap.
% Cap Reinforcement - Pier 1 - 2-Column Frame
Flexural Shear
Start
Bar size Number Material Measure from Direction = distance
of legs
ift)
5 i 4 | Grade 60 Left Edge of Cap Right ~ 0.5
5 v 4 | Grade 60 Left Edge of Cap Right -~ 0.5
5 4 | Grade 60 Left Edge of Cap Right 135
5 v 4 | Grade 60 Left Edge of Cap Right -~ 26.5
S S R N N Y

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

33
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25 6 12.5 13
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Define the pier columns

Expand the bridge workspace tree under Columnl.

Workspace — 0 =

Bridge Components

= M RCTrainingBridge 1
#- [ Compaonents
. Diaphragm Definiticns
[ Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
EC Environmental Conditions
- DBF Design Parameters
= &3 SUPERSTRUCTURE DEFINITIONS
-« b Structure Definition #1
~ b Schedule Based RC Structure
+ b RC Slabk System
- &3 BRIDGE ALTERNATIVES
# ¢M4 Bridge Alternative #1 (E) (C)
= #M RC Slab System Alt
- [ SUPERSTRUCTURES
=t Stiffness Analysis
=3 PIERS
B TT Pier 1
B {=) PIER. ALTERMATIVES
=TT 2-Column Frame (€] (C)
-~ &I Default Materials
: ﬁﬁecmetr}r
- W Cap
- P Components
- B} Geometry
----- U Reinforcement
= &9 COLUMNS
= W Columni
8 Components
[1 Geometry
[Ej Reinforcement Definitions
Reinforcement
----- [ FOUMDATION ALTERNATIVES
#- W Column?
- 24 Superstructure Loads
. Superstructure Environmental Loads
----- ¥ Substructure Loads
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Column1 Components
Double click Columnl Components in the tree to open the window below. 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.
fu)

Number of cross-section segments for column: 1

o

Segment Material Segment vary Cross-section type
Segment 1
» 1 Class A (US) ~ | None ~ Round e
Segment 2
- p— Aot o g L P Y o I S SR

BrDR assumes the column cross section type is round when creating a new column. Since in this example the pier has

round columns, this assumption is correct. Click the OK button to apply the data and close the window.

Columnl Geometry

Open the Columnl Geometry window and enter the following column geometry data.

o
Pier Transverse Axis
Column Transverse Axis
——
Pier Longitudinal Axis / ! \
Column Longitudinal Axis B : - _+ .
\ 1
\ - /
\\ ! /
—
D1
T
T STA. AHEAD Plan View
L
Dimension
Segment e . Elevation [#)
Segment e Cross-section type Location )
D1 D2 D3 D4 D5 D6
¥ - Nene Round Top 15 3
Bottom 0 3
PN ST DY S YRR WS e Y o

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

Double click the Reinforcement Definitions label to create a new reinforcement definition for the column. The
reinforcement definition will be later assigned to ranges over the height of the column.

am
Narne:
Bundle bars
pY
i Bar B.ar Material X .Y
e i 7 size (in) {im}
| i |
| i |
| i i 3%
b ] b JI____+_..
i ! |
o
: i I
. +—————— 1
i
I TSta Ahead
L
Generate pattern New Duplicate Delete

oK Apply Cancel

Click the Generate Pattern button above to use the pattern wizard to create a pattern of reinforcement. Enter the
following data. The clear cover measured to the face of the flexural reinforcement is 2” cover to face of spiral plus %5”

for the spiral diameter. After data is entered click the OK button.

M Generate Pattern Wizard X
Pattern name: 8 #10 Bars Bundle type Bar size: 10 -~

Column segment: ‘ v Q single Material Grade 60 v

Segment cross section: Round 2 Parallel Clear cover: 2.5 in

2 Perpendicular

3 Bar

Mumber of bars:

[==]

Top / bottom:
Cwerall trans. width:

Cverall long, width:

Cancel
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The following bar locations are generated for this pattern. Uncheck the Bundle Bars checkbox.

™ Column Reinforcement - - Pier 1 - 2-Column Frame - O *
MName: 8 #10 Bars
D Bundle bars
+Y
T Bar B.ar Material X .Y
Ir———————!— —————— 7 size (in) {im)
i
| i i > - 10 ~ |GradeBd ~ 14.865 0
| [ Y
S e f-5 2 10 v [Grade80 ~ | 105111423 | -10.5111423
| H |
|
i i ! 210 v |Gradesd - 0 -14,365
1 | |
fmmmmmo o T _______ ! 4 |10 ~ |Grade60 -~ | -10.5111423 | -10.5111423
T i Grade 60 )
TSta Ahead 5 |10 v |Grade60 ~ 14865 0
L 6 |10 ~ |Grade®D ~ | -10.5111423| 10.5111423
7 |10 ~ |GradedD -~ 0 14.865
8 |10 ~ |Grade&D -~ 105111423 | 105111423
Generate pattern New Duplicate Delete
oK Apply Cancel

Click the OK button to apply the data and close the window.
In this example the column reinforcement is going to extend down into the footing so next create a Foundation
Alternative and then come back to assign this pattern to the column. Otherwise, a validation message will be generated

stating that the column rebar does not fit inside the footing.
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Foundation Alternatives

Double click FOUNDATION ALTERNATIVES and the New Foundation Alternatives wizard will open.

Workspace — 0O =

Bridge Components
= M RCTrainingBridge1
- [ Components
2 Diaphragm Definiticns
7 Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
ES Enwvironmental Conditions

- BF Design Parameters
= |3 SUPERSTRUCTURE DEFIMITICNS
« b Structure Definition #1
- bf Schedule Based RC Structure
- b RC Slak System
= &3 BRIDGE ALTERNATIVES
# @My Bridge Alternative #1 (E) (C)
=t My RC Slab System Alt
- Eﬂ' SUPERSTRUCTURES
= Stiffness Analysis
- |3 PIERS
B TT Pier 1
B l=) PIER ALTERMATIVES
B TT 2-Column Frame (E) (C)
-~ LT Default Materials
: ﬁ‘ﬁeometr}r
- " Cap
- [P Components
- Bl Geometry
----- CI? Reinforcement
E- [ COLUMNS
= W Columni
g Compaonents
| Geometry
- [ Reinforcement Definitions
Reinforcement
----- [E’j FOUNDATION ALTERMATIVES
#- W Column2
- e Superstructure Loads
= Superstructure Environmental Loads
----- 1 Substructure Loads
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Select the Spread Footing.

M

=

=

Spread Footing

File Foating Single Drilled Shaft

Click the Next button.

Enter the following description of the foundation.

M
Type:
Name: 10% 10 Ftg
Description
Units: US Customary y
Footing width: 10 £t Footing thickness:
Footing length: 10 it
Footing material: Class A (US) »
i
|Sta Ahead

Fier Tranzverse Axis —»l

PieanngitudinaIA}{i§

)

!

!

!
.| —
1

i

I

]
Foating Width

Footing Length

Last Modified: 3/5/2024
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Click Finish and the Foundation Properties window will open. Enter the Exposure Factor.

™ Foundation Properties-Pier 1-2-Column Frame-Column1 - m} é,
Name: 10 x 10 Ftg Foundation type: Spread Foundation
Description Additional Loads Soil
Description: Units:  US Customary w (
Footing Foundation seal $
Footing material: Class A (US) ~ Material: Class A (US k‘
[ Exposure factor 1 ]
Length:
Bottom elevation:
Thg— ~ ot e

Navigate to the Soil tab of this window and enter the Subsurface type as Rock and enter the Factored bearing
resistance as shown below.

M Foundation Properties-Pier 1-2-Column Frame-Colurmni

Mame: 10x 10 Ftg Foundation type:  Spread Foundation

Description Additional Loads
Subsurface type
soil ) Rock

Factored bearing resistance: 20 l kesf

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

Open the Foundation Geometry window.

&% Foundation Geometry - 10x 10 Ftg

Pier Transverse Axis
Column Transverse Axis

Pier Longitudinal Axis
Column Longitudinal Axis

T STA. AHEAD Plan View
| L

. ) Dimension
Location E}r?t;mn (ft)
D1 D2
» | Top 0 10 10
Bottom -25 10 10

Cancel

There is no additional data to enter so click the OK button.

Last Modified: 3/5/2024 41




RC Pier Supporting Slab System Example

Foundation Reinforcement

Open Foundation Reinforcement and enter the following reinforcement data for the footing.

™ Foundation Reinforcernent -Pier 1 - 2-Colurnn Frame - Columni - 10x 10 Ftg - O
Direction of topmeost rebar: Longitudina ~  Top bar clear cover: 3 in End cover: 3 in
Direction of bottommost rebar: Longitudina -~ Bottom bar clear cover: 3 in Material:  Grade 60 ~
Top longitudinal reinforcement Top transverse reinforcement
Bar size: 5 w Number: 10 Bar size: 5 e Number: 10
Hooked Hooked
Fully developed Fully developed
Bottom longitudinal reinforcement Bottom tranverse reinforcement
Bar size: 9 v Number: 15 Bar size: 9 v Number: 15
Hooked Haoked
Fully developed Fully developed
OK Apply Cancel

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

Column 1 - Column Reinforcement

Navigate back to the Column Reinforcement window for Column1 and assign the reinforcement pattern as follows.

M Column Reinforcement - Column - Pier 1 - 2-Column Frame — O >
Flexural Shear
.Start Straight .End Hook at | Hook at | Developed | Developed | Follows
Set | distance | length | distance Pattern - end - tend rofile
(ft) () (f) ?
> -2.5 17 145 8#10Bars
— PR , P _____’ - ,_"_"M-‘ I ¥ T—— ) ,—--_. "r r—“" J Bt i
. -
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Define the following shear reinforcement in Columnl. The stirrups extend into the footing, but BrDR will not consider

the shear reinforcement in the footing or cap when performing specification checks.

™ Column Reinforcement - Column - Pier 1 - 2-Column Frame — O >
Flexural Shear
Shear reinforcement type
Ties o Spirals Spirals designed as ties
. Start End
Bar size P(Iitr;h Material distance Le{r;tg:lth distance
(ft) (ft)
I 3| Grade 60 -~ -2.5 17 14.5
..-—..p.....-_‘-_‘__‘_lr—&r-"' b P _‘-,- ’_n , e e f_‘

"

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

The description of Column 1 is complete. Copy Column 1 to Column 2 by following these steps:

1. Right click on Columnl in the Bridge Workspace tree and click on the Copy button.

r Al
E Bridge Workspace - RCTrainingBridge ANALYSIS SUBSTRUCTURE REPORTS. ? — (m} X
ERIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
E e "
wJ b
Preliminary Results
b Graph
Analysis Results
Workspace s K Schematic X Report X

Bridge ~ Components

= | PIER ALTERNATIVES -
2 TT 2-Column Frame (E) (C)
51 Default Materials
ﬁGeomelr_v
G- WP Cap
- [ COLUMNS
B M Column
- B com %5 Expand Branch
- [ Geor Q Collapse Branch
- Br
ID emﬁ k= Open
. Rein ) Copy ] nalysis X
- BFoul B Duplicate
B @ v Summary Report
| ]E @ View Detailed Report
- W Columnl i5F General Preferences
- B Com Ed Close Bridge Workspace
- [ Geonrerry
B Reinforcement Definitions
g Reinforcement
- [Z) FOUNDATION ALTERNATIVES
- gy Superstructure Loads
=5 Superstructure Ervironmental Loads
o b Coletnibire Laade v
. 4
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2. Right click on the Column2 node in the Bridge Workspace tree and click on the Paste button.

r
E Bridge Workspace - RCTrainingBridge ANALYSIS SUBSTRUCTURE REPORTS 7 — m} x

5

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING

|_|.-,'I_I o
Results

Preliminary
v Graph

Analysis Results

z
X
=
X

Workspace XK Schematic Report

Bridge Compaonents

Y @e LEIauIl WSl a

ﬁGeometry %3 Expand Branch
- P Cap
= &3 COLUMNS
- MW Columni = Open

A Com ] Copy

O Geor

IIE Pasne]

..... 8 i} Duplicate
Reinfi @ W
- |3 Foun @ v
B

Q Collapse Branch

v Summary Report

v Detailed Report

B
X

nalysis

| I 88 General Preferences
-~ [ Close Bridge Workspace
E- W Column
- B Compenents

O Geometry
g @ Reinforcement Definitions

Reinforcement

- [ FOUNDATION ALTERNATIVES

- e Superstructure Loads
- Superstructure Environmental Loads
-4 Substructure Loads -

[

3. The following message appears. Click Yes to copy all data from Columnl to Column2.

Bridge Design & Rating

Replace existing data?

Similarly copy the foundation 10 x 10 Ftq from Column1 to Column2.
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Pier Alternative — Stiffness tab

Now that the pier geometry is defined, re-open the Pier Alternative - Stiffness tab and evaluate the slenderness of
the pier.

™ Pier Alternative - 2-Column Frame - O *

Name: 2-Column Frame Type: RC Frame Pier

Description Stiffness Reports

Analysis method
Compute ; .
slenderness ratic Method: First Order Elastic b

Pier longitudinal axis
Sidesway

o Braced Unbraced Unbraced length: 15 ft Effective length factor, K 065

Slendemess results

Gross area: Moment of inertia: Radius of gyration:

KL/r:

Pier transverse axis
Sidesway

Braced o Unbraced Unbraced length: 15 ft Effective length factor, K: 2

Slendemess results

Gross area: Moment of inertia: Radius of gyration:

KL/r:

oK Apply Cancel

BrDR computes the KL/r ratios for the pier longitudinal and transverse axes based on the pier alternative geometry
that was input. Independent evaluation of KL/r ratios can be done 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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Schematic — Pier Alternative
To view the 3D schematic of the pier alternative, right click on pier alternative 2-Column Frame in the bridge

workspace tree and click on 3D Schematic (or select 2-Column Frame and click on the 3D Schematic button from
the SUBSTRUCTURE DESIGN ribbon).

r al
o | Bridge Workspace - RCTrainingBridge ANALYSIS  SUBSTRUCTURE  REPORTS 2 - O x
BRIDGE WORKSPACE ~ WORKSPACE  TOOLS  VIEW  DESIGN/RATE DESIGN REPORTING
EE 2 4 EE P o—
¢ b g B s P 3 =
Preliminary Generate  Load load  Analyze  Specification  Tabular Engine D
v Model Combinations Palette Substructure  Check | Results Outputs Schematic
Analysis Results
Workspace 44 hemati 2 X Report # X
@3 Expand Branch
Bridge  Components @ Colspse Bronch
E- @ RCTiainingBridgel
) Components = Open
( Diaphragm Definitions 0 copy
[ Lateral Bracing Definitions [ Dupiicate
HPF LRFD Multiple Presence Factors X Delete
EC Environmental Conditions
o Design Perameters 52 Generate Model
5 SUPERSTRUCTURE DEFINITIONS 2 3D Schematic
B 4y Structure Definition #1 |4 Load Combinations
b Schedule Based RC Structure A Ansyze
Bl 4 RC Slab System . & X
=| Specification Check
= £ BRIDGE ALTERNATIVES El Specification Chec
D Bridge Alternative #1 (E) (C) Tabular Results
i fD)RC Slab System Alt & Validate
-- £ SUPERSTRUCTURES B ummary Report
4 Stiffness Analysis
tailed Report
= 2 PIERS 5 B
& TTPier1 i General Preferences
B 23 PIER ALTERNATIVES B Close Bridge Workspace
TT 2-Column Frame (E) (Cy
L 4
3D Schematic — O x

Eﬂt‘i:_b@ﬂLi"ear w

4l

Station, Ahead
!

i

''''''' u ;r'_—"-__:’_:J;Ll;lLI,_.TJII'|LI| Ay

Supl||||fructure‘/Referencel|||||le

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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It’s a good idea to rotate and see the isometric view in the schematic to be sure that the girders are sitting on the pier.

3D Schematic — 0O x
EEE,&-@QU"EM W

41

Superstructure Reference Line

The description of the pier is complete.
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Superstructure Loads

For bridges with reinforced concrete slab system superstructure, horizontal loads are applied as distributed loads on

pier cap or top of wall. The figure below shows the axis convention that is used for the superstructure and pier axes.

) . /—Fier longitudinal axis
Superstructure transverse axis —» :

I
I
I
I
| Superstructure reference line

Pier transverse axis —» .

Superstructure longitudinal axis

~ Stations Ahead
~ L
I Pier Skew Angle
Back Span | Ahead Span

K AN

Positive | Negative

Please note that the user does not have to open any of the Load windows to do a pier analysis or specification check.
The following will be a review of each window as part of this training exercise, but the user can always initiate a pier
analysis and specification check directly for the ribbon without ever opening these Load windows. BrDR will compute

the loads as part of the analysis and specification check.
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Load Palette

Click on the Load Palette button from the Analysis group of the SUBSTRUCTURE DESIGN ribbon and make

selections as shown below.

™ Load Palatte — O *
Use Input Override Use Input Cwerride
defined defined

DC v EH Active NA
DwW v EH At-Rest NA

LL v
PL v
U P
BR X G NA
cT NA SH X
WA J CR (] NA
Ws v SE NA
WL v FR X
cv NA
Select all Clear all Open template  Sawve template oK Cancel

Superstructure Loads
Open the Superstructure Loads window.

Workspace — 0 X

Bridge Companents
- M RCTrainingBridge1
& B Com ponents
- [ Diaphragm Definitions
- [P Lateral Bracing Definitions
- MFFLRFD Multiple Presence Factors
- EC Environmental Conditions

- OF Design Parameters
= [ SUPERSTRUCTURE DEFINITIONS
- b Structure Definition #1
- brrf Schedule Based RC Structure
- b RC Slab System
= &) BRIDGE ALTERNATIVES
G- My Bridge Alternative #1 (E) ()
= M RC Slab System Alt
-- [ SUPERSTRUCTURES

- 44 Stiffness Analysis
=- 5 PIERS
=TT Pier 1
B |3 PIER ALTERNATIVES
B TT 2-Column Frame (E) (C)
1 Default Materials

ﬁGeometry
- WP Cap
- [ COLUMNS
- gy Superstructure Loads
=3 Superstructure Environmental Loads
1 Substructure Loads
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The first thing that appears is the following dialog.

™ Superstructure load generation progress

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

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

Info: Braking forces computed successtully!

Analysis completed!

BrDR computes some of the superstructure loads on the pier for the user 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 for the user. Click OK to close this window.

The figure below shows the BR tab of the Superstructure Loads window which displays the BrDR computed

superstructure braking loads or enter user defined superstructure braking loads. Please note that the braking load is

divided by number of slab strips by strip width, and is applied as a distributed load to pier cap.

Back span

Span no:

Superstructure definition: RC Slab System

Input

AASHTO LRFD spec article 3.6.4 braking force

Longitudinal load distribution option:

Back superstructure length:

Number of lanes in same direction: 1

Loads

Display

Q computed

Use override values

Back span

Num, lz

Num, lz

Num. |z

Compute DL reactions

BR
P ke

Override

1 12 08

Superstructure longitudinal force
(kip/ft)

Superstructure transverse force
(kip/ft)

Vertical reaction due to transverse force
(kip/ft)

Compute LL reactions

Ahead span

Span no.
" Pier skew:

Superstructure definition: RC Slab System

oK Apply Cancel

The Calcs button will open a report detailing the calculations BrDR performed to compute the friction forces.
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Navigate to the DL tab of this window. The Compute DL reactions button will launch a batch superstructure analysis.

The friction forces are not available for the piers supporting reinforced concrete slab system superstructure.

M Superstructure Loads-Pier 1-2-Column Frame - a X
Back span Ahead span
Span no. Span no.
Pier skew:
Superstructure definition:  RC Slab System Superstructure definition: RC Slab System

DL LL settings LL-reaction LL-distnibution BR

Computed reactions

Results timestamp:

Continuous span

Computed reactions

(kip/ft)
DC load s1 52 s3
» | Non-composite (Stage 1) 109635417 84375 109635417
Composite (long term) (Stage 2)
Total 109635417 84375| 109635417

Computed reactions
(kip/ft)
DW load 51 52 53

~

Non-composite (Stage 1)
Composite (long term) (Stage 2)

Total

Override reactions

Use overide values
Continuous span
Owerride reactions
(kip/ft)
S1 52 53
» | DC
ow

Compute DL reactions Compute LL reactions

Apply Cancel

The Override Reactions grid permits to enter user-defined override values for the dead 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.
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Navigate to the LL-reaction tab. The Compute LL Reactions button will initiate a longitudinal live load analysis of

the superstructure carried by the pier.

M Superstructure Loads-Pier 1-2-Column Frame - a X
Back span Ahead span
Span no. Span no.
Pier skew:
Superstructure definition:  RC Slab System Superstructure definition: RC Slab System
DL LL settings LL-reaction LL-distnibution BR

Computed reactions

Result timestamp:

Single lane
Vehicle Vehicle type reaction
(kip)

HL-93 (US) | Axle Load 62.9128889

HL-93 (US) | Truck Pair 55.912
HL-93 (US) | Lane 23.952
HL-93 (US) | Tandem 49.5166667

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 ribbon
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 displays the BrDR computed live load reactions distributed for a pier analysis or enter
distributed live load reactions.

M Superstructure Loads-Pier 1-2-Column Frame - a X
Back span Ahead span
Span no.: Span no.:
i e Pier skew:
Superstructure definition: RC Slab System Superstructure definition: RC Slab System
DL LL settings LL-reaction LL-distnibution BR
. o 2 M
Distribution method E"”” g 2,79;
o Tributary area w[ l 1
Lever rule
10ane
Rigid deck action w= (Reaction - F]
Loads
Display
o Computed Override Use override values COverride...
Without dynamic load allowance
Single lane | Axleload = Uniform
Vehicle Vehicle type reaction load P load w
(kip) (kip) (kip/ft)
HL-93 (US) | Truck + Lane £6.8648889 32 54864889
HL-93 (US) | Tandem + Lane 73.4686667 25 48468667
HL-93 (US) | 90%(Truck Pair + Lane) 718776 288 430776
With dynamic lead allowance
) Weighted Slng\e_lane Axle load Uniform
Vehicle Vehicle type DLA (%) reaction load P load w
(kip) {kip) (kip/ft)
HL-93 (US) | Truck + Lane 23.90063 | 107.6261422 | 39.6482007 | 6.7977941
HL-93 (US) | Tandem + Lane 2224145 | 89.8091667 | 305603636 | 59248803
HL-93 (US) | 90%(Truck Pair + Lane) | 23.10298 88483464 | 354536568 | 53020807
Compute DL reactions Compute LL reactions
OK Apply Cancel

Click OK to close this window.
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Superstructure Environmental Loads

Open the Superstructure Environmental Loads window.

Workspace — O X

Bridge Components

= M RCTrainingBridge1
#- [ Components
[ Diaphragm Definitions
[ Lateral Bracing Definitions
MFFLRFD Multiple Presence Factors
EC Environmental Conditions
= OF Design Parameters
- & SUPERSTRUCTURE DEFINITIONS
-« b Structure Definition #1
-~ b Schedule Based RC Structure
+ b RC Slak System
= &3 BRIDGE ALTERNATIVES

&¢I Bridge Alternative #1 (E) (C)

= ¢y RC Slab System Alt
- [ SUPERSTRUCTURES
= Stiffness Analysis
- &3 PIERS

B TT Pier 1
B i=) PIER ALTERMATIVES
=TT 2-Column Frame (£} (C)
~ &I Default Materials
: ﬁﬁecmetrj.r
- W Cap
& [ COLUMNS
- oy Superstructure Loads

EE’Superstructure Environmental Loads
----- 4 Substructure Loads

Last Modified: 3/5/2024 54



RC Pier Supporting Slab System Example

The Superstructure Environmental Loads window shows the following data:

Back span Ahead span Pier skew:

Span no.: Span no.: ‘Wind load basis

Superstructure definition: RC Slab System Superstructure definition: RC Slab System

W5-super WS5-over WL U SH

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, ZC:
Superstructure design elevation: Base design wind velocity, VB:
Design height, Z: V30:
Override design height, Z ft
Loads for wind frem left to right

Display

0 Computed Overnde Use override values Cvemide.. Cales..

Superstructure longitudinal force (kip)

Wind
skew angle 51 52 53
(Degrees)
0 04 0.25 0.4
15 024444441 01327778 0.2444444
30 02277778 | 01423611 0.2277778
435 01833333 | 01145833 | 0.1833333
60 00944444 00590278 0.0944444
Superstructure transverse force (kip) Vertical Reaction due to transverse (kip)
Wind Wind
skew angle s1 52 3 skew angle 81 52 52
(Degrees) (Degrees)
0 1] 0 0 0 0.1282052 0| -0.12820...
15 -0.03333...| -0.02083..| -0.03333.. 15 0.0783476 0| -0.07834..
30 -0.06666...| -0.04166... -0.06666... 30 0.0730057 0| -0.07300..
45 -0.08888...| -0.05555...| -0.08888... 45 0.0587607 0| -0.05876...
60 -0.10555...| -0.06597...| -0.10555... 60 0.0302707 0| -0.03027...
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 lets the user override some of this data. The bottom of the screen displays loads on the
superstructure members for wind blowing from left to right. The user can specify which direction the wind should
blow in the actual pier finite element analysis in the Load Combination Settings window which will be discussed
later in this tutorial.
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The overturning wind on superstructure load window is shown below.

M Superstructure Environmental Loads - Pier 1 - 2-Column Frame

Back span Ahead span

Span no. Span no.:

Superstructure definition:  RC Slab System

WS-super WS-over WL T SH

Input

AASHTO LRFD sec article 3.8.2 vertical wind pressure
Transverse superstructure length:

Deack Width:

Vertical upward wind pressure: oz kst

Loads for wind from left to right
Display

o Computed Override Use override values Ouerride.. el

Cwerturning force:

Vertical reaction due to
overtruning force
(kip)
51 52 &5

14676926 045 -0.0276926

Compute

Superstructure definition:

RC Slab System

Pier skew:

‘Wind load basis

oK

Apply

Cancel
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The wind on live load tab is shown below.

M Superstructure Environmental Loads - Pier 1 - 2-Column Frame - O

Back span Ahead span Pier skew: 0 Deg

Span no.: Span no. 2 Wind load basis

Superstructure definition:  RC Slab System Superstructure definition: RC Slab System Sust s Fa

WS-super WS5-over WL T SH
Input
AASHTO LRFD Spec Article 3.8.1.3 Wind presuure on vehicles
Transverse load distribution option:  Fixed & Expansion B e Wt T
- e ks

Loads for wind from left to right

Display
o Computed Override Use override values Override... Cales.
Superstructure longitudinal force (kip)
Wind

skew angle 51 52 53

(Degrees)
0 01333333 | 00832333 0.1333333
15 01173333 | 00733333 0.1173333
30 01093333 | 0.0683333 | 0.1093333
45 0.088 0055 0.088
60 0.0453333 | 00283333 | 0.0453333

Superstructure transverse force (kip) Vertical reaction due to transverse force (kip)
Wind Wind

skew angle 51 52 53 skew angle 51 52 53

(Degrees) (Degrees)
0 0 1] 0 0 0.1538462 0| -0.15384...
15 -0.016 -0.01 -0.016 15 0.1353847 0| -0.13538...
30 -0.032 -0.02 -0.032 30 0.1261539 0| -0.12615...
45 -0.04266... | -0.02666... -0.04266... 45 0.1015385 0| -0.10153...
60 -0.05066... | -0.03166...| -0.05066... 60 00523077 0| -0.05230...

Compute
oK Apply Cancel

Last Modified: 3/5/2024 57



RC Pier Supporting Slab System Example

The superstructure temperature load tab is shown below.

M Superstructure Environmental Loads - Pier 1 - 2-Column Frame

Back span Ahead span
Span no. Span no.:
Superstructure definition:

RC Slab System Superstructure definition:  RC Slab System
WS5-super WS5-over WL U SH

Input

AASHTO LRFD spec article 3.12.2 uniform temperature
Application type
Temperature rise:

Temperature fall:

Unable to compute temperature change.
Loads

Temperature rise force: 100

kip
Temperature fall force: 100 kip
Superstructure longitudinal force
(kip)
51 52 53
» :Rise 03703704 | 02314815 03703704
Fall | 03703704 0.2314815| 03703704

Compute

Pier skew:

oK

‘Wind load basis

Apply

Cancel

BrDR does not compute the superstructure temperature load. Values for these loads must be entered manually.

Last Modified: 3/5/2024 58




RC Pier Supporting Slab System Example

The superstructure shrinkage tab is shown below.

M Superstructure Environmental Loads - Pier 1 - 2-Column Frame

O
Back span Ahead span Pier skew:
Span no.: Span no.: ‘Wind load basis
Superstructure definition: RC Slab System Superstructure definition: RC Slab System
WS5-super WS5-over WL T SH
Input
AASHTO LRFD spec article 3.12 shrinkage
Application type
Loads
Shrinkage force: 100 kip
Superstructure longitudinal force
(kip)
51 52 53
33.3333333 | 333333333 | 333333333
Compute
oK Apply Cancel

BrDR does not compute the superstructure shrinkage load. Values for these loads must be entered manually.
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Substructure Loads

Open the Substructure Loads window.

Workspace — O X

Bridge Components

= M RCTrainingBridge1
#- [ Components
[ Diaphragm Definitions
[ Lateral Bracing Definitions
MFFLRFD Multiple Presence Factors
EC Environmental Conditions
= OF Design Parameters
- & SUPERSTRUCTURE DEFINITIONS
-« b Structure Definition #1
-~ b Schedule Based RC Structure
+ b RC Slak System
= &3 BRIDGE ALTERNATIVES

&¢I Bridge Alternative #1 (E) (C)

= ¢y RC Slab System Alt
- [ SUPERSTRUCTURES
= Stiffness Analysis
- &3 PIERS

B TT Pier 1
B i=) PIER ALTERMATIVES
=TT 2-Column Frame (£} (C)
~ &I Default Materials
T Geometry
- W Cap
& [ COLUMNS
- oy Superstructure Loads

- Superstructure Environmental Loads
----- 1 Substructure Loads
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The Substructure Loads window shows the following data:

D Substructure Loads - Pier 1 - 2-Column Frame

Back span Ahead span

Span no: 1 Span ne:

Superstructure definition: RC Slab System

WS-Sub | TU&SH

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

Base wind pressure: 004 kst Friction velocity, VO:
Top of cap levation: Friction length, ZO:

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

Compute

Superstructure definition:

2

RC Slab System

Ground elevation: v30:
Loads for wind from left te right
Display Override.
O Computed | Cuerride Use override values
Calcs..
Design .
Component | height )
zi
Cap 004
Column1 004
Column2 004
Wind skew Wind skew Wind skew Wind skew Wind skew
angle (deg) angle (deg) angle (deg) angle (deg) angle (deg)
Component 0 15 30 45 60
D PD PD PD PD PD PD PD PD FD
long. | tren. | long. | tran. | long. | ten. | long. | tran. | long. = tran,
(ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf)
Cap 004 0| 0038..| -00%.| 0034. -002| 0026..| -002. 002 -003..
Columni 004 0| 0038..| -00.| 0034. -002) 0026..| -002. 002 -003..
Columnz 004 0| 0038..| -00.| 0034. -002) 0026..| -002. 002 -003..

Pier skew:

‘Wind load basis

Apply

Cancel
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The substructure temperature and shrinkage tab is shown below.

D Substructure Loads - Pier 1 - 2-Column Frame

Back span
Span no: 1

Superstructure definition: RC Slab System

Ws-Sub  TU&SH

Input

AASHTO LRFD Spec Article 3.12.2 Uniform Temperature
D Apply to foundation
Temperature rise:

Temperature fall:

Loads
Display

O computed | Overrie Use override values

Uniform Temperature

Strain dueto  Strain due to

EmpmE | s s temp. fall

Ccap 0.00048 6E-05

Column1 0.00048 6E-05

Column2 0.00048 6E-05
Shrinkage

Component | Axial strain
Cap
Column1

Column2

Compute

Ahead span
Span ne: 2

Superstructure definition: RC Slab System

AASHTO LRFD Spec Article 3.12.2 Shrinkage

Apply to foundation

Cosflicient of shrinkage:

Override...

Pier skew:

‘Wind load basis

Apply

Calcs...

Calcs...

Cancel

Click OK to close the window.
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Pier Analysis

Select the loads to be included in our analysis. With the focus on the Pier Alternative 2-Column Frame, open the

Load Combination window from the right-click menu or from the BrDR Substructure ribbon.

[ m Bridge Workspace - RCTrainingBridge ANALYSIS SUBSTRUCTURE REPORTS 7 — O
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
= 1 L 2 Z =1 - E
T | E | « ¥ E - J
Preliminary Generate Load Load Analyze  Specification | Tabular Engine 3D
hd Model |Combinations|Palette Substructure Check Results Outputs Schematic
Analysis Results

This window allows the user to specify the load conditions to be considered when BrDR performs the pier analysis.

Use the following default selections.

M Load Combination Settings - 2-Colurnn Frame — O X
LRFD substructure design settings: LRFD factors:
Chosen limit states Settings
Water levels Wind direction Additional combination
Low Left to right Check overall stabi
Mean Right to left Check for deforma
Design flood
Check flood
Temperature change Wind angles
Rise 0 degrees
Fall 15 degrees
30 degrees
45 degrees
60 degrees
Consider simplified wind loading Open template... Save termn
0K Apply Cancel
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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 the Load Palette button.

o | Bridge Workspace - RCTrainingBridge1 ANALYSIS  SUBSTRUCTURE  REPORTS ? - O *
BRIDGE WORKSPACE ~ WORKSPACE  TOOLS  VIEW  DESIGN/RATE DESIGN REPORTING
T b [ = 1 B % Jo
Preliminary Generate  Load Analyze  Specification | Tabular Engine 3D
v Model Combinations|Palette [Substructure ~ Check | Results Outputs Schematic
Analysis Results
T Load Palatte — O x
Use Input Override Use Input Crerride
defined defined
DC v EH Active NA
DW v EH At-Rest NA
LL v
PL v
TU X
L v TG NA
CT Ed MA SH
wa e CR MA
ws [ v SE NA
wi (& v FR X
cv NA
Select all Clear all Open template Save template L --------- DK --------- -‘ Cancel

The Load Palette can be very useful for evaluating individual load types on the pier and when minimizing the time

required for analysis is needed.
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If the Use box is not checked for a load type, the load type will not be included in the pier analysis nor in the load

combinations computed by BrDR. Results for the limit states which 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 pier.

The pier can be analyzed by selecting the name of the pier alternative in the bridge workspace tree and clicking the

Analyze Substructure button.

E Bridge Workspace - RCTrainingBridge ANALYSIS SUBSTRUCTURE REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGM/RATE DESIGN REPORTING
EE & —s —
o B By e | = ﬂ ] g
Preliminary Generate Load Load Analyze |Specification | Tabular Engine
hd Model Combinations Palette |Substructure |  Check Results COutputs
Analysis Results
M Substructure analysis progress X
FEA - Impating nimte element analysis... -
FEA - Building model...
FEA - Creating nodes...
FEA - Creating elements...
FEA - Creating support constraints...
FEA - Adding load cases...
FEA - Verifying finite element model...
FEA - Preparing linear solution...
FEA - Performing linear solution...
FEA - Analysisis started...
FEA - Analysis is approximately 10 percent complete (less than a minute remaining )...
FEA - Analysis is approximately 24 percent complete (less than a minute remaining )...
FEA - Analysis is approximately 93 percent complete (less than a minute remaining )...
FEA - Analysis is approximately 43 percent complete (less than a minute remaining )...
FEA - Analysis is approximately 52 percent complete (less than a minute remaining )...
FEA - Analysis is approximately 62 percent complete (less than a minute remaining )...
FEA - Analysis is approximately 71 percent complete (less than a minute remaining )...
FEA - Analysisis approximately 81 percent complete (less than a minute remaining )...
FEA - Analysis is approximately go percent complete (less than a minute remaining )...
FEA - Analysis is approximately 100 percent complete (less than a minute remaining )...
FEA - Successful finite element analysis...
Info: Generating LRFD Combinations...
Begin scan of live load analysis results for critical load cases...
Finished scanning...
Scanning routine reduced LL cases from 12 to 12.
Info: Processing STRENGTH-I
Info: Finished generating g6 LRFD combinations...
Substructure analysis completed
Analysis completed!
A
4 [
Print QK

J
D
Schematic

If the pier was analyzed successfully, the Analysis completed! message will be displayed in the Substructure

Analysis Progress window.
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Specification Checking

Now that the loads have been selected, analyze the pier and do a specification check.

Select Spec Check button.

: I Bridge Workspace - RCTrainingBridge ANALYSIS SUBSTRUCTURE REPORTS ? = (]
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
I_l.';.ll_l ’ 3 E E - =
& 574 e - A= 3 - Vo I“
Preliminary Generate Load Load Analyze |Specification| Tabular Engine D
4 Model Combinations Palette Substructure Check Results Outputs Schematic
Analysis Results

The Validation window will appear to alert the user to any missing data. Click the Continue spec check button to

continue with the specification check.

The Substructure Analysis Progress dialog will open as shown below. The FE analysis of the pier will occur first

followed by the specification check of the pier.

M Substructure analysis progress *

- Location - b.1481 (IT) a
- Location - 1.8212 (ft)
- Location - 7.3256 (ft)
- Location - 24.96g4 (ft)
- Location - 20.8519 (ft)
- Component 2 of 5 - Columni
- Location - o.cooo0 (ft)
- Location - 15.0000 (ft)
- Component 3 of 5 - Columns2
- Location - o.cooo0 (ft)
- Location - 15.0000 (ft)
- Component 4 of 5 - Columna:io x 10 Fig
- 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 5 of 5 - Column=:10 x 10 Ftg
- 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
Completed Specification Check.
Writing Specification Check results.
Completed.

Substructure specification check successfully completed!
Analysis completed!

Print oK
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The specification checks can be viewed by selecting the Spec Check Detail button.

E] Bridge Workspace - RCTrainingBridge AMALYSIS SUBSTRUCTURE REPORTS

2 —
BRIDGE WCRKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE DESIGN REPORTING
SiyE = I >
> G { B
& bz B & < : =
relimina enerate o0a o nalyze ecification | Tabular| Specification | Engine
Prel ry G 1 Load Load Analy Specificat Tabular| Specificati Eng Eln
A Model Combinations Palette Substructure Check Results| Check Detail Outputs Schematic
Analysis Results
M Specification Checks for 2-Column Frame - 303 of 423 - m} x
Articles
"
\/;j P_D All articles
Properties Generate Format
Bullet list 4
Specification filter Report
4 |_| Pier Component Specification reference Limit State Flex. Sense Pass/Fail o
4y Cap +’ 5.10.8 Shrinkage and Temperature Reinforcement N/A Passed
4000 ft. B 5.4.25 Poisson's Ratio N/A General Cor
182 f B 5.4.2.6 Modulus of Rupture N/A General Cor
1200 ft. B 5.5.4.2 Strength Limit State - Resistance Factors N/A General Cor
232t B 5.7.2.2 Rectangular Stress Distribution N/A General Cor
2514 +" 5.7.3.2 Flexural Resistance (Reinforced Concrets) N/A Passed
13301 +* 5.7.3.3.2 Minimum Reinforcement N/A Passed
375 f MA& 5.7.3.4 Control of Cracking by Distribution of Reinforcement N/A Not Require
uj:; : + 5.7.34(z) Longitudinal Skin Reinforcement N/A Passed
- 5‘00 ftl v/ 5.8.2.1 Torsion N/A Passed
E 5‘15 ftl B Cracked_Moment_of _Inertia Section Property Calculations Positive Flexure  General Cor
|_|_""33 ftl B Cracked_Moment_of Inertia Section Property Calculations Negative Flexure General Cor
11350 ft B 5.5.4.2 Strength Limit State - Resistance Factors N/A General Cor
B 5.7.2.2 Rectangular Stress Distribution N/A General Cor
112085 ft
12200 . +" 5.7.3.2 Flexural Resistance (Reinforced Concrete) N/A Passed
+ 5.8.2.5 Minimum Transverse Reinforcement N/A Passed
42232 ft.
12253t v/ 5.8.2.7 Maximum Spacing of Transverse Reinforcement N/A Passed
12325 ft. +" 5.8.3.3 Nominal Shear Resistance N/A Passed
23.50 ft. B 5.234 Procedures for Determining Shear Resistance N/A General Cor
= 9
12449 ft. + 5.8.3.5 Longitudinal Reinforcement N/A Passed
|| 24,68 ft. +" 5.10.8 Shrinkage and Temperature Reinforcement N/A Passed
112497 ft. B 5.4.2.5 Poisson's Ratio N/A General Cor
112500 ft. B 5.4.26 Modulus of Rupture N/A General Cor
|—127.00 ft. B 5.5.4.2 Strength Limit State - Resistance Factors N/A General Cor
» |1 Column1 B 5.7.2.2 Rectangular Stress Distribution N/A General Cor
* |21 Column2 " 5.7.3.2 Flexural Resistance (Reinforced Concrete) N/A Passed
* (24 Column1:10x 10 Fig + 5.7.3.3.2 Minimum Reinforcement N/A Passed
* [ Column2:10 x 10 Fig MA& 5.7.34 Control of Cracking by Distribution of Reinforcement N/A Not Require
" 5.7.34(z) Longitudinal Skin Reinforcement N/A Passed
9!
# OV Tl nira [ — -
»

Double click on the article 5.7.3.2 Flexural Resistance (Reinforced Concrete) for Cap at location 0.00 ft
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ﬂ Spec Check Detail for 3.7.3.2 Flexural Resistance (Reinforced Concrete) — ]

5 Concrete Scructures

5.7 Material Properties

5.7.3 Flexural Members

5.7.3.2 Flexural Resistance

{AASHTO LEFD Bridge Design Specifications, Fifth Edition - 2010, with 2010 interims)

Pier Cap Section - At Location = 0.0000 (ft) - Right

Cross Section Properties

Depth =  36.00(in)
Width =  48.00(in)

Brea = 1728.00(in~2)

Flexural Reinforcement

s Dist. From
Bottom
(in~2) {in)

f'c = 4.00 k=i

Note: If the capacity has been overridden, the Resistance is computed as override phi*override capacity.
Otherwise the Resistance is computed a3 per the Specification.

-- Override — Mr= Ly

Limit State Load Mu Fhi Mn Phi Mn Phi * Mn Mr/Mu Depth ic

Combinaticn kip-ft kip-ft kip-ft kip-ft in in~2
STR-I 1 0.00 0.750 ¢.00 - 0.00 $9.00 0.01 0.00
STR-I 1 0.00 0.750 ¢.00 — - 0.00 $9.00 0.01 0.00
R11 2 load cases evaluated passed (Capacity ratio »>= 1.0)
a4

oK
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