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BrD Substructure Capabilities

* Describe/spec check 4 types of piers

* LRFD Specifications
* 4t Edition, 2008 interims through 9t Edition

* Integrated with BrD Superstructure or stand-alone pier
* Load transfer from BrD Superstructure

* Computed loads or user defined loads

e User control of loads and FE model
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BrD Substructure Capabilities

e Schedule-based reinforcement with development length calculations
* Pier — Linear finite element analysis, moment magnification

* Drilled Shaft — Nonlinear finite element analysis

* Load combination generation

e Tabular and graphical FE results
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Four Types of Piers

Frame Solid Shaft

3D Schematic 3D Schematic — 0O x
ﬂ e @ | Q) Linear - ﬂ P e & | &) Linear e
i head Superstructure Beference Line
Stat Oﬂ.B_ ea p R’E._h_____‘_” - 54 L F||_-__'-.|_'|:r:JJ_15_;_;L|L_i nal Axis
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Four Types of Piers

Wall Pile Bent
3D Schematic 3D Schematic — 0O X
Hw tr e @ @ Q) Linear v Myt e @ @ &) Linear v
Station Ahead . Station Ahead

Superstructure Reference Line GE .
——— e _14__ l T, ___:-;_._._;______. .
G2 - T
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Foundation Types

* Spread
* Pile
* Drilled Shaft

% Mew Foundation Alternative Wizard

o

Spread Footing

Single Drlled Shaft

3D Schematic

Hy e @ © | Q) Linear

Cancel

— 0O

Pier Longitudinal Axis

AASHIO Ware™

DESIGN AND RATING




RADBUG 2024 | August 6-7 | Buffalo, NY

i Pier Alternative - MORTH PIER WALL

Stand-Alone Pier

%

Mame: MNORTH PIER WALL Typer  RC Wall Pier ;'

Description Stiffness Beports Eearing location J

* User defines girder locations )
Mumber of girders: 70

e User enters dead load reactions & Distanc from . per o CL bearing lner | 0500 | b

superstructure loads o £

. . N (ft) -

* User enters live load pier reactions S {

a2 13.105

* BrD distributes user defined LL lanes 63 23,504 r

. a4 34.083 f

to the girders . o )

6 55.062 1

o7 65.551 *

|

P Sy A P W
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Integration with BrD Superstructure

Workspace - O =

Eridge Components

* Automated dead and live load computations : g wosemessmis
#- [ Components
* Dead load and live load transfer from BrD o e

- MFFLRFD Multiple Presence Factors

S u p e rSt r u Ct u re - E& Environmental Conditions

~ =« OF Design Parameters

- & SUPERSTRUCTURE DEFINITIONS
Create a superstructure definition »| B tmf Superstructure 1

= &) BRIDGE ALTERNATIVES

_J = My FHWA Alt 1 (E}) (C)

) = = FHWA Su perstructure

B [ SUPERSTRUCTURE ALTERMNATIVES
>I T FHWA Super Alt 1 (E) (C) (Superstructure 1)

J IL T Stiffness Analysis
- | PIERS

T" &) SUPERSTRUCTURES

[Assign to a superstructure alternative

) B TT Pier 1
. . Ié} [ PIER ALTERMATIVES
Piers support the superstructure alternative b L T Pier 1 Hammerhead () (©
) ~ &I Default Materials
ﬁﬁecmetr}r
[+ W Cap

N v . #- W Columni
I O I GS - g Superstructure Loads
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Live Load Generation

* Longitudinal live load analysis
e 2-D “line” analysis of superstructure to generate influence line
* Single lane reaction without distribution factors
* Piers supporting 2 independent superstructures are handled

AA [0 Ware™
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Live Load Generation

M Superstructure Loads-Pier 1-Pier 1 Harnmerhead

Span no.: 1 Span no. ?

i
* Transverse live load analysis | e Ahead span b
i User CO nt rOIS Iane a pplication Superstructure definition:  Superstructure 1 Superstructure definition:  Superstructure 1 j

DL FR LL settings LL-reaction LL-distrnbution BR

Live loading type

User defined lanes n Scan for controlling load positions

I

{

-

0 Automated r
4

Transverse Loading

Wehicle increment in lane: 2.000 ft

Lane increment: 4,000 ft 4
. o«
Maowve wehicle right to left across travelway: -

Load pattern description Live load positions 4
Load o Load pattern: ,

— Description

pa MNumber of vehicles: '4

Distance
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Live Load Generation

M Superstructure Loads-Pier 1-Pier 1 Harmmerhead

Back span Ahead span

* Transverse live load analysis

® User Contr0|s distribution Of Superstructure definition:  Superstructure 1 Superstructure definition:  Superstructure 1
single lane reaction

Span no.: 1 Span no. 2

DL FR LL settings LL-reaction LL-distnbuticn ER

. "“.J—r%ﬂ*‘)“r . T

- B2 B2
Distribution method 20 0 [eor
o Tributary area WI l 1
Lever rule ¥ v
o ) 10"1ane
Rigid deck action w = (Reaction - P) ;
' .
Loads {
1
Display l
o Computed Override Use override values Owverride... -
Without dynamic load allowance g

Single lane | Axle lcad | Uniform
Vehicle Vehicle type reaction load P load w
(kip) kip)  (kip/f)

“ . : > HL-93 (US)  Truck + Lane 0000 32000 13497
DI OM"GS HL-93 (US) = Tandem + Lane 0000 25000 12069

{
M-_.Mm“q
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Schedule Based Reinforcement

* BrD computes the development length and takes it into consideration

in the spec checks

D Cap Reinforcement - Pier 1 - Pier 1 Hammerhead

Flexural Shear
Longitudinal skin

Bar size: & e Bar spacing:  2.000 in  Bar material: Grade 60 o

Primary flexural

Reinforcement input method

o Simplified Advanced n Reinforcement follows cap profile
Measure Vertical Start Straight
Set from ca distance | Barsize | Mumber Material distance = length
P n) G (f)
>1 | Tep b 3830 11 v 10,000 | Grade 60 -~ 0500 45500

Tep - 4240 11 10,000 | Grade 60~ 0.500| 45500

ProMiles

Bottom 36258 v 5.000 | Grade 80~ 0500 45500

A PFUr T T T ey i ik . S seesdndest o aoaian. & 0000 s 0 maianamiele L L

Stirrup clear cover:  2.5000

End

distance

(ft)
46,000

45.000

46,000

Hook at | Hook at
start end
8 a8
8 a8

Developed = Developed
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3D Schematic — 0O X

Pier Schematic

* Dimensions .
* Zoom | 32 /J '*_rLiw
* Rotate | —
* View FE model :
* View FE results

M L. I
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™ Superstructure Environmental Loads - Pier 1 - Pier 1 Hammerhead

Pier Loads

Span no. 1 Span no.

Superstructure definition:  Superstructure 1

¢ CompUtEd for you Or WS-super  WS-over WL Tu SH
enter yOur OWﬂ Input

AASHTO LRFD Spec Article 3.8.1.2.2 Loads from Superstructure

Superstructure definition:  Superstructure 1

M Superstructure environmental load generation progress

Transverse load distribution option:  Fixed 8 Expansion Bearings Friction velocity, WO 12.00 mph
Transverse superstructure length: 120.000 ft Friction length, ZO: 8.20 ft
Info: Getting computation event... g - - TRE . N - S—— -
. . uperstructure design elevation: 35.504 t Base design wind velocity, VB: 10000 mpl
Info: Using created model domain... P g & Y
Computing forees for Wmd_ on Superstructure... Design height, Z: 30,004 ft W20 100.00 moh
Computing forces due to wind acting on the superstructure...
Info: Wind on superstructure forees computed successfully! Override design height, Z ft
Info: Getting computation event...
Info: Using created model domain... _ _
Generating model loads for Wind on Superstructure... Loads for wind from left to right
Computing forces due to overturning wind acting on superstructure... )
Info: Overturning wind on superstructure forces computed successfully! Display
Info: Getting computation event... : Override... Calcs...
5 B o Computed Override Uze overnde values -

Info: Using created model domain...
Computing forces for Wind on Live...
Computing forces due to wind acting on the live load...

Info: Wind on live forces computed suceessfully! Slemmdioiizs e el sies g

e R A N M A AR

Info: Getting computation event... Wind
Info: Using created model domain... skew angle G1 G2 G3 G4 G5
Generating model loads for Temperature on Superstructure... (Degrees)

Generation of model loads will use User-Defined forces due to tempera

Skipping computation of forces due to temperature effects on the supe > 0 12.188 12.188 12.188 12,188 12.188

15

10,725 10.725 10.725 10.725 10,725
T e T Y W———— I T Y SO W
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% WindLoadReactions2

Pier Loads

e Reports are available for all
computed loads

M LRFD Substructure Example 4

=-LRFD Substructure Exam ple 4
= FHWA Alt 1
I£---|3i.er 1
-Pier 1 Hammerhead
-5ingleLaneReactions
~Cap LRFD Reinf Dev Length Calcs Log File
~Caolumnl LRFD Reinf Dev Length Calcs Log File
~SuperDLReactions2
~5ubDLReactions2
-~ FrictionReactions2
~Live Load Patterns
--BrakingForceReactions2
~WindCnSubReactions2
~WindLoadReactions2 (Tuesday Jul. 30, 2024 15:44:13)
- SuperOverturnReactions2
~WindCnliveReactions2
~WaterOnSubReactions2
- ShrinkageOfiuperReactions2
~ShrinkageOf5ubReactions2
~TemperatureOnSuperReactions2

SUPERSTRUCTURE ENVIRONMENTAL LOADS: WS-SUPER

AASHTO LRFD Spec Article 3.8.1.2.2 Loads from Superstructures

BackAhead Span

Superstructure Design Elevation Calculation
Maximum bearing elevation - 30.50 ft
Superstructure depth at pier - 6.69 ft
Appurtenance height - 3 50 ft
Superstructure design elevation = 3559 ft

Design height, Z Calculation
Superstructure design elevation - 35 59 ft
Finished ground elevation : 5.50 ft

Design height Z = 3559 - 550 =30.09 ft

INPUT:

Transverse load distribution options : Trans. forces carried by both fix and exp bearings
Transverse superstructure length - 120.00 ft

Superstructure design elevation : 35 59 &t

Computed design height, Z = 30.09 ft

Owerride design height, Z=n/a.

A simplified wind on live load loading is used: FALSE

Consider vertical reactions due to moment cansed by trans. forces: TRUE

DESIGN AND RATING
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User Control of Loads

™ Load Palatte — O >
* Load palette controls usage of o o
Use defined Owerride Use defined Override
|Oad typeS oc 4 v EH Active [ NA
ow [ v EH At-Rest [ NA
T - | v
A | X
U (| X
| v TG [ | NA
c @ NA SH (| X
wa [ v CR [ | NA
ws @ v SE [ | NA
I - | v FR (| X
oV [ | NA
Select all Clear all Open template . Save template oK Cancel

AASHIO Ware™

ProMiles EIBRIDGE
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User Control of Loads

™ |oad Combination Settings - Pier 1 Hammerhead — O X
g Loa d CO m b i n at i O n S Ca n LRFD substructure design settings:  Preliminary Design Setting (US) LRFD factors: 2010 AASHTO LRFD Speafications
be CO nt rO | |ed Chosen limit states A Settings
STRENGTH- Water levels Wind direction Additional combinations
Low B L=kt toright B3 cCheck overall stability

STRENGTH- Mean Right to left u Check for deformations

cnn e n Design flood

- Check floed

Temperature change Wind angles
e n Rise n 0 degrees
SERVICE- 3 - 15 degrees
30 degrees

R 45 degrees

SERVICE 60 degrees

SERVICE-I\ . Consider simplified wind loading Open template..  Save template..

Cancel

ProMiles
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Finite Element Model

3D Schematic — 0O %

 Generate and view the
FE model before analysis

ProMiles
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Finite Element Analysis

* First order elastic analysis

* First order elastic analysis with moment magnification
* Non-linear analysis — only piers with drilled shafts

* Load combination generation

* Force envelope generation

D M'l - AASHIOWare"
I O I ES DESIGN AND RATING
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I a b u I a r Re S u |tS : @ C:EUsersiHermanLee\Dncuments‘-.AASHTGWareiBrDR?E‘aLRFDSubstructureF_xampIediFHWAAItHPierHPieHHam’.
& C\Users\HermanlLee\Docu... * ._,

o
Specification Check Summary f
™ Tabular Results - New Tabular Report 1
Article Status :
Report Cap Flexure (5.7.3.2,5.73.32) Fail «
New Open p. S Cap Shear (5.8.2.5.5.82.7, 5833, 5.83.9) Fail f
Cap Serviceability (5.7.3.4 crack, 5.7.3 4 long skin, 5.10.8 shnink & temp) Pass -
Model Loads Reactions Displacements Forces Envelope Spec check results Cap Faﬁg“e {5'5'3'2} Pass ]
Column] Biaxial Moment Interaction (5.7.4.3) Pass -
Columnl Shear (5.8.2.5.5.8.2.7.5.83.3,5.83.9) Pass
Modes Column1 Serviceability (5.10.8 shrink & temp) Pass r 4
EE‘”_”S | Columnl-Pile footing Pile Forces (5.13.3.2) Pass <
section propertes Column1-Pile footing Flexure (5.7.3 2, 5.7.3.3 2) Pass <
Materizls Column]-Pile footing Shear (5.8.3.3.5.13.3.6.3,.5.8353) Pass F
Supports Column]1-Pile footing Serviceability (3.7.3.4 Crack_ 5.10.8 shrink & temp) | Pass
Member releases Column1 Pile footing Fatigue (5.5.3.2) Pass
Load cases
Select all Clear all NR = Spec check not required at this location ;

Cap LRFD Analysis Spec Check Results
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—Ox

Graphical Results ...

Hy tr e @ © Q) Linear v

41

StationgAhead
(B view Results — O "

Display

Mame

Limited state envelope
P bl Superstructure DC _
0 Load case

Superstructure DW
Load combination
Substructure Self Weight - DC

Action LL1T DV:1
Axial LL2 T Dv:2
Compression Wl ~ LL3 T DV:3
Tension B - LLA T DV
O shearyy W~ LL5 T DV:5
Shear zz - LLE T DV:6
Bendingyy M - LL7 T DV:7
Bending zz B - LL8 T DV:8
Tersion | LL9 T DV:a .
Deflection LL10 T DV:10 I_. |
LL11 T DV:11 L

114 AT MmAi44

Auto apply
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Specification Checks

M Specification Checks for Pier 1 Hammerhead - 11 of 273

Articles
\Oj P, All articles e
Froperties Zenerate Format
Bullet list v
Specification filter Report

4 || Pier Component Specification reference

®|_|Cap +" 5.10.8 Shrinkage and Temperature Reinforcement
4 | Column 5.4.2.5 Poisson's Ratio

{4 0.00 ft. 5.4.2.6 Modulus of Rupture

|1 15.00 ft. 5.7.2.2 Rectangular Stress Distribution
4 |_j Column:Pile footing " 5.7.4.2 Limits for Reinforcement

|4 Pile Footing |/ 57425 Biaxial Flexure

| Footing Longitudinal Moment Section  5.8.2.1 Torsion

i Footing Transverse Moment Section W 5.8.2.5 Minimum Transverse Reinforcement

Footing Longitudinal Shear Secti
\f Footing Fongrtudinal shear section v 5.8.2.7 Maximum Spacing of Transverse Reinforce

+" 5.8.3.3 Nominal Shear Resistance
5.8.3.4 Procedures for Determining Shear Resistay

|| Footing Transverse Shear Section
[ Column Punching Shear Section
|| Pile Punching Shear Section

ProMiles

E Spec Check Detail for 5.7.4.3 Biaxial Flexure — O >

-
Bnalyais of the full crogs section (Doe3s not meet minimum reinforcement regquirement
Limit State Load Pu Mux Muy Mur
Combination kip kip-ft kip-ft kip-1
STR-I 69 35659.38 -2168.78 5081.28 5533.¢
STR-I 69 3569.38 -21658.78 5091.258 5533.¢
STR-I 69 35659.38 -2168.78 50%1.258 5533.¢8
STR-I 69 35659.38 -2168.78 5081.28 5533.¢
STR-I 145 2226.48 =1020.60 -8166.03 B229.3
STR-I L 3015.18 -1020.60 -8166.03 B229.5
STR-I 133 2226.48 -1020.60 8l1e6.03 B229.5
STR-I 45 3019.18 =1020.60 81e6.03 B229.3
STR-I &9 2150.18 -1020.60 684859.93 £965.1
STR-I 113 2614.28 -2168.78 4205.73 4812.1
STR-I 25 3406.98 -216858.78 4265.73 4812.1
STR-I 157 2776.68 -2168.78 50%81.238 5533.¢
STR-I 69 35659.38 -2168.78 5081.258 5533.¢
STR-I 157 2776.68 -2168.78 5081.28 5533.¢
STR-I 153 2552.50 -1701.00 25£2.75 S004.8
STR-I 65 3345.20 -1701.400 8542.75 S004.8
STR-I 153 2552.50 -1701.00 8842.75 So04.8
STR-I 65 3345.20 =1701.00 8842.75 S004.8
STR-I 153 2552.50 -1701.00 8542.75 S004.8
STR-I 173 2552.50 -1701.00 -8842.75 So04.8
STR-I E5 3345.20 -1701.00 -8842.75 So04.8
STR-I 173 2552.50 -1701.00 -8842.75 S004.8
STR-I g5 3345.20 -1701.00 -8842.75 S004.8
STR-I 173 2552.50 -1701.00 -8842.75 So04.8
STR-I 65 3345.20 -1701.00 25£2.75 S004.8
STR-I 65 3345.20 -1701.400 8542.75 S004.8
STR-I 1 2942.88 -1020.60 68859.93 6965.1
STR-I 25 3406.98 -21658.78 4285.73 4812.1
Bnalyais of a voided cross section to satisfy Article 5.7.4.2 Limits for Reinforcen
Limit State Load Pu Mux Muy Mur

Combination kip kip-ft kip-ftc kip-1I o
] >

OK

DESIGN AND RATING




RADBUG 2024 | August 6-7 | Buffalo, NY

Drilled Shaft Analysis

* Linear analysis

* FE model stops at the base of the columns
* Unfactored load cases applied to the pier

e Superposition and load factors used to combine into factored loads to find
critical load combinations

* Factored and combined loads applied to the pier as load cases
* Soil layers are described

* FE model includes the drilled shaft and rock sockets

* Non-linear analysis of this model

AA [0 Ware™

[ProMliles E1BRIDGE
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Superstructure Integral with Pier

{
* Only available for RC Slab System and N ‘)
Concrete IVICB Frame structure simplified definition
. . . 0 Integral with substructure (
o Pler Stlffness IS InCIUdEd In the FE mOdeI ﬂConsidersubstructureskewinFEgectianererties
Mot integral with pier /
for the superstructure
* Pier itself is not analyzed or spec-checked {

ProMiles EIBRIDGE
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Help

* AASHTO LRFD Subst

ructure Method of Solution Manual

AASHTO LRFD Substructure - Adobe Acrobat Reader (64-bit) -

a o

1k} TabIE Of CONEENTS .....vevecveveceeecaemreseseeeesesesseseseseesssseessesessesessssssesnens

File Edit View Sign Window Help

Home Tools Document ﬁ 6,-5 B = Q 2 /18

H Introduction

Assumptions and Limitations ..

Method of Solution.......cccccevviveenne

2
1
.2
3
Model Generation.............cooiiiiiiiiiie e 3

TOIMINOIOFY . e e e e s e n e eneemn e s e enessrene 3
Global Coordinate System.....

Local Coordinate System.......

Member Properties

Load Management

Definitions

14 Force Transfer to Substructure ... 30
Horizontal Loads....

Load Summary
LOads <.
Substructure Self-Weight (DC)
Superstructure Dead Load Reactions (DC, DW) ..
Live Load Reactions (LL)

Pedestrian Live Load

Dynamic Load Allowance (IM) ...
Braking Force (BR)....

Water Loads (WA).

Wind Load (WL and WS) ...
Uniform Temperature (TU).....
Shrinkage (SH)

Settlement (SE) .

Sign In

a

Cantilever Cap Span: Interior Cap Span; Cantilever Cap Span:
Divided into 4 Divided into 2 Divided into 2
rm equal elemenis WT emens
* * * v d *
: H : '

Face intersection node lumn Segment: Column Segment:
ivided into 5 Divided into 1
qual elements equal element

Column Segment:
Divided into 2
equal elemeants

I ] [

WL

Transverse Force

Two Way Shear Spec Check
Article 5.13.3.6.3

v, =| 0063+

(5.13.3.6.3-1)

0.126

fb,d, <0126fbd,

[

V=@V,

‘ — =D
Mo
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What’s Coming in BrDR 7.7

* Reinforced concrete pier cap LRFR analysis
* LRFR factors
e Additional inputs for load rating purpose including deterioration profiles
e Adjacent vehicle analysis and NSG vehicle analysis

M Piar Altamnative - Pier 1 Hammerhead - M X
Name: IPierT Hammerhead Type: | RC SolidShaft Pier
‘ Description H Specs ” Factors H Control Options h Stiffness ] Reports )
lysi : : | .
fna ys;;p:zemod Analysis module Selection type \ Spec version Factors
’ ASD v | System Default ~

LFD ~ | System Default ~

AASHTO LRFR | System Default ~ | MEE 2 2027 LRFD St
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What’s Coming in BrDR 7.7

* Substructure Bridge Workspace architecture revisions

* Associating pier alternatives to link certain pier geometry and data between
alternatives

e User fully enters a pier alternative for a pier. This pier alternative is
considered as the control pier alternative.

* For another pier within the same bridge alternative, user creates a new pier
alternative of the same type and associates this new pier alternative with the
control pier. This pier alternative is considered as the dependent pier
alternative.

AASHIO Ware™

ProMiles EIBRIDGE
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What’s Coming in BrDR 7.7

e Substructure reinforcement data entry revisions
* Control point data entry method

—Data entry method

©) Distance @ Control point
Start control _Star‘t End control _ I Length Honky e Developed | Developed | Follows
et | Pattern int distance pint distance () at at St start atend rofile
- (ft) s (ft) start | end ;
1 | Def #1 [+ Bottom of column  |~|| -3.00 Bottom of column « 700 10.00 ¥l [l [ ] [l
2 | Def #1 |~| Bottom of column w 0.00 Bottom of column w1500 15.00 E ﬁ E ﬁ E
3 | Def #1 |+| Top of column v -10 Top of column ~[| 3.00 13.00 [l i [l ] L]

AASHIO Ware™

ProMiles LI BRIDGE
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What’s Coming in BrDR 7.7

e 10 Additional Substructure TAG enhancement requests
* 3D Schematic - predefined plan view, show remforcement
* Copy/paste enhancement =
* Hexagon column shape

Station, Ahead

ProMiles
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Thank you for your time!

3D Schematic — 0O x

t"-“ e €1 | &) Linear v

Superstructure Reference Line Station Ahead
— 4
) ( . Pier Longitudinal
“~. G3 ~. T~y e
e . s
'\n.‘:::‘*‘

AASHIO Ware™

ProMiles EIBRIDGE
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