AASHTOWare Bridge Rating Training — RC Pier Supporting Slab System Example

AASHTOWare Bridge Rating Training
RC Pier Supporting Slab System Example (BrD 6.7)

Topics Covered

e Reinforced concrete slab input as slab system.

e Schedule-based input

e RCslab 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 BrD V670.

Superstructure

Open the bridge BID 11 “RCTrainingBridgel” in the sample database. Double click on
SUPERSTRUCTURE DEFINITIONS (or click on SUPERSTRUCTURE DEFINITIONS and select File/New
from the menu or right click on SUPERSTRUCTURE DEFINITIONS and select New from the popup
menu) to create a new structure definition.

Bridge Workspace - RCTrainingBridgel El@
= M RCTrainingBridgel

H-- [0 Materials

- [ Beam Shapes

[ (] Appurtenances

....... [[1 Diaphragm Definitions

....... ([ Lateral Bracing Definitions

------- j Impact / Dynamic Load Allowance

------- MFF LRFD Multiple Presence Factors

[ [ Factors

------- [C LRFD Substructure Design Settings

....... Ec Environmental Conditions

....... OF  [Design Parameters

e | SUPERSTRUCTURE DEFIMNITIONS

i (] BRIDGE ALTERNATIVES
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Select “Reinforced Concrete Slab System Superstructure”, and click “OK” button.

Mew Superstructure Definition @

1 Girder System Superstructure

~) Girder Line Superstucture Superztructure D efinition Yizard
_ Floor Spstem Superstructure

_! Floor Line Superstructure

0 Truzs System Superstructure

) Truzz Line Superstiuctune

@) Reinforced Concrete Slab System Superstructure

) Concrete Multi-Cell Box Superstructure

[ Ok, ] I LCancel

Enter the following description data in the Superstructure Definition window.

M RC Slab System Superstructure Definition EI@

Disfirition | snalysis | Specs | Engine|

Wame: RC Slab System

Dezcription: -

Default Upits: Enter Span Lengths
Along the Reference

Mumber of spans: 2 = Lire:
Murmber of slab stips: 3 = = Le(l;tg}th

1 30.00

2 30.00 Member 4l Types
Steel
P/

R/C

Timber

Slab Structure Type
) Frame structure simplified definition
~) Slab integral with pier

@ Slab nat integral with pier

[] Contaire woids

Click on Ok to save the data to memory and close the window.
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We now go back to the BRIDGE ALTERNATIVES and create a new bridge alternative.

Bridge Workspace - RCTrainingBridgel E@
2 M RCTrainingBridgel

- [L Materials

- [ Beam Shapes

- [ Appurtenances

....... (L1 Diaphragm Definitions

------- ([ Lateral Bracing Definitions

------- j Impact / Dynamic Load Allowance

------- HFF | RFD Multiple Presence Factors

- [ Factors

------- [C3 LRFD Substructure Design Settings

....... EC Envircnmental Conditions

------- OF  Design Parameters
- [CJ SUPERSTRUCTURE DEFIMNITIOMS

=B | BRIDGE ALTERMATIVES

Enter the following description data in the Bridge Alternative window.

-

™ Bridge Alternative E@

Alternative Mame: R Slab System Alt

Descrption | Substructures

Descrption; -

["] Harizontal curvature Global Positioning

Reference Line Length = B0.00 ft Digtance = 0.000 ft
@ Statbearing () End bearing Dffzet = 0.000 it
Starting Station = 0.00 it Elevation = i
Bearng= MW 90"0'0.00"E
Bridge Alignment
@ Curved Start tangent length: ft
Tangent, curved, tangent Curve length: ft
Tangent, curved
R adius: ft
Curved, tangent
Direction: Left

End tangent length: ft

Superstructure
Wizard...

ok ] [ Apply ] [ Cahcel
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Go to the Substructures tab and define the substructure information as follows.

-

™ Bridge Alternative

-G S

Alternative Mame:

Substructures

RC Slab Spztern Alt

e

Su h;tru cture Station Offzet Unit Type
Unit Name (ft) (ft)
Abutment 1 0.000 0.000 | Abutment ||
Pier 1 30.000 0.000 | Pier [l
Abutment 2 60.000 0.000 | Abutment =] -

Double click on SUPERSTRUCTURES to create a new superstructure.

ra

Bridge Workspace - RCTrainingBridgel
= M RCTrainingBridgel
[ [ Materials
- [_] Beam Shapes
- [ Appurtenances
....... ([ Diaphragm Definitions
....... [ Lateral Bracing Definitions
------- j Impact / Dynarnic Load Allowance
------- MFF L RFD Multiple Presence Factors
- [_] Factors
------- (L1 LRFD Substructure Design Settings
------- EC Environmental Conditions
....... oF  Design Parameters
- [ SUPERSTRUCTURE DEFIMITIONS
= [ BRIDGE ALTERMATIVES
----- {M Eridge Alternative #1 (E) ()
2 M RC Slab Systemn Alt
----- B SUpersTRUCTURES
....... T Stiffness Analysis
..... (] PIERS

[= ][O e
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Enter the following description data in the Superstructure window.

g

™ Superstructure

[= ][O )

»

Superstructure Mame:

Select the substructure supports;

Support Sugﬁg;;t_';re
1 Abutment 1 | =]
Pier 1 hd
3 |Abutment2 =

Description | Alternatives | Yehicle Path I Engine| Substructures

m

Double click on SUPERSTRUCTURE ALTERNATIVES to create a new superstructure alternative.

The partially expanded Bridge Workspace tree is shown below.

g

Bridge Workspace - RCTrainingBridgel

-

(= ][E s

Y RCrrsiningBdoet

- [C3 Materials

- [ Beam Shapes

E- [E3 Appurtenances

[[1] Diaphragm Definitions

([ Lateral Bracing Definitions

=1 Impact / Dynamic Load Allowance
MFF LRFD Multiple Presence Factors
- [_J Factors

([ LRFD Substructure Design Settings
EC Envircnmental Conditions

OF  Design Parameters
- [ SUPERSTRUCTURE DEFINITIONS

----- bk Structure Definition #1
----- b Schedule Based RC Structure
..... b RC Slab Systemn

= [ BRIDGE ALTERMATIVES

..... #Iy Bridge Alternative #1 (E) (C)
2 M RC Slab System
El ..... (L3 SUPERSTRUCTURES
EI ..... T Superstructure 1l
=
....... T Stiffness Analysis
..... (L7 PIERS

[C1 SUPERSTRUCTURE ALTERMATIVES
=T Alt1 (E) (C) (RC Slab Systern)
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Let’s go back to superstructure definition. Open the Load Case Description window in the Bridge
Workspace tree to define the load cases.

g

Bridge Workspace - RCTrainingBridgel

-

[= ][O )

E .....

#My RCTrainingBridgel

He L Materials

- [ Beam Shapes

He- L Appurtenances

....... (L1 Diaphragm Definitions

....... (L1 Lateral Bracing Definitions

------- j Impact / Dynamic Load Allowance
------- MFF LRFD Multiple Presence Factors
[#-- [ Factors

------- (L1 LRFD Substructure Design Settings
....... EC Envirenmental Conditions

....... OF  [Design Parameters

=4 [£3 SUPERSTRUCTURE DEFIMITIOMNS
..... b Structure Definition #1

..... b Schedule Based RC Structure
S b RC Slab System

....... il Load Case Description

------- &F Framing Plan Detail

....... i Structure Typical Section
....... = Superstructure Loads
....... (L1 Bar Mark Definitions
[ D MEMBERS

M- [ BRIDGE ALTERMATIVES

------- j Impact / Dynamic Load Allowance

The completed Load Case Description window is shown below.

g

™ Load Case Description

Load Caze Mamej Description Stage

Type

Time*
(Days)

Parapets

Parapets |Mon-composite (Stage 1) = ||DDC
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Open the Framing Plan Detail window in the Bridge Workspace tree to define the skew angles
and strip spacing.

Bridge Workspace - RCTrainingBridgel E@
= 4y RCTrainingBridgel

|4f.| (L] Materials
m ----- (L] Beam Shapes
- (L] Appurtenances
b [_] Diaphragm Definitions
....... [_] Lateral Bracing Definitions
—1 Impact / Dynamic Load Allowance
- HMFF LRFD Multiple Presence Factors
..... (L] Factors
------- [_] LRFD Substructure Design Settings
ES Environmental Conditions
L DF Design Parameters
|:| ..... (L] SUPERSTRUCTURE DEFINITIONS
i [ bf Structure Definition #1

I:I ..... ke Schedule Based RC Structure

- trf RC Slab System

------- _'% Impact / Dynamic Load Allowance

- -t | pad Case Description
-4 Framing Plan Detail
i Structure Typical Section
" Superstructure Loads
------- (L1 Bar Mark Definitions
[+ [_] MEMBERS
G- (] BRIDGE ALTERNATIVES
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The completed Framing Plan Detail window is shown below.

-

&M Structure Framing Plan Details

Layout

Muriber of spans = | 2

Murnber of strips = | 3

Strip Spacing Orientation
@ Perpendicular to strip
Support [Di;::es} () Alokg support
1 0.0000
0.0000
3 0.0000 CL Strip Spacing|
Strip ({1}
Bay | start of| End of
Strip | _Strip
1 575 8975
2 975 975

4

T

m

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

Bridge Workspace - RCTrainingBridgel

=8 [EoR (==

[l

e M RCTrainingBridgel

(L] Materials
(L1 Beam Shapes
(L] Appurtenances
[__] Diaphragm Definitions
[_] Lateral Bracing Definitions
3 Impact / Dynamic Load Allowance
MFF LRFD Multiple Presence Factors
(L] Factors
[_1 LRFD Substructure Design Settings
EC Environmental Conditions
OF Design Parameters
(L] SUPERSTRUCTURE DEFINITIONS
[ brf Structure Definition 1
|i| ----- b Schedule Based RC Structure
= v RC Slab System
------- —1 Impact / Dynamic Load Allowance
------- T:,ﬁ- Load Case Description
. & Framing Plan Detail
L o Superstructure Loads
(L] Bar Mark Definitions
[#h- (1 MEMBERS
[l BRIDGE ALTERNATIVES
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Input the data describing the typical section as shown below.

Deck geometry:

M Structure Typical Section E\@

Distance from left edge of deck ta | Distance fram right edge of deck to

superstiucture definition ref. line |, superstucture definition ref. line
L_ Superstructure Definition
| Reference Line
! ' !
Half left | I Half right
strip wicth | CL Strip | CL Strip | strip width
— b

Deck | Deck [Cant'd] I Parapet I tedian I Railing I Generic I Sidewalk I Lane Pozition | Stiped Lanes | ‘Wearing Suiface

Superstructure definition reference line is | within w | the bridge deck.
Start End
Distance from |eft edge of deck to 12 Euar 13 ES
superstructure definition reference line = " ft " ft
Distance from righ_t g_dge of deck to 1350 f 13,50 f
superstiucture definition reference line = t t
Half left strip width= 373 it 375 it
Computed half right strip width = |3.75 it 375 it

Ok, ][ Apply ][ Cancel

Parapets:
The two parapets are described using the Parapet tab. The completed tab is shown below.

M Structure Typical Section = ol

Back. Frant

Deck | Deck [Cont'd) | Parapst | Median | Failing I Generic | Sidewalk. I Lane Position I Striped Lanes I wearing Surface

Edge of Deck Distance At Distance At Front Face
Name Load Case Measure To | Dist. Measured Start End Orientation
From (ft) (ft)
Jersey Barrier || Parapets | = | Back \=|LeftEdge || 0.00 0.00|Right |=|
Jersey Barrier || Parapets | = | Back = ||Right Edge || 0.00 0.00|Left [

Mew ] [ Duplicate

’ Delete

Last Modified: 8/11/2015 RC Pier Supporting Slab System - 9 AASHTOWare BrD 6.7




AASHTOWare Bridge Rating Training — RC Pier Supporting Slab System Example

Lane Positions:
Select the Lane Position tab. The Lane Position tab is populated as shown below.

&M Structure Typical Section

Lol ]

. 2]

L

Travelway 1

Travelway 2 _J

[B], — Superstructure Definition Reference Line

| Deck | Deck [Cant'd) I Parapet I Median | Railing I Generic I Sidewalkl Lane Position | Stiped Lanes I \Wearing Surfac:e|

Distance From Left Edge of | Distance From Right Edge of | Distance From Left Edge of | Distance From Right Edge of
Travelway Travelway to Superstructure | Travelway to Superstructure | Travelway to Superstructure | Travelway to Superstructure
Number Definition Reference Line Definition Reference Line Definition Reference Line Definition Reference Line
At Start (A) At Start (B) At End (A) AtEnd (B)
(ft) (ft) (ft) (ft)
1 -11.00 11.00 -11.00 11.00
LRFD Fatigue
Lanes available to tucks:
[] Owerride Truck fraction: ’ Mew ] ’ Duplicate ] [ Dielete ]
[ QK ] [ Apply ] [ Cancel ]
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Open the Bar Mark Definitions window in the Bridge Workspace tree to define a bar mark
definition for the reinforced concrete slab.

"

@ Eridge Workspace - RCTrainingBridgel

=N [EOR (%S

= M RCTrainingBridgel
|Jf,| (L] Materials
i (L] Beam Shapes
@ (L Appurtenances
i [ ] Diaphragm Definitions
peo | Lateral Bracing Definitions
—1 Impact / Dynamic Load Allowance
- MFF LRFD Multiple Presence Factors
; (L] Factors
wwo [ LRFD Substructure Design Settings
EC Environmental Conditions
L OF Design Parameters
|:| [C] SUPERSTRUCTURE DEFINITIONS
[l b Structure Definition #1
|i| ..... b Schedule Based RC Structure
& e RC Slab System
------- — Impact / Dynamic Load Allowance

. gk Load Case Description
v A Framing Plan Detail
i Structure Typical Section
L 2 Superstructure Loads
;. ik et
[#-- (] MEMBERS
i (L BRIDGE ALTERNATIVES
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The bar mark definitions are used to describe a schedule of flexural reinforcement in the Strip
Profile: Reinforcement tab. The completed tab is shown below.

£ Bar Mark Definition

[o [ @ )

Nare:  Twpe |

b aterial: | Grade B0

- |

Bar Types:

&

Type: Straight

Bar zize: (9 -

B ar type: | Type 1

h |

Dirmenzion

g = E0.0000

| Hook at start

ft

| Hook at end
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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.

Ericlge Workspace - RCTrainingBridgel o[ B [
B .,ﬂ; RCTrainingBridgel
|J;f| ----- (] Materials

-~ (] Beam Shapes

- (L0 Appurtenances

- (] Diaphragm Definitions

....... [ Lateral Bracing Definitions

—1 Impact / Dynamic Load Allowance

L MFF LRFD Multiple Presence Factors

|¢| ----- (L] Factors

i (] LRFD Substructure Design Settings

------- EC Environmental Conditions

OF Design Parameters

= (L SUPERSTRUCTURE DEFINITIONS

¢ [# bprf Structure Definition £1

@ ..... b Schedule Based RC Structure
i1 beef RC Slab System

I Impact / Dynamic Load Allowance
....... 2 Load Case Description
v &5 Framing Plan Detail
: i Structure Typical Section
o gy Superstructure Loads
- (L1 Bar Mark Definitions
= [ MEMBERS

e IE

o T S3(s1)
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No changes are required at this time. The first Member Alternative that we create will
automatically be assigned as the Existing and Current Member alternative for this Member.

M Member

(=] )

Drezcriphion:

Member name: 51

Lirik. with:

MHone

Existing | Current| Member Atternative Name | Description |

Mumber of spans: |2

Span Span
Mo. Length
(ft)
1 30.00
2 30.00

1]:8

] [ Apply ] [ Cancel
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Defining a Member Alternative:
Double click on MEMBER ALTERNATIVES in the tree to create a new member alternative.

%) Bridge Workspace - RCTrainingBridgel o= ]
= 4 RCTrainingBridgel
|i| ..... (] Materials
i (] Beam Shapes
; (L] Appurtenances
i [ ] Diaphragm Definitions
i [ Lateral Bracing Definitions
= Impact / Dynamic Load Allowance
L. TFF LRFD Multiple Presence Factors
: (L] Factors
te (] LRFD Substructure Design Settings
pw EEG Environmental Conditions
BF  Design Parameters
o (L] SUPERSTRUCTURE DEFINITIONS
. [ bf Structure Definition £1
|i| ----- b Schedule Based RC Structure
& e RC Slab System
w3 Impact / Dynamic Load Allowance
------- 2L Load Case Description
L. A Framing Plan Detail
....... I Structure Typical Section
------- 2 Superstructure Loads
- (L1 Bar Mark Definitions
=-- [ MEMBERS
g I8l
& Member Loads
L 7% Supports
o OV
W I s2
Lo T S3(S1)
i [ BRIDGE ALTERNATIVES
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The New Member Alternative dialog shown below will open. Select Reinforced Concrete for the
Material Type and Reinforced Concrete Slab for the Girder Type.

Mew Member Alternative

Matenal Type:

Reinforced Concrete

Girder Type:

Heinforced Concrete Slab

[ ]9 ] [ Cancel

Click Ok to close the dialog and create a new member alternative.

The Member Alternative Description window will open. Enter the appropriate data as shown

below.

D Member Alternative Description

oo e |

Member Alternative: 51

Description | Specs | Factors | Engine | Impaort | Contral O ptions

Girder property input method End bearing locations
(@) Schedule bazed Lefr: 50000 in

Crozs-sechion based
Right 50000 in

Additional self load =

o

Description: i

Drefault rating method:

Self Load LFD -
Analyziz Stnp
Additional self load = Kipdit @ Full glab section width

() User defined

Material Type: | Reinforced Concrete

Girder Type: |Reinforced Concrete Slab

Default Units:

"] Edge beam
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Next describe the slab strip profile by double clicking on Strip Profile in the tree. The window is
shown below with the data describing cross section of the slab strip.

i

M Strip Profile =N ER|>
Type: |Reinforced Concrete Slab
Section | Depth I Feinforcement
Start End Start End
~UPpor Distance L""(';t-']im Distance | width | widtn conerete | Madher
(ft) (ft) {in} (in}
1 = 0.00| &0.00 §0.00| S0.000( 90.000|Class A(US) |[=

[ Mew ] [ Duplicate l [ Delete ]
[ Ok ] [ Apply ] [ Cancel ]

Go to the Depth tab and define the depth of the slab strip as follows.

i

™ Strip Profile EI@

Type: |Reinforced Concrete Slab

Depth | Reinforcement

Begin End 5 rt Start L h End
Depth | Depth Vary| Depth | PP Distance P’(';tg}t Distance
(in} (in} [t} [ ft)

18.0000 [None  |w| 180000[ 1 |w] 0.000[ 60.000] 60.000

Mew ” Duplicate ” Delete
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Go to the Reinforcement tab and define the slab strip reinforcement as follows.

4D Strip Profile [ = (s

Type: |Reinforced Concrete Slab

Depth | Reirforcement

[T ary bar spacing

Start End Start § End

Clear . . Start | Straight| End Start End

sel B [ wert|  MEESUrEC | cover|wumped] BT | Bar | Side | Side |Supportf po L ivctence| Lengtn | Distance|  Fuly Fully
Mark From (in} Spacing| Spacingf Cover{ Cover | Number (R) f) (f) |Deveioped| Developed

(in} (in} (in} 2 (in} - -

1 |Type1 = |:| Bottom of Slab | |(2.0000 5.00|10.0000 1D.DDDU|E-.DDDD 5.0000 (1 x|Left = 0.000| 60.000| 60.000

[ Mew ][ Duplicate ][ Delete ]

[ QK ” Apply ][ Cancel ]

The description of member alternative S1 is complete.
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The partially expanded Bridge Workspace tree is shown below.

-

Bridge Workspace - RC Slab on Sub

g &M% RC Slab on Sub

H-- L Materials

E- (L1 Beam Shapes

H- [ Appurtenances

------- [_1] Diaphragm Definitions

------- [C1 Lateral Bracing Definitions

------- :T_l Impact / Dynamic Load Allowance
------- HFF LRFD Multiple Presence Factors
W [21 Factors

------- [C3 LRFD Substructure Design Settings
------- EC Envircnmental Conditions

....... OF Design Parameters

- [C3 SUPERSTRUCTURE DEFINITIONS

- b Structure Definition #1

- b Schedule Based RC Structure

Laneg RC Slab System

------- 24 |Load Case Description

------- ' Framing Plan Detail

....... m Structure Typical Section

....... & Superstructure Loads

- [ Bar Mark Definitions

= 2] MEMBERS

g I 81
=& Member Loads

& Supports

(= :I 51 (E) (C)

....... I s3(51)

------- j Impact / Dynamic Load Allowance

& () MEMBER ALTERNATIVES

- LT Default Materials

=1 Impact / Dynamic Load Allowance
L Live Load Distribution

2 Hinge Locations

i = Strip Profile

- (L Points of Interest
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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 cross section of the slab strip S2.

I

% Strip Profile

(ol e ]

Type: |Reinforced Concrete Slab

Section | Depth | Reinforcement

Start End Start End
i”uﬁ; Distance ""E';tg}m Distance| Width | Wwidth ﬁ:gg:;f M;::fr
(Tt} (Tt} {in} (in}
1 = 0.00| &0.00 60.00 | 144,000 144,000 |Clags A (US) | =
[ Mew ” Duplicate ” Delete ]
[ 0k, ][ Apply ][ Cancel ]

-

Go to the Reinforcement tab and define the slab strip reinforcement for S2 as follows.

M, strip Profile [ e ]
Type: |Reinforced Concrete Slab
Depth | Reinforcement
[T ary bar spacing
Start End Start | End .
Clear . . Start | Straight] End Start End
Set rf:rrk Invert Me:rsnl':_l:e‘j Cover | Number SDBaacli-ng SDBaacli-ng Csn'fr:r cifr:r :Emne? Direction | Distance| Length | Distance|  Fully Fully
i ft ft ft Developed| Developed
(in) (i) i | am | (ft) (ft) (ft) eveloped| Develop
1 |Type1 |» D Bottom of Slab ||/ 2.0000 15.00|10.0000 | 10.0000 |2.0000 [2.0000 (1 x| Left = 0.000| 60.000| 60.000
[ Mew ] [ Duplicate ] [ Delete ]
[ QK ][ Apply ][ Cancel ]

The description of member alternative S2 is complete.
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Link member S3 with member S1 so that they share the same definition.

D vemoer =
Member name; | 53 Link. with: |51 -
Drezcriphion: -
Existing | Current| Member Aternative Mame | Description
51
Mumber of spans: |2
Span Span
Mo. Leng\th
(ft)
1 30.00
2 30.00
ak ][ Apply ][ Cancel ]

The description of this structure is complete. The figure below shows the cross section view of

the reinforced concrete slab system superstructure.
RCTrainingBridge1

RC Training Bridge1(LFD) - RC Slab System
07/2115

E?I_[}If

F 1

EEI_[}IF

F 1

N, Travelway 1

h

B

k3

1 52
3‘—9" 2@9‘—9" = 19‘—5"

3
Bl_glr
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The figure below shows the framing plan of the reinforced concrete slab system superstructure.

RCTrainingBridge1
RC Training Bridge1(LFD) - RC Slab System
07/21/115

300"

300"

F Y

9-9
l’/&
©
o
o
o
&

____________ S
2 ‘7\§90.0 deg. 2 ‘\_iso.o deg.

g.gn

S2
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Substructure: Pier Alternative

The BrD Substructure module currently has the capability to describe the pier gross geometry
and reinforcement, compute loads acting on the pier, perform a finite element analysis of the
pier, compute the load combination results and perform specification checks for the
reinforcement. Double click on PIER ALTERNATIVES in the Bridge Workspace tree to create a
new pier alternative.

Bridge Workspace - RCTrainingBridgel E@
= -m- RCTrainingBridgel
|J;r| ----- ] Materials

- (] Beamn Shapes
w- G2 Appurtenances
G [_] Diaphragm Definitions
------- [_] Lateral Bracing Definitions
j Impact / Dynamic Load Allowance
... MPF LRFD Multiple Presence Factors
@ [ Factors
i [_] LRFD Substructure Design Settings
... EC Environmental Conditions
jo BF - Design Parameters
i (L7 SUPERSTRUCTURE DEFINITIONS
(= [ BRIDGE ALTERMATIVES
G D Bridge Alternative #1 (E) (C)
o @ RC Slab System Alt
i (] SUPERSTRUCTURES
b P Stiffness Analysis
[ ] PIERS
- TT Pierl

] PIER ALTERNATIVES

Four types of reinforced concrete pier alternatives can be described: solid shaft (hammerhead)
piers, frame piers, wall piers and pile bent piers, as shown in the figure below.

i "

New Pier Alternative Wizard [3m]

L .

[ | [ |
Salid Shaft Pier W all Pier Filz Bert Pier

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.
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Enter a name for the pier alternative, change the number of columns to 2 and click Finish to
close the wizard and create the new pier alternative.

P

-

Mew Pier Alternative Wizard

==

Type: |RC Frame Pier

Mame: Z<olumn Frame

Description: |
Units: IUS Customany -
Mumber of columns: 2 =

-

Columns have combined foetings: [

<Back | Fnsh | | Cancel | | Heb

Please note that you cannot switch between combined/independent footings once you have
made a selection here. You will have to create a new pier alternative to change the footing type.
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The Pier Alternative window will automatically open.

™ Pier Alternative - 2-Column Frame E@
Name: 2-Colurnn Frame: Topa RC Frame Fier
Description: - Units: | US Customarny VI

LAFD Substructure Deszign Settings

Preliminary tode
i Default Design Settings; | Preliminary Desian Setting [L15]

[] Owerride default
Colurns
= Design Seftings:
Mumber of columns: 2 = S S
Firal Maode

Columng have combined footings: Ye: (@) Mo ; ; ;
Default Design Settings; | Tinal Design Setting [US]

[] Owerride default

Dresign Settings:

Advanced
DLA..

[ ] ” Apply ][ Cancel l

If you wanted to override the default design setting with your own design setting you would do
it here.
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&M Pier Alternative - 2 Column Frame E\@
2 Column Frame - RLC Frame Pier
M arne: Type:
Description St|ffness| Flepnrts|
Compute Analysis Methad Slenderness values cannot be
Slandemess Batio Method: [First Order Elastic - computed until the pier gross
geomelry is entered.
Pier Langitudinal &x=is
Sidezway
@ Braced () Unbraced Unbraced length: it Effective length factor, K: 0.650
Slendemess Results
Up-to-date
Gross ares; | 0.000 - Moment of inertia; | 0.000 - Fiadius of gyration: [0.00
it ft™d ft
KL (0.0
Fier Transverze bxis
Sidesway
") Braced @ Unbraced Unbraced length: it E ffective length Factor, K; 2.000
Slenderness Resultz
Up-to-date
Gross area: | 0.000 [ Moment of inertia: | 0.000 fi4 Fiadius of gyration: | 000 t
kLA (0.0
[ ok l [ Apply J I Cancel

The Stiffness tab computes information about the stiffness of the pier to assist you in
determining the type of structural analysis required. Since we have not entered any of the pier
geometry yet, BrD cannot compute the slenderness ratio and the Compute button is disabled.
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.

-

Bridge Workspace - RCTrainingBridgel

(=[O )

= M RCTrainingBridgel

.....
(=

] PIER ALTERMATIVES

S

- [ Materials
- [ Beam Shapes
wm- 3 Appurtenances
- [ Diaphragm Definitions
- [Z3 Lateral Bracing Definitions
- = Impact / Dynamic Load Allowance
- MFF LRFD Multiple Presence Factors
&[] Factors
- [Z3 LRFD Substructure Design Settings
- B¢ Epwironmental Conditions
- OF  Design Parameters
G- [ SUPERSTRUCTURE DEFINITIONS
- [0 BRIDGE ALTERMATIVES

#I Bridge Alternative #1 (E) (C)
#M RC Slab System
i (L SUPERSTRUCTURES
- T Stiffness Analysis

TT 2-Celumn Frame (E} (C)
IT Default Materials

------- T Geometry

- P Cap

B [ COLUMNS
----- B Columnl
----- B Column2

<4 Superstructure Loads
= Superstructure Environmental Loads
++ Substructure Loads

The Default Materials window allows you to select materials that will be used as default

selections for the pier components.

™ Default Materials

(o) & |ms]

b aterial

Calurin/wf all Shear Reinfarcement Type

Cap: | Class & [US)

(@) Spirals

Columnswall | Class & [US)

(") Spirals designed as ties

Footing: | Class & [US)

) Ties

Steel pile: [

Reinforcement b aterial

Pile Foundations

Steel pile shape: | - Create new shape - -

Cap: | Grade &0

Columnwall ’Grade B0

Footing: | Grade 60
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Pier Geometry

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

Bridge Workspace - RCTrainingBridgel El@
= &M RCTrainingBridgel
i (L1 Materials
|Jf,| (] Beam Shapes
i [ Appurtenances
.. [ Diaphragm Definitions
i [_] Lateral Bracing Definitions
------- = Impact / Dynamic Load Allowance
MFF LRFD Multiple Presence Factors
- (L3 Factors
s [_] LRFD Substructure Design Settings
------- EC Environmental Conditions
OF Design Parameters
G (2 SUPERSTRUCTURE DEFINITIONS
£ [ BRIDGE ALTERNATIVES
[t} M Bridge Alternative #1 (E) (C)
1 @ RC Slab System Alt
|';'| (L] SUPERSTRUCTURES
- 1 Stiffness Analysis
=} [ PIERS
G TT Pierl
([ PIER ALTERNATIVES
B TT 2-Column Frame (E) (C)
....... TT Default Materials
B+ {Geometry
|J;| W Cap
i (21 COLUMNS
....... =& Superstructure Loads
G = Superstructure Environmental Loads
L 4 Substructure Loads
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This window allows you to define some basic pier geometry. The following items should be
noted about the geometry windows in BrD Substructure:

The window is not drawn to scale.

Only the values in blue font can be edited.

If a pier component, such as the cap or column, does not have any geometry defined
yet, that component is drawn with a dashed red line.

A right click menu is available for each pier component, such as the cap or a column,
which you can use to navigate to the component or geometry window for that
component.

P

M Pier Geometry [ || = | ==
= 12.50 f - PapSISuCe,
G1 ' G2 G3
L 875 R ! D.75 A N
[ ML "
1 1| 1

| 3501t I 2000 ft | 350 % |

Elesation Wiew

Tl

Ok ] [ Apply l [ Cancel
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Open the Cap window in the Bridge Workspace tree.

-

Bridge Workspace - RCTrainingBridgel E@

= &M RCTrainingBridgel
i (L] Materials
|4f.| (L] Beam Shapes
i (L] Appurtenances
....... [_] Diaphragm Definitions
i [ Lateral Bracing Definitions
------- =1 Impact / Dynamic Load Allowance
MFF LRFD Multiple Presence Factors
W (L] Factors
- (] LRFD Substructure Design Settings
------- EC Environmental Conditions
OF Design Parameters
w- (23 SUPERSTRUCTURE DEFINITIONS
- [ BRIDGE ALTERNATIVES
[t M Bridge Alternative #1 (E) (C)
. ¢ RC Slab System Alt
I-;-I (L] SUPERSTRUCTURES
....... T Stiffness Analysis
= (22 PIERS
o TT Pierl
1 (L PIER ALTERNATIVES
5 TT 2-Column Frame (E) (C)
- LT Default Materials
- ﬁ Geumetr}r
|;| L Cap
------- T Components
e T Geometry
: L Reinforcement
[ (2] COLUMNS
wr Superstructure Loads
fonm % Superstructure Environmental Loads
to 4t Substructure Loads
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The Cap Properties window will pop up, and you should see the following data.

' i )

™ Cap Properties - Pierl - 2-Column Frame

Description | Additional Loads

Cap Type: Beam Shape Cap

Cap Top Configuration; Sloped Cap Matenat [Class A [US] -

Exposure factor:

Pedestals
CL Bearing Angle Between CL Bearing Seat
IMember Station Member and CL Support Elewation
(ft) (Degrees) [t}
51 30.00 50.00 18.00
52 30.00 50.00 18.00
53 30.00 50.00 18.00

[ ] ][ Apply H Cancel

The Additional Loads tab allows you to define additional, user defined loads on the cap. Our
example does not contain any additional loads on the cap. Click the OK button to close the

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

i

-

™ Cap Components - Pier1 - 2-Column Frame o =[]

Cap type: (@ Beam Inverted Tee Beam

Cap Left Cantilever | Cap Right Cantilever |

N

Sloped Cantilever

[ Ok ] [ Apply ] [ Cancel
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Now open the Cap Geometry window and enter the following cap geometry data.

i

™ Cap Geometry - 2-Colurnn Frame EI@
uperstructure
Fieference Line
G1 I'Gz2 G3
Ahead Spaq 10 :
C'-_E'iﬂ._._.i_._._._._._._._i.i_._._._._._._._._._._ Bl
T Back Span
I— L l Flan Wiew
STa. AHEAD
G G2 G3
I I I
Elew. 1a00s _ ; e ; 1 _ Elev.1z.00 1
3.€({1 L0 A
4 | | i
_ 1 C2
L
Elevation Wiew
Ok ] I Apply I I Cancel

Click OK to close the window.
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Open the Reinforcement window and enter the following data.

#™ Cap Reinforcement - Pier 1 - 2-Column Frame

(= Eom [

Flexural | Shear

Longitudinal Skin

Bar size: Bar spacing: ©000  in Bar material; | Grade &0 - Stirrup clear cover:  2,0000 in
Primary Flexural
Reinforcement Input Method Reinforcement follows cap profile
(@ simplified () Advanced
Vertical Start | Straight End
Hook at| Hook at| Developed | Developed
Set ,!"rzfns;; Distance | Bar Size | Mumber| Material Distance | Length | Distance ;tE:arta E;_Dnda :tlr;?aprt ?;e;z
(in} (ft) (Tt} (ft)
1 [Top |=| 3000{10 |~| 5.000|Gradeg0/~| 0.500| 26.000| 26500 [V ¥ [ [
2 |Bottom »|| 3.000[10 |x| 5.000|Grades0|x| 0.500| 26.000| 26500 [C] [ [ [T
[ Mew ][ Duplicate H Delete ]
[ ] ][ Apply ][ Cancel ]

Enter the following data to describe the shear reinforcement for the left half of the pier cap.

M Cap Reinforcement - Pier1 - 2-Column Frame

(oo =]

Flesural | Shear

Start = End
Bar Size :If'lrl_n:; Material | Measure From| Direction | Distance D?;::::;__s Sp(aianc)lng Le(nﬂg}lth Distance
(ft) (ft)
5 |=|| 4.000|Grade 60 » | Left Edge of = | Right || 0.500 1 0.000| 0.000 0.500
5 |=|| 4.000|Grade 60« | Left Edge of = | Right || 0.500 25 5.000| 12.500( 13.000
5 \=|| 4.000|Grade 60 = | Left Edge of = |[Right |=| 13.500 25 §.000| 12.500| 25.000
5 |>|| 4.000|Grade 60 = | Left Edge of = | Right |w| 26.500 1 0.000| 0.000( 26500

Dup & Mirrar ] [ Mew

| [ Dupicate | [ Delete |

Ok

][ Apply H Cancel ]
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Next we will define the pier columns. Expand the bridge workspace tree under the Columni.

@ Bridge Workspace - RCTrainingBridgel E@
= ¢ RCTrainingBridgel
i (1 Materials
|Jfr| (L] Beam Shapes
i [ Appurtenances
------- (L] Diaphragm Definitions
[_1 Lateral Bracing Definitions
E — Impact / Dynamic Load Allowance
------- HMFF LRFD Multiple Presence Factors
..... [ Factors
i [_] LRFD Substructure Design Settings
------- EC Environmental Conditions
OF Design Parameters
e (L7 SUPERSTRUCTURE DEFIMITIONS
- [ BRIDGE ALTERMATIVES
i M Bridge Alternative #1 (E) (C)
@ RC Slab System Alt
m ----- (L] SUPERSTRUCTURES
....... T Stiffness Analysis
(= [ PIERS
. TT Pierl
©- (L PIER ALTERNATIVES
& TT 2-Column Frame (E) (C)
- &1 Default Materials
....... ﬁ Genmetrj.r
|J;| W Cap
5 (L3 COLUMNS
EI ..... B Columnl
B
....... n| Geometry
|'§'| ----- (L] Reinforcement Definitions
- Reinforcement
I ] FOUNDATION ALTERMATIVES
@ W Column2
(oo oy Superstructure Loads
L 3 Superstructure Environmental Loads
\. + Substructure Loads
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The Column Components window allows you to specify the cross-section segments in the

column. Segment cross-sections can vary linearly over their height. In our example, the cross-
section is constant over its height.

i

-

™ Colurnn Components - Pier1 - 2-Column Frame - Columnl EI@
Murnber of crozs-section segments for calurmn: =
Segment Material Segment Vary Cross-Section Type
Class & Segment 1
1 (Us) T ||None ¥ Round
— o Seqgment 2
[ ] ] [ Apply ] [ Cancel

BrD assumes the column cross section type is round when you create a new column. Since our
pier has round columns, this assumption is correct. Click OK to close this window.
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Open the Column Geometry window and enter the following column geometry data.

i

™ Colurnn Geometry - Colurnnl

E=NECh =<

Bottom of Cap
El 1500 ft
Biii
L]
L]

eSS esEesEEEeEEeEeEEe ...

El 000 ft

Elevation Wiew

Fier Transverze bz
Calumn Tranzwverse Axiz

Pier Longitudinal Axiz |
Colurnn Longitudinal duis A( :

.y
I |
! 3.00 i J
T Segment Ha. 1
| STa, AHEAD
L &
| Plan Wigw

[ (] ][ Apply ” Cancel

Click OK to close the window.
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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. Click the “Generate Pattern” button to use the pattern wizard to create a pattern of
reinforcement. Enter the following data and click the “Apply” button. The clear cover measured
to the face of the flexural reinforcement is 2” cover to face of spiral plus %" for the spiral

diameter.

Generate Pattern Wizard

Pattern name: 8 #10 Bars
Calurin segment;

Segment crogs section: Round

Top/Bottom: | Top

Ovverall trare width: | 36.00000 |

Bundle Type

@) Single

1 2 Parallel

1 2 Perpendicular
1 3Bar

10

Bar zize:

M aterial: ’Grade B0

Clear cover:  2.5000

in

Mumber of bars: 8§

Overall long width: | 380000 |5 Apply ] l Cancel
The following bar locations are generated for this pattern.
&M Column Reinforcement - 8 210 Bars - Pier1 - 2-Colurmn Frame EI@
Mame: 8SH10Bars
Py [ Bundle bars
S I Bar ) X Y
r -

: : : Bar Size Material = .
] i | 1 10 || Grade 80 |=| 14.885| 0.000
_ 'l __________ :L___’ﬁ 2 10 |+ || Grade 60 |=]| 10.511] -10.511
i ! ! 3 10 |v|Gradeé&0 =] 0000|1465
! i : 4 10 || Grade 80 ||| -10.511| -10.511
D e | 5 10 || Grade &0 x| 14885 0.000
[ 8 10 x| Grade 60 |=| -10511] 1051
T ! 7 = = 5
TSta Ahead 10 || Grade 80 |=]| o0o00| 14885
8 10 || Grade 80 =]l 10511] 10511

L
M e ] [ Duplicate ] [ Delete
Generate Pattem...
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Our column reinforcement is going to extend down into the footing so we will next create a
Foundation Alternative and then come back to assign this pattern to the column. Otherwise we
will get a Validation message that the column rebar does not fit inside the footing.

Double click the FOUNDATION ALTERNATIVES label and the New Foundation Alternatives wizard

will open.

-

@ Bridge Workspace - RCTrainingBridgel

REN OH =53

= 4 RCTrainingBridgel
{2 Materials
(L1 Beam Shapes
. | Appurtenances
: [_] Diaphragm Definitions
too [ Lateral Bracing Definitions
= Impact / Dynamic Load Allowance
L MFF LRFD Multiple Presence Factors
il [13 Factors
[_] LRFD Substructure Design Settings
foo EG Environmental Conditions
OF Design Parameters
B (L] SUPERSTRUCTURE DEFINITIONS
=l (] BRIDGE ALTERMNATIVES
i 4 Bridge Alternative 1 (E) (C)
1 @M RC Slab System Alt
i (L SUPERSTRUCTURES
....... ‘T Stiffness Analysis
= [_] PIERS
G TT Pierl
. (3 PIER ALTERNATIVES
& TT 2-Column Frame (E) (C)
- TI Default Materials
.. TT Geometry
|J;| W Cap
= (21 COLUMNS
|:| ..... B Columnl

@ W Column2

- + Substructure Loads

- B Components

o O Geometry

|afr| (1 Reinforcement Definitions
s Reinforcement

(I | FOUNDATION ALTERNATIVES

Lo oy Superstructure Loads
L. =% Superstructure Environmental Loads
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Select the spread footing and click the “Next” button.

Mew Foundation Alternative Wizard

File Footing

Single Drilled Shaft

= Back

[ Net> | [ Cancel | [ Hep
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Enter the following description of the foundation.

Mew Foundation Alternative Wizard @

Type: |Spread Foundation
MName: 10x 10 Hg

Description:

Units: | US Customary -
10.00 it

2.5 it

Footing width: Footing thickness:

Footing length: 10.00 ft

Footing material: |Class A (US) -

« Back |[ Finish ]| Cancel || Help

A
| Sta A head
Fier Transverse Axis —s)

PierLDngitudinaIA}{ig

i
!
!
!
| —|
[—-
i
I
]
F oating Width

anting'Lengm

Plan * iew

Last Modified: 8/11/2015 RC Pier Supporting Slab System - 41 AASHTOWare BrD 6.7



AASHTOWare Bridge Rating Training — RC Pier Supporting Slab System Example

Click Finish and the Foundation Properties window will open. Enter the Exposure Factor.

D Foundation Properties - Pier1 - 2-Column Frame - Columnl

[E=N ECR =X

Mame 10=10Ftg

Description | Additional Loads I Soil

Foundation type:

Dezcription:

Footing

Footing Material: | Clazs A [US) -

E=posure factar: 1

E Unitz: | U5 Customary

Foundation Seal

[7] Foundation zzal M aterial:

width:

Length:

Battom elevation:

QK ” Apply ” Cancel
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Enter the rock factored bearing resistance and click the OK button. Do not click the Cancel
button as that will cause the creation of the new foundation alternative to be canceled.

D Foundation Properties - Pier1 - 2-Column Frame - Columnl EIIEI

Mame: 0% 10Fta Foundation type:  Spread Foundation

Description AdditionaILoads| Sail |

Subsurface Type
() Sal @ Rock

Factored bearing resistance: 20.000 ksf

QK ” Apply ” Cancel
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Open the Foundation Geometry wi
button.

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

M Foundation Geometry - 10 %10 Fig

o s

Bottom of Column

Fier Tranzwerze Axis
Column Trangverze fuig

000 ft |
Bl Fier Longitudinal fuxiz |
Colurnt Longitudinal Ax '
SRR (B Lecoosd 10.00 ft
Eley. -2 5T :
|
| £
! 10.00 ft '
T
] STA. AHEAD
L . . L T .
Elevation View | Flan View
[ ] ] I Apply I [ Cancel
Enter the following reinforcement for the footing.
&M Foundation Reinforcement - Pier1 - 2-Column Frame - Columnl - 10 x10 Ftg E\@
Direction of topmast rebar: Longitudinal - Top bar clear cover: 3.000 in End cover. 3000 in
Diitection of bottormmast rebar; | Longitudinal — + Bottom bar clear cover,  -000 in I aterial: IGrade &0 'J
Top Longitudinal R einforcement Top Transverse Feinfarcement
Bar size: |3 - Mumber. 10.00 Bar size: |9 - Mumber:  10.00
[ Hooked [ Hooked
[ Fully developed [ Fully developed
Battom Longitudinal Reinforcement Battom Transverse Reinforcement
Barsize: |9 b Humber:  19.00 Bar size: |3 i Number: 15.00
Hooked Hooked
[] Fully developed [] Fully developed
[ QK l I Apply I I Cancel
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Now go back to the Column Reinforcement window for Column 1 and assign the reinforcement
pattern as follows.

i =

M Column Reinforcement - Columnl - Pier1 - 2-Column Frame EI@
Flesural | Shear
Start Straight End
. . Hook at | Hook at | Developed | Developed | Follows
Set [ Distance] Length | Distance Pattern Start End at Start at End Profile
(Tt} (Tt} [Tty
1 _2.500 | 17.000 | 14.500 |8#10 Barz = [l | [
Mew ] ’ Duplicate ] [ Delete

Define the following shear reinforcement in the column. The stirrups extend into the footing but
BrD will not consider the shear reinforcement in the footing or cap when performing
specification checks.

i =

M Column Reinforcement - Columnl - Pier1 - 2-Column Frame EI@
Shea

Shear Reinforcement Type

i) Ties (@) Spirals () Spirals designed as ties
Bar | Pitch _ Start ) engtn|  End
Size fin} Material Distance ) Distance
(ft) (1t}
4 = 3.00 | Grade 50 - -2.500| 17.000 14.500

Me

=

|| Duplicate || Delete
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The description of the Column1 is complete. Describing the Column2 is skipped because it is the
same as describing the Column1.

Now that we have defined our pier geometry, we can re-open the Pier Alternative:
Stiffness tab and evaluate the slenderness of our pier.

&M Pier Alternative - 2-Column Frame E\@

~ 2-Colurn Frame ~ RC Frame Pier
Marne; Type:

Stiffhess Reports

Analyziz Method
Compute - -
Slendemess R atio tethod: IFllst Order Elastic -

Fier Longitudinal Axis

Sidesway
@ Braced () Unbraced Urbraced length: 1500 4 Effective length factor, ¥ 0.850
Slenderness Results
|Jp-ta-date
Gross area: | 14137 s Moment of inertia; | 7952 fig Fiadiuz of gyration; | 0.75 t
kL 130

Fier Transverse dxiz

Sidesway
) Braced @ Unbraced Urbraced length: 1500 4 Effective length factor, K 2.000

Slenderness Results
dp-to-date
Gross area; | 14137 g Moment of inertia; | 31809 | gy Radius of gyration; | 1.50 ft

KL/ 200

I (] H Apply H Cancel I

BrD computes the KL/r ratios for the pier longitudinal and transverse axes based on the pier
alternative geometry we’ve input. We can independently evaluate these KL/r ratios in
accordance with AASHTO LRFD Article 5.7.4.3 to determine if the first order elastic analysis
performed by BrD is satisfactory for this pier.
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We can now view the 3D schematic of the pier alternative. Select the name of our pier

alternative in the bridge workspace tree. The 3D schematic can then be accessed by the “3D”
button on the BrD Substructure toolbar shown below.

Substructure Toolbar [&]
|PrE|il‘l‘Iil‘Iﬂr‘f v| S L & & E &

P

M Pierl - 2-Column Frame - Pier Alternative 3D Schematic EI@
v o fE e QL s R W

Station Ahead

______ ‘ [31 RiEnerstiuchure Beference BRe _ _ . _ _ . Pier Longitudinal Awxiz

T.L

This 3D schematic is a to-scale drawing of the pier alternative. This schematic view has a lot of
useful features like rotating, scaling, and dimensioning. Select F1 to open the BrD help topic for
this window to review the features available in this schematic window.
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It's a good idea to view the Isometric View in the schematic to be sure that your girders are

sitting on your pier.

I

&M Pierl - 2-Column Frame - Pier Alternative 3D Schematic

b, v o [ R Qe R @ L

(=[O ]

G3
Superstructure Reference Life._
N - Station AHEE¢
B b .

T

B

=

Fier Longitudinal Az

-

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 —» :

Pier transverse axis —3 Superstructure reference line

}Superstructure longitudinal axis

Stations Ahead
‘o T

! Pier Skew Angle

Back Span [ Ahead Span

Positive | Negative

& Please note that you do not have to open any of
these Load windows to do a pier analysis or spec
check. We are going to review each Load window
as part of this traming exercise but you can always
mitiate a pier analysis and spec check directly from
the toolbar without ever opening these Load
windows. Opis will compute the loads for you as
part of the analysis and spec check.
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Open the Superstructure Loads window.

-

Bridge Workspace - RCTrainingBridgel EI@

= M RCTrainingBridgel
H- [ Materials
- [ Beam Shapes
- [ Appurtenances
....... (L1 Diaphragm Definitions
....... (L1 Lateral Bracing Definitions
------- j Impact / Dynamic Load Allowance
------- MFF LRFD Multiple Presence Factors
[ [ Factors
------- (L1 LRFD Substructure Design Settings
------- EC Environmental Conditions
....... OF  [Design Parameters
- [ SUPERSTRUCTURE DEFIMITIONS
=9 [ BRIDGE ALTERMATIVES
..... {Ty Bridge Alternative #1 (E) (2]
5 M RC Slab System

..... (27 SUPERSTRUCTURES

....... T Stiffness Analysis

EI ..... [C7 PIERS

= TT Pierl
- (I3 PIER ALTERNATIVES
S TT 2-Column Pier (E) (C)

....... LT Default Materials
....... T Geometry
[ w Cap
- L COLUMMS
_______ rag S Uperstructure Loads|
------- = Superstructure Environmental Loads
....... 1+ Substructure Loads

The first thing you will see is the following dialog.

Dialog

Getting components...

Getting computation event...

Retrieving the default library design settings for Preliminary design...
Computing braking forces on superstructure...

Computing forces due to braking forces on the superstructure...
Computation of forces due to braking forces on the superstructure...
Computations completed!
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BrD computes some of the superstructure loads on the pier for you when the Superstructure
Loads window is opened. This dialog lists details about how BrD computes the loads and may
contain warning and error messages. This dialog always appears after BrD computes any loads
for you. Click OK to close this window.

The figure below shows the BR tab of the Superstructure Loads window which allows you to
view the BrD 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.

™ Superstructure Loads - Pier1 - 2-Column Pier EI@
Back Span Ahead Span Pier skew: | 0.00 B
Span Mo 1 SpanMo: 2
Superstiucture Definition; BT Slab Systern Superstiucture Definiion;  FC Slab Spstem

[DL [ LL Settings [ LL-Reaction | LL Distibution| BR |
Input
AASHTO LRFD Spec Article 3.6.4 Braking Force ER

Longitudinal lnad distibution option:  Fixed & Expansion - Simplified
6.000 4

Superstucture length: | 30.000 ft

Mumber of lanes in zame direction: I I I I

Loads
@ Computed () Override Lanes (kip/ft)
1 1.20| 0.800

[ Use overide values

Back Span
Num. Superstructure Longitudinal Force
Lanes (kip/ft)
= 52 53
1 0.960 0.600 0.960
rean Superstructure Transverze Force
Lanes (kipift)
51 52 53
1 0.000 0.000 0.000
Num. Wertical Reaction due to Transv. Force
Lanes (kip/ft)
= 52 53
1 0.000 0.000 -0.000
Compute DL Reactions ] [ Compute LL Reactions Ok ] [ Apply ] [ Cancel

The “Calcs” button will open a report in your internet browser detailing the calculations
BrD performed to compute the friction forces.
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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.

™ Superstructure Loads - Pier1 - 2-Column Pier

E=8 o>

Back Span

Span Mo 1

Superstructure Definition: RC Slab Spstem

Ahead Span
Span Mo 2

Superstructure Definition: RC Slab Spstem

DL | LL Settings | LL-Reaction | LL-Distibution | BR |

Pier skew: | 0.00 Degrees

Computed Reactions

Fesult Up To Date

Continuous Span

Results timestamp:  Wednesday, July 22, 2015 1%:56:31

Computed Reactions

DC Load (kip/ft)

51 52 53
Non-composite (Stage 1) 14.254|10.969 | 14.254

Composite (long term) (Stage 2)

Total 14.254 (10.969 | 14.254

Computed Reactions

DV Load (kip/ft)
51 52 53

Non-composite (Stage 1)

Composite (long term) (Stage 2)

Total

Owerride Reactions
[ Uze override values

Continuous Span

Override Reactions

(hipit)

S1

52 53

DC|

Dy

[ Compute DL Reactions ]

[ Compute LL Reactions ]

H Apply ][ Cancel ]

The “Override Reactions” grid allows you to enter user-defined override values for the dead
loads. Remember, these values will only be used in the pier finite element analysis if you have
the “Use override values” box checked on this window.
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The “Compute LL Reactions” button will initiate a longitudinal live load analysis of the
superstructure carried by the pier.

™ Superstructure Loads - Pier1 - 2-Column Pier EI@
Back Span Ahead Span Pier skew: |0.00 Demees
Span Mo 1 Span Mo 2
Superstructure Definiion; B C Slab Spstemn Superstuctune Definiorn;  BC Slab Spstem
LL-Reaction | LL Distribution | BR
Computed Reactions
Fesult Up To Date
Riesults imestamp;  wednesday, July 22, 2015 16:04.33
Single Lane
Vehicle |Wehicle Type| Reaction
(kip}
HL-93 (US}| Axle Load 62.913
HL-83 (US)| Truck Pair 55.912
HL-93 (US)|Lane 23.952
HL-83 (US)| Tandem 49.517
[ 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 BrD
Substructure Toolbar and the LRFD Substructure Design Settings chosen on the Pier Alternative:
Description window.

This longitudinal live load analysis computes the single lane reaction for each vehicle. The

“Calcs” button opens your internet browser and displays a report of the single lane reactions
computed by BrD.

Last Modified: 8/11/2015 RC Pier Supporting Slab System - 53 AASHTOWare BrD 6.7




AASHTOWare Bridge Rating Training — RC Pier Supporting Slab System Example

The LL-Distribution tab allows you to view the BrD computed live load reactions distributed for a
pier analysis or enter your own user defined distributed live load reactions.

™ Superstructure Loads - Pier1 - 2-Column Pier EIIEI
Back Span Ahead Span Pier skew: |0.00 Demees
Span Mo 1 Span Mo 2
Superstructure Definiion;  BC Slab Spstemn Superstuctune Definiorn;  BC Slab Spstem
[ DL [ LL Settings | LL-Reaction | LL-Distibution |ER |
Distribution Method k2 B2
@ Tributary area rEI'D" g0 2"2;'
_ "
() Lewer rule l 1 l
() Rigid deck action 10'Tane
w= (Reaction-F)
1
Loads
Diizplay
@ Computed (7)) Dvemide [T Use ovenide values
‘without Dynamic Load Allowance
Single Lane| Axle | Uniform
Vehicle | Vehicle Type| Reaction | Load P| Load w
(kip} (kip) | (kipdft)
HL-83 (W Truck + Lane B6.865| 32.000| 5.486
HL-83 (YTandem + Lan 73.469| 25.000| 4.847
HL-83 (1| 90% (Truck Pa 71.678| 28.300| 4.308
With Dynamic Load Allowance
. Single Lane| Axle | Uniform
Weighted
Vehicle | Vehicle Type DI_EAE (%) Reaction | Load P| Load w
(kip) (kip) | Ckipift)
HL-93 (UTruck + Lane 239 107.626 | 39.648| 6798
HL-83 (Y Tandem + Lan 222 89.809| 30.560| 5.925
HL-83 (1 30% (Truck Pa 231 88.483 | 35.454| 5303
Compute DL Reactions ] [ Compute LL Reactions Ok ] [ Apply ] [ Cancel
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Superstructure Environmental Loads

Open the Superstructure Environmental Loads window.

@ Bridge Workspace - RCTrainingBridgel E@
= % RCTrainingBridgel
i (L) Materials
|afr| (L] Beam Shapes
i (L) Appurtenances
------- (L] Diaphragm Definitions
....... (1 Lateral Bracing Definitions
=1 Impact / Dynamic Load Allowance
------- MFF LRFD Multiple Presence Factors
..... [ Factors
i [ LRFD Substructure Design Settings
------- Ec Environmental Conditions
BF  Design Parameters
o (L) SUPERSTRUCTURE DEFINITIONS
= [_] BRIDGE ALTERMATIVES
G- M Bridge Alternative £1 (E) (C)
. M RC Slab System Alt
m ----- (L] SUPERSTRUCTURES
....... T Stiffness Analysis
[} [_] PIERS
i TT Pierl
i (2 PIER ALTERNATIVES
& TT 2-Column Frame (E) (C)
....... I.I Default Materials
....... ﬁ Geometry
|Jf,| W Cap
i (2 COLUMNS
....... 24 Superstructure Loads

------- =4 Superstructure Environmental Loads

L 14 Substructure Loads
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The Superstructure Environmental Loads window shows the following data:

M Superstructure Environmental Loads - Pier1 - 2-Column Pier EI@
Back Span &head Span Fier skawe |0.00 Degrees
Span Mo 1 SpanMo.:
Superstructure Definition:  RC Slab System Superstiucture Definitior:  RC Slab Spstem
WS-Super | WS Over [WL [TU  [SH |
Input
AASHTO LRFD Spec Article 3.8.1.2 2 Loads from Superstructure
Transverse load distribution optior:  Fized & Expansion Bearings Friction welocity, W0:| 5.20 miph
Transverse superstructure length; | 20.000 ft Friction length, 20 | 0.23 ft
Superstructure design elevation: |20.053 t Base design wind welocity, V: 100,00 miph
Design height, 2 | 20.053 it \30: | 100.00 mph
Owermide design height. it
Loads for Wind frarm Left to Right
Digplay
@ Computed () Owerride [T Use ovenide values Oweride. .. l ’ Calcs...
Wind Superstructure Longitudinal Force -
Skew (kip/ft)
Angle
31 52 33 =
(deg)
0 0.400 0.250 0.400
13 0244 0.153 0244
30 0.228 0.142 0.228
45 0.183 0.115 0.183 =7
Wind Superstructure Transverse Force - Wind Wertical Reaction due to Transverse -
Skew (Kip/ft) Skew Force (kip/ft)
Angle Angle
31 52 33 = 31 52 33 =
(deg) (deg)
0 -0.000 -0.000 -0.000 0 0.128 0.000 -0.128
15 -0.033 -0.021 -0.033 15 0.078 0.000 -0.078
30 -0.067 -0.042 -0.067 30 0.073 0.000 -0.073
45 -0.089 -0.056 -0.089 ] 4 0.059 0.000 -0.059 i
5% [ auwb] [ Coront ]

The top of the screen displays values computed by BrD that are used to compute the wind on
superstructure loads on the pier and in some cases lets you override some of this data. The
bottom of the screen displays loads on the superstructure members for wind blowing from left
to right. You will get a chance to specify which direction the wind should blow in the actual pier
finite element analysis in the Load Combination Settings window we will visit later.
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The overturning wind on superstructure load window is shown below.

W5 Supes] Ws0ve [ |10 5K

M Superstructure Environmental Loads - Pier1 - 2-Column Pier EI@
Back Span &head Span Fier skawe |0.00 Degrees
Span Mo 1 SpanMao: 2
Superstructure Definition:  RC Slab System Superstiucture Definitior:  RC Slab Spstem

Input
AASHTO LRFD Spec Article 3.8.2 Vertical \Wind Pressure

Transwerse superstructure length: 30.000 ft

Deck width; | 27.000 it

Wertical upward wind pressure;  0.020 ksf
Loads for *ind from Left to Right
Digplay
@ Computed () Owerride [T Uze ovenide values Oweride. .. ] ’ Calcs...

Overtuming force: | 16.200 kip

Vertical Reaction Due to
Ovwverturning Force
(kip/ft)
31 52 s3
1.468 0.450 -0.028

0k

| {

Apply l [ Cancel
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The wind on live load tab is shown below.

M Superstructure Environmental Loads - Pier1 - 2-Column Pier EI@
Back Span &head Span Fier skawe |0.00 Degrees
Span Mo 1 SpanMao: 2
Superstructure Definition:  RC Slab System Superstiucture Definitior:  RC Slab Spstem

W5Super | wS-Over| WL [TU [SH |

Input
AASHTO LRFD Spec Article 3.8.1.3 Wind Pressure on Vehicles
- - - L
Transverse load distibution optior;  Fived & Expansion Bearings
£.0000
Transverse superstructure length; | 20.000 ft l ft
Loads for Wind from Left to Right
Dizplay
@ Computed () Oweride [ Use averide values Dwernide. l l Calcs. .
Wind Superstructure Longitudinal Force -
Skew (kip/ft) i
Angle
S1 s2 S3
(deg) L
0 0.133 0.083 0.133 T
13 0.117 0.073 0.117
30 0.109 0.058 0.109 i
45 0.088 0.055 0.088
311} n nac n naa n nac i
Wind Superstructure Transverse Force - Wind ‘ertical Reaction due to Transverse -
Skew (kip/fty | | Skew Force (kip/ft) F
Angle Angle
21 52 53 21 52 53
(deg) | |@ea) |
0 -0.000 -0.000 -0.000 1 0 0.154 0.000 -0.154 1
15 -0.016 -0.010 -0.016 15 0.135 0.000 -0.135
30 -0.032 -0.020 -0.032 — | 30 0.126 0.000 -0.126 i
45 -0.043 -0.027 -0.043 45 0.102 0.000 -0.102
311} nnecq nnaz nnecq i 311} nnee n nnn nnee i

) o) [
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The superstructure temperature load tab is shown below.

Back Span

M Superstructure Environmental Loads - Pier1 - 2-Colurnn Pier

Span Mo

Superstructure Definition:

1

RC Slab Syztem

Ahead Span
SpanMo.:

Superstucture D efinition:

Input

wS-Super | wS-Over | WL | TU

[sH_|

2

RLC Slab Spstemn

Lo @]

Fier skew: | 0.00 Degiees

Loads

Temperature rise:

Temperature fall;

Temperature rize force:

1000000

AASHTO LRFD Spec Article 3.12.2 Uniform Temperature

F

F

Unable to compute temperature change.

Application Type

@ Farce

kip
Temperature fall force; 100,000 Mg
Superstructure Longitudinal Force
[kipift)
&1 o2 53
Ris 4.444 2778 4444
Fal 4444 2778 4444

[ ok

l ’ Apply l [ Cancel

BrD does not compute the superstructure temperature load for you. You must enter your own
values for these loads.
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The superstructure shrinkage tab is shown below.

M Superstructure Environmental Loads - Pier1 - 2-Column Pier EI@
Back Span &head Span Fier skawe |0.00 Degrees
Span Mo 1 SpanMao: 2
Superstructure Definition:  RC Slab System Superstiucture Definitior:  RC Slab Spstem

wS-Super | wSOver [wL [ TU | SH |

Input
AASHTO LRFD Spec Article 3.12 Shiinkage
Application Type

@) Force

Load:

Shiinkage force = 100.000

Superstructure Longitudinal Force
(kip/ft)
51 52 S3
4444 2778 4444

) (o ) (o

BrD does not compute the superstructure shrinkage load for you. You must enter your own
values for these loads.
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Substructure Loads

Open the Substructure Loads window.

@ Bridge Workspace - RCTrainingBridgel

(o @ |ms)

=} M RCTrainingBridgel
i (L1 Materials
|afr| (L] Beamn Shapes
w (L] Appurtenances
. [] Diaphragm Definitions
....... (] Lateral Bracing Definitions
=1 Impact / Dynamic Load Allowance
------- MFF LRFD Multiple Presence Factors
w-- (L Factors
tow (] LRFD Substructure Design Settings
....... Ec Environmental Conditions
OF Design Parameters
o (L] SUPERSTRUCTURE DEFIMITIONS
=} [ BRIDGE ALTERMATIVES
i D Bridge Alternative #1 (E) (C)
. M RC Slab Systern Alt
G (] SUPERSTRUCTURES
....... T Stiffness Analysis
=} [_] PIERS
i TT Pierl
o (L PIER ALTERNATIVES
& TT 2-Column Frame (E) (C)
- LT Default Materials
....... ﬁ Geometry
|J;| W Cap
i (21 COLUMNS

¥ 4 Substructure Loads

“ gHe Superstructure Loads

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

M Substructure Loads - Pier1 - 2-Column Pier EI@
Back Span &head Span Fier skawe |0.00 Degrees
Span Mo 1 SpanMao: 2
Superstructure Definition:  RC Slab System Superstiucture Definitior:  RC Slab Spstem
WS5Sub | TU & SH|
Input
AASHTO LRFD Spec Article 3.8.1.2.3 Forces Applied Directly to the Substucture
Base wind pressure;  0.040 [ Friction welocity, VO | 2.20 mph
Tap of cap elevation: | 15.000 ft Friction length, 20: | 0.23 ft
Battom of cap elevation: | 15.000 ft Base design wind velacity, wB: | 100.00 mph
Ground elewation: it Wap: (100.00 mph
Loads for Wind from Left to Right
Dizplay
@ Computed () Overide [T Use overide values
Design PO
Component| Height (ksf)
Z(ft)
Cap 0.040
Column 0.040
Columnz 0.0:40
a
Wind Skew Wind Skew Wind Skew Wind Skew Wind Skew
Angle (deg) Angle (deg) Angle (deg) Angle (deg) Angle (deg) |E
Component T
0 15 30 45 &0
PDLong| PD Tran | PDLong| PD Tran | PFD Leng| PD Tran | PD Long| PD Tran | PD Long| PD Tran
(ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf)
Cap 0.040 0.000 0.039 -0.010 0.035 -0.020 0.0z8 -0.0z8 0.020 -0.035
Column 0.040 0.000 0.035 -0.010 0.035 -0.020 0.028 -0.028 0.020 -0.035 7
T
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The substructure temperature and shrinkage tab is shown below.

M Substructure Loads - Pier1 - 2-Column Pier EI@
Back Span &head Span Fier skawe |0.00 Degrees
Span Mo 1 SpanMao: 2
Superstructure Definition:  RC Slab System Superstiucture Definitior:  RC Slab Spstem
WS-Sub| TU&SH
Input
AASHTO LRFD Spec Article 3.12.2 Uniform Temperature AASHTO LRFD Spec Article 3.12 Shrinkage
] &pply to foundation |1 &pply to foundation
Temperature rige; | 48.00 F Coefficient of shrinkage:
Temperature fall: | 22.00 F
Loads
Dizplay
@ Computed () Oweride [ Use overide walues
Uniform Temperature
Strain Due to | Strain Due to Calcs...
ETIITTE] Temp. Rise Temp. Fall
Cap 0.0002880| -0.0001320
Columni 0.0002880 | -0.0001320
Column2 0.0002880 | -0.0001320
Shiink.age
Component | Axial Strain Calcz...
Cap
Column‘
Column2
o) [ror ) [_coee

Click OK to close the window.
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Pier Analysis

We are now going to select the loads to be included in our analysis. Open the Load Combination
Settings window from the right-click menu for the pier alternative or from the BrD Substructure
toolbar.

Substructure Toolbar =]
Preliminany v“ JE AL | W E &

This window allows you to specify the load conditions to be considered when BrD performs the
pier analysis. We will use the following default selections.

M Load Combination Settings - 2-Celumn Frame EI@
LRFD Substructure Design Setiings; | Prefiminary Design Setting (US] LRFD Factars: |2010445HTO LRFD Specifications
Chosen limit states: Settings
STRENGTHA Water Levels Wind Direction Additional Combinations
[C1STRENGTHHI [ Low Left ta right Check overall stability
Eglggng;::'ﬂ‘ [ Mean [ Right ta left Check for deformations
[E]5TRENGTHA [¥] Design flond
[E]SERYICE-| ] Check flood Wind ngles
[F1SERWICE- 0 Degrees
SERWICE-I
ESEHVIEE-IV Temperature Chahge [C]15 Degrees
[EIFATIGUE Rize [7] 30 Degrees
[C]FATIGLIE-I Fall [] 45 Degrees
[C]E=TREME EVEMT-
[E]EXTREME EVENTI ("] B0 Degrees
[7] Consider simplified wind loading
Open Save
Template... Template. ..
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Another window that allows you 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 in the BrD Substructure
toolbar.

Substructure Toolbar =]
Preliminary v|| P, A [ W = &

i =

&M Load Palette EI@
Input |nput
IJze Defined Owermde Ilze Defined Owerride
oC [ v EH Active [V M
D' [ o EH At-Rest [ M,
LL & o
FL [ "
TU [ X
BR [¥ o TG [ M,
CT ¥ M SH [¥ iy
Wwid [V o CR ¥ M,
ws [ v SE @ M
Wl [¥ o FR [ oy
oV [V M
| Selectall | | Clearaul | ‘ Temiae H Templats ‘ | ok || cancel

The Load Palette can be very useful when you want to evaluate individual load types on the pier
and when you want to minimize the time required for analysis.

If you do not check the “Use” box for a load type, the load type will not be included in the pier
analysis nor in the load combinations computed by BrD. 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 your pier. They will be
ignored if they do not apply to your pier.
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The pier can be analyzed by selecting the name of the pier alternative in the bridge workspace
tree and clicking the Analyze Substructure in the BrD Substructure toolbar.

Substructure Toolbar [&]
Preliminary v| AL @y E &

Substructure Analysis Progress

FEA - Adding load cases... <
FEA - Yerifying finite element model...
FEA - Performing linear solution...
FEA - There are 22 load cases to process...
FEA - Analysis is started...
FEA - Analysis is approximately 10.0 percent complete [less than a minute remaining]...
FEA - Analysis is approximately 20.0 percent complete [less than a minute remaining]...
FEA - Analysis is approximately 30.0 percent complete [less than a minute remaining]...
FEA - Analysis is approximately 40.0 percent complete [less than a minute remaining]...
FEA - Analysis is approximately 50.0 percent complete [less than a minute remaining]...
FEA - Analysis is approximately 60.0 percent complete [less than a minute remaining]...
FEA - Analysis is approximately 70.0 percent complete [less than a minute remaining]...
FEA - Analysis is approximately 80.0 percent complete [less than a minute remaining]...
FEA - Analysis is approximately 50.0 percent complete [less than a minute remaining]...
FEA - Analysis is finished...
FEA - Total Analysis time = less than a minute
FEA - Successful finite element analysis.

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.
Processing STRENGTH-I
Finished generating 96 LAFD combinations...

m

Analysis completed!

4l i [}

. Pt || ok |

If the pier was analyzed successfully, you can see the “Analysis completed!” in the Substructure
Analysis Progress dialog.
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Specification Checking
Now that we have our loads selected, we can analyze our pier and do a spec check.

Select “Spec Check” from the toolbar.

Substructure Toolbar =]
Preliminany v|| P, A W |E &

The Validation window will appear to alert you to any missing data. Click the Continue button to
continue with the spec 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.

Substructure Analysis Progress

-Component 2 of 5-Columnl o
- Location - 0.0000 [f{)
- Location - 15.0000 [f)
- Component 3 of 5-Column2
- Location - 0.0000 (f{]
- Location - 15.0000 [fy)
-Component 4of 5-Columnl:10x 10 Fig
- Location - Spread Footing
- Location - Footing Longitudinal Moment Section
- Location - Footing Transverse Moment Section
- Location - Footing Longitudinal Shear Section
- Location - Footing Transwverse Shear Section
- Location - Column Punching Shear Section
-Component S5of 5-Column2:10x 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
Completed Specification Check.
‘Writing Specification Check results.
Completed.

m

Substructure specification check successfully completed!

. Pit || ok

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

Substructure Toolbar

Preliminary v“ Py, A 1y E

]

™ Specification Checks for 2-Column Frame - 303 of 423 EI@
BD Pier Component * | Specification Reference Limit State  Flex. Sense Pass/Fail it
B"agp 0.00 & +" 5.10.8 Shrinkage and Temperature Reinforcement MN/A Passed =
D 2'00 f'tl 5.4.2.5 Poisson's Ratio N/A General Cormp.
{:l 2'32 &' 5.4.2.6 Modulus of Rupture MN/A General Comp.
' ' 5.54.2 Strength Limit State - Resistance Factors MN/A General Comp.
... 2.51 ft. !
g 150 5.7.2.2 Rectangular 5tress Distribution MN/A General Comp.
1 375t +" 5.7.3.2 Flexural Resistance (Reinforced Concrete) MN/A Paszed
7.3.3.2 Minimum Reinforcement / asse
01 447t +* 57.3.3.2 Mini Reinf N/A Passed
W0 488 [l 5.7.3.4 Control of Cracking by Distribution of Reinforcement M/A Mot Required
00 498 f. ~" 5.7.3.4(a) Lengitudinal Skin Reinfercement N/& Passed
LI 500t " 58.2.1 Torsion N/A Passed
-] 615ft Cracked_Moment_of_Inertia Section Property Calculations Positive Flexure  General Comp.
LI 733 Cracked_Moment_of_Inertia Section Property Calculations Megative Flexure General Comp.
I 1350t =| | + 510.8 Shrinkage and Temperature Reinforcement MN/A Passed
-] 22.00ft. 5.4.2.5 Poisson's Ratio N/A General Comp.
-3 2232t 5.4.2.6 Modulus of Rupture MN/A General Comp.
D 2253 ft. 5.5.4.2 Strength Limit State - Resistance Factors MN/A General Comp.
-0 B 5.7.2.2 Rectangular Stress Distribution N/A General Comp.
-0 2501 +" 5.7.3.2 Flexural Resistance (Reinforced Concrete) N/A Passed
g i::: : + 5.7.3.3.2 Minimum Reinforcement N/A Passed
{:l 24'9? &' 14 5.7 3.4 Control of Cracking by Distribution of Reinforcement /A Not Required
D 25'00 &' +" 5.7.3.4(a) Longitudinal Skin Reinfoercement MN/A Passed
‘ ' +" 5.8.2.1 Torsion M/A Passed
-1 2615t
L3 27.00ft Cracked_Moment_of_Inertia Section Property Calculations Positive Flexure  General Comp.
-3 Columnl Cracked_Maoment_of_Inertia Section Property Calculations Megative Flexure General Comp.
-0 Columnl:10 %10 Ftg +" 5.10.8 Shrinkage and Temperature Reinforcement MN/A Passed
@23 Column2 54.2.5 Poisson's Ratio MN/& General Comp.
.7 Calirmn?10 w10 Fin 5.4.2.6 Modulus of Rupture N/A General Comp. &2

Spec Check Detail for 5.7.3.2 Flexural Resistance (Reinforced Concrete)

IS Concrete Structures

5.7 Material Properties
5.7.3 Flexural Members
i

7
7

Cross Section Properties

Depth = 6.00(in)
Width = 48.00(in)
Area = 1728.00(in*2)

Flexural Reinforcement

As Dist. From
Bottom
{in~2) {in)
4.74 33.00
2.40 3.00

Last Modified: 8/11/2015

.3.2 Flexural Resistance
{ALSHTO LRFD Bridge Design Specifications,

Pier Cap Section - At Location = 2.0000 (£t) - Left

RC Pier Supporting Slab System - 68

Fifth Edition - 2010, with 2010 interims)

m

AASHTOWare BrD 6.7



