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BrD Substructure Capabilities

 Describe/spec check 4 types of piers
« LRFD Specifications
4t Edition, 2008 interims through
8th Edition
* Integrated with BrD Superstructure

or stand-alone pier
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BrD Substructure Capabilities

Schedule-based reinforcement with development
length calculations

Pier: Linear finite element analysis, moment
magnification

Drilled Shaft: Nonlinear finite element analysis
Load combination generation

Tabular and graphical FE results

BIE Bridge’
Design
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BrD Substructure Capabilities

 Four types of piers can be analyzed
Frame Solid Shaft

%  Pier 2 - 3-column pier - Pier Alternative 3D Schematic o [ B & % Pier 1 - Pier 1 Hammerhead - Pier Alternative 3D Sche...
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' BrD Substructure Capabilities

Wall

b Jo fE

Fany Pier 1 - Wall Pier - Pier Alternative 3D Schematic
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Pile Bent
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iy Pier 1 - Pile Bent - Pier Alternative 3D Schematic

W, o o

Qd & R E L

S HHET=THCIOTE MIETETETILE LIrTE

G4
Stafion Ahead
= .

[E3]

s

-

Br

Bridge’ ;;i\
Design

=
| —




Michael Baker

INTERNATIONAL

AASHTOWare BrDR User Group Meeting

BrD Substructure Capabilities

* Foundation Types:
« Spread
Pile
Drilled Shaft

& Pier 2 - 3-column pier - Pier Alternative 3D Sche... | =
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Stand Alone Pier

et

e BrD distributes user defined LL lanes to the girders

ser defines girder locations

ser enters dead load reactions & superstructure loads

ser enters live load pier reactions

AASHTOWare BrDR User Group Meeting

Pier Alternative - Frame

Dezcor

M arne:
iption | Stiffness

[Double bearing line

by g
M

& Pier 1 - Frame - Pier Alternative 3D Schemat..| = | & || &

Qded R E L

Frame

Feports | Bearing Locations

Mumber of girders: 8

Distance from CL Pier to CL bearing line
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Girder
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Integration with BrD Superstructure

e Automated dead and live load computations

 Deadload and live load transfer from BrD
Superstructure

il Bridge Workspace - LRFD Substructure Example 4 =1

—- EC Envircnmental Conditions Create d

- OF Design Parameters superstructure definition
= [:l SUPERSTRUCTURE DEFIMITION

- trf Superstructure 1
- (. BRIDGE ALTERMATIVES Assign toa

= £y FEJAS jpltE ; é_ErJHLCéTURES superstructure alternative

... T2 FHWA Superstructure
S [ SUPERSTRUCTURE ALTERNATIVES

L. T FHWA Super Alt 1 (E) (C) (Superstructure 1)
....... T Stiffness Analysis
5 [E3 PIERS
. TT Pier
S (Z] PIER ALTERNATIVES

i TT Pier 1 Hammerhead (E) (C)

Piers support the
superstructure alternative
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Live Load Generation

 Longitudinal live load analysis

2-D “line” analysis of superstructure to generate
influence line

Single lane reaction without distribution factors

Piers supporting 2 independent superstructures
are handled

BIE Bridge’
Design
—



INTERNATIONAL

- Live Load Generation

« Transverse live load analysis
« User controls lane application

o

M Superstructure Loads - Pier 1 - Pier 1 Hamm4
Back Span Ahead Span
Span Mo |1 Span Mo 2
Superstructure Definition; | Superstructure 1 Superstructure Definition; | Supe

DL FFR LL Settings | LL-Reaction = LL-Distribution = BR

Live Loading Type Scan for contralling load positions
() User defined lanes

(®) Automated

Tranzverze Loading

2.000 "

Yehicle increment in lane;

4.000 "

Lane increment;

bove vehicles right to left across avehway: [ |
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Live Load Generation

AASHTOWare BrDR User Group Meeting

« Transverse live load analysis
 User controls distribution of single lane reaction

Driztribution Method
(@ Tributary area
() Lever rule

() Rigid deck action
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Graphical Data Entry

M

Cap Geometry - Pier 1 Hammerhead
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Text Data Entry

™y

M Cap Properties - Pier 1 - Pier 1 Hammerhead o || =] &=

Description | Additional Loads

Cap Type: |Beam Shape Cap) Cap Top Configuration: | Sloped Cap Material | Class & [US]  w

[ ] Pedestals E=posure factor: |1 gon

CL Bearing Angle Between CL Bearing Seat
Member Station Member and CL Support Elewation
(ft) (Degrees) (ft)

G1 120.00 50.00 29.50
G2 120.00 50.00 29.50
G3 120.00 50.00 29.50
G4 120.00 50.00 20.50
G5 120.00 50.00 29.50

Cancel
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Schedule Based Reinforcement

* BrD computes the development length and takes it
into consideration in the spec checks

ALY Cap Reinforcement - Pier 1 - Pier 1 Hammerhead == w

P

Flemural | Shear

Longitudinal Skin

Bar size: |8 W Bar gpacing: | 8:.000  |in Bar material: | Grade &0 W Stirrup dear cover: | £,3000 i

Primary Flexural

Reinforcement Input Method Reinforcement follows cap profile
(®) Simplified

() advanced

et Measure I:‘;.fetrtical Bar Si Numb Materil D_Sttﬂrt SLtrﬂigt:t Oi Etnu:l Hook at | Hook at | Developed | Developed

= From Cﬂp 1) IEI:ICE.‘ ar s1Ze umeer Wateria 1) EI:ICE Eﬂg‘ 1= EI:ICE Start End at Start at End
(in} (ft) i ft) (ft)

1 |Top  |w) 3.830 |11 |»] 10.000|Grade 60 |w| 0.500| 45.500|  45.000 ] ]

2 |Top v 8.240 |11 |»] 10.000|Grade 60 |w| 0.500| 45.500|  45.000 ] ]

3 |Bottom |w) 3.625 |8 |»| 5.000|Gradegn || 0.500| 45.500 45000 [] ] ] ]

Duplicate Delete

idge’
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Pier Schematic
« Dimensions

Zoom
Rotate
View FE model

aly, a
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Pier Loads
Computed for you or enter your own

Superstructure Environmental Loads - Pier 1 - Pier 1 Hammerhead ElEE

Back Span &head Span Pier shewy | 000

Degrees
Span Mo |1 Span Mo |2 =

Wind Load B asis
Superstucture Definiion: | Superstructure 1 Superstructure Definition: | Superstiucture 1 Guzt zpeed (@ Fastest-mile :peed

WS-Super | WS-Over | WL Tu SH

Inpuit
AASHTO LRFD Spec Article 3.8.1.2.2 Loads from Superstucture

Tramsverse load distibution option: | Fixed & Expansion Bearings Friction velocity, W0: 12.00
Tranewverze superstiucture lengthe 120000 Friction length, Z0: 820

Superstructure design elevation;  24.594 Base design wind velocity, YE: 100.00

Design height, 2 29.034 w30: 100.00

Ovenide design height, 2

Loads for 'wind from Left to Right
Dizplay

(® Computed () Override [[] Use owveride values Overide. .

Wind Superstructure Longitudinal Force &
Skew (kip)

Angle
(deg) G2 G3 G4
1 . . . 12

15 725 725 725 1

L

< >

Wind Superstructure Transverse Force & Wind Vertical Reaction due to Transverse »
Skew (kip) Skew Force (kip)

Angle Angle
(deg) (deg)
0 I I I B 0
15 i 15

< AASHTOWare

Brid

Design

G2 G3 G4 G2 G3

Compute
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' Pier Loads

 Reports are available for all computed loads
, - - o IES

m ./' -\_I -"'-?"'v. = ) "_.ﬁ oy
LRFD Substructure Example \ :'J-I \! )| & C:\Users\KKennelly\D: © ~ C | = Ch\Users\KKennelly"Docum... | | 1Y, ok 1k

kn S

= LRFD Substructure Examples 4 File Edit View Favorites Tools Help

—--Fﬁ'ivk;i:’-‘-.-:t'l = M- Bl ~ =] @™ ~ Page~ Safety~ Tools~ lﬂlv

=J- Pier 1 Hammerhead SUPERSTRUCTURE ENVIRONMENTAL LOADS: WS-SUPER
- Substructurel nadsConpi a

- Cap LRFD Reinf Dew Let
- Column LRFD Reirf De{  AASHTO LRFD Spec Article 3.8.1.2.2 Loads from Superstructures

- WindOnSubR eactions1
- W aterdnSubReactions
- TemperaturednSubReac
- Shrinkage0fS ubReactiar

~superstuctureErvloads || BackAhead Spﬂn

- WfindLoadR eactions] (M

- SuperdvertumB eactions ] . . .
WindOrLiveReactions] || 2uperstructure Design Blevation Calculation

- TemperaturednSuperRe: | Maximum bearing elevation - 2950 fi

- Shiinkage0fSuperReacti | Superstructure depth at pier - 6.69 ft

- SuperStuctureloadsCont | Appurtenance height - 3.50 ft
Superstructure design elevation = 34 59 ft

i

Design height. £ Calculation

Superstructure design elevation : 34 59 fi

Finished ground elevation - 550 ft

Design height Z =34.59 - 550 =29.09 ft
<

B 100% -

ge
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User Control of Loads
* Load palette controls usage of load types

o Load Palette = || = | =

InipLat [t
Idze Defined  Oweride (NE Defined  Owemide

oC ~ i EH Active [ ] M,
D e
LL o
PL oy

] EH At-Fest[ ] M2,

BR [v]
cT [
Wiy [v]
WS [v]
Wl [v]

Open Save
Select All Clear Al Template Template Cancel ARSHTOWare
Br|!) Bridge
Design
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User Control of Loads
Load combinations can be controlled

r

Fau) Load Combination Settings - Pier 1 Hammerhead o || B £

LRFD Substructure Design Setings;  Final Design Setting [LIS] LRFD Factors: 2014 [201E interim] AASHTO LRFD £

Chosen limit states: Settings

STREMGTHA Wwhater Lewels "Wind Direction Additional Combinations

STREMGTH-II [ Lo Left ko right Check overall stability
STREMGTH-II ]
STREMGTH-IV [ Mean [ | Right to left Check for deformations
gEEE{EEETle Drezign flood

SERVICE-I [] Check flood Wind fingles
SERVICE-NI 0 Degrees

SERWICE-IW
FATIGUE- Temperature Change [ 118 Deqrees

FATIGUEAI Rize [ ]30Degrees
EXTREME EVEMT-

ExTREME EVEMT-I Fall [ 145 Degrees
[ |60 Degrees

[ ] Consider zimplified wind loading
Open Save

Template... Template...

Cancel
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Finite Element Model

« (Generate and view the FE model before analysis

Iﬂl Pier 1 - Pier 1 Hammerhead - Pier Alternative 2D Sche... | = | & || & |

b tr Jo [ QL e ™R [

Station Bhead
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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

BIE Bridge’
Design
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Tabular Results

N .

|:\ :')'\:9/'| 2 C\Users\KKennelly\Doc 2 = & || (& CAUsers\KKennelly\Docum... ‘ ‘ 1 oAk
File Edit View Favorites Tools Help

o S v B v [0 dm v Pagew Safetyw Toolsv @~

P

Fiin. | Tab

b d

Report Find:  limit stte | J | Options = | No matches found

Hew Dpen Save

Limit State Nodal Reactions

Model | Loads | Reactions | Displacements | F

Limit State: STRENGTH-I
Include in report

Digplay

Load Combination ID: 1
Load Combination Equation: LC 1 = 1.000 ( 1.25DC(1) + L.50DW(2) + 1.25DC(3) + L.75LL(4) + 1.75BR(404) + 1.20TU(414) )
| Fx W By W F2 Load Combination: DLmax,I.1.1 T DV:1,BR 1 Lane(Back),TU Sub - Fall

of M (W MY W ME

X vE Z X Y A
Force 9T | Force | Moment |[Moment| Moment

. ki B i A .
aip) | “P | adp) | ip-) | Gaipt) | Geip-R)
19 |37.80002943.241]-0.001|6890.057| 0.000 |-1020.600

Load Combination ID: 2
Load Combination Equation: LC 2 = 1.000 ( 1.25DC(1) + 1.50DW(2) + 1.25DC(3) + 1.75LL(4) + 1.75BR(404) + 1.20TU(415) )
Load Combination: DLmax, 1. 1.1 T DV:1,BR 1 Lane(Back),TU Sub - Rise

X vE Z X Y Z
Force orce Moment |Moment| Moment

. ki A A X
(ap) | &P (ip ) | (kip#) | (kip-f)
3780012943 241 A890.057| 0.000 |-1020.600

AASHTOWare

Bridge’
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Graphical Results

View Results

Digplay | \
% Pier 1 - Pier 1 Hammerhead - Pier Alternative 3D Sche.. | = | @ | = |

() Limit State Envelope

Superstructure DC
(®) Load Case Superstructure D
Substructure Self
LLT T D
Action LL2 T D2

() Aial LL3 T D3 _
LL4 T D4 Station Ahead
LLE T D5
LLE T D6
LL? T D7
LLE T Dv:a
LLA T Dv:e
LL10T D210
LL1T T D11
LL12T D2
LL13T D13
() Deflection LL14 T DV:14

() Load Combination

Compression

Tensian

(®) Shear yy

[ ) Shear zz

() Bending vy

() Bending zz

() Torsion

[ ] Auta spply

AASHTOWare

Bridge’

Design
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W Specification Checks

M Specification Checks for Pier 1 Hammerhead - 11 of 239 =Bl =™

=-{_] Pier Component Specification Reference Limnit State Flex. Senze

=20 Cap 5.8.3.4 Procedures for Determining Shear Resistan... hlA
0.00 . +" 5.2.3.3 Mominal Shear Resistance M,
222 : +" 5.8.2.7 Maximum Spacing of Transverse Reinforce... M/A

' 3.8.2.5 Minimum Transverse Reinforcement M A

3.34 ft,
13.50 ft. " 5.8.2.1 Tarsion N/A

-

15.50 ft. \i‘" 5.7.4.5 Biawial Flexure N_-'rﬂl.

23,25 ft, +* 53.7.4.2 Limits for Reinforcement M/ A

31. Spec Check Detail for 5.7.4.5 Biaxial Flexure

33

Analysis of the full cross section (Does not meet minimum reinforcement requirements of Article 5.7.4.2 Limits for Reinforcement).

4. Limit State Load Fu Mux Muy Mur Alpha i Fhi * Pn Fhi * Mnr Mnr/Mur
42, Combination kip kip-ft kip-ft kip-ft Deg kip kip-ft
S5TR-I 209 3569. -2168.7 -5091. 5534.10 246.93 - 3570. 34758.31
46. S5TR-I 177 3569. -2168. 4398. 4904.17 1le. 3570. 32303.47
A6, S5TR-I 177 3569. -2168. 4398. 4904.17 1le. 32303.47
S5TR-I 177 3569. -2168. 4398. -17 1le. 32303.47
—--D Columr STR-I 385 2226. -1020. -8166. -9 262. 44965.61
a 0. S5TR-I 153 30189. -1020. -8166. .59 262. 48232.51
! S5TR-I 345 2226. -1020. B8166. .59 97. 44963.70

-3 15 <

--27 Column

{17 Pile

--{_1] Footing Longitudinal Moment Sec
--|_] Footing Transverse Moment Sectit
--{_] Footing Longitudinal Shear Sectiol
--{_] Footing Transverse Shear Section
{1 Column Punching Shear Section
{7 Pile Punching Shear Section

ra
w
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.
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Drilled Shaft Analysis

M Pier 2 - 3-column pier - Pier Alternative ... = | B | £ |

* Only for piers with oS Q4D B

auperstruciure Reference L
-

drilled shafts o

S tation AHEad

5N ~

Ga©. o~ .
- -
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Drilled Shaft Analysis

Linear analysis

FE model stops at the
base of the columns

M Pier 2 - 3-column pier - Pier Alternative 3D Schematic

o o QL e R E

Unfactored load cases

We Make a Difference
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Drilled Shaft Analysis

Pier 2 - 3-column pier - Pier Alternative 3D Schematic

* Factored and I LY
combined loads
applied to the pier as
load cases

Soil layers are

We Make a Difference



AASHTOWare BrDR User Group Meeting

INTERNATIONAL

Drilled Shaft Analysis

 Graphicresultsof | ..........

Pier Alt: 3-column pier
Column: Column1

p-y curves

300

=]
[=]
[=]

p {Ib/in)

=
=

|1

=

01 02 03 04 05 06 07 08 039
¥ (in)
——54.50 (f) ———20.00 ()

Laper |1 | SoftClay At 54 AL20.00 (ft)

P ¥

BB ¢ g . 20000 g (It'.\pu'.in} (Ibfin) (in)
0.000 0.000 0.000
Plat Type 53.078 148.513 0.150
&7.030 187.114 0.300
99,624 214192 0.450
108.651 235749 0.600
Hefis Upper Limit. | 1.50 i 118.118 253853 0.750
125519 260,885 0.900
132137 284.094 1.080
138.151 297.025 1,200

E Ie*{;}iun Update Plat 143683 308.918 1.350
]

54.500
20.000

Top elew.:

®py

Mumber of poirts in generated plar, |10
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"

Bridge

Design

We Make a Difference




AASHTOWare BrDR User Group Meeting

INTERNATIONAL

Superstructure Integral with Pier

* Only available for RC .
Slab System and PSR

C OoNncC rete M C B Slab Structure Type

() Frame structure simplified definition

Pier stiffness is included Ol el et

o Conzider pier skew in
N the FE mOdEI for the ::Er:s:nzlu::tinr:nﬁul|:|rr|:||:|ertief:rs:
su p e rStrU Ctu re () 5lab not integral with pier

We Make a Difference o
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Help

« AASHTO LRFD Substructure Method of Solution
Manual

Pier Transverse Axis )
Superstructure Longitudinal Axis -
Superstructure Reference Line

¥y
Substructure Unit Reference Point - Referencet—4
_ﬂ ~__ Point Node **

/v z L Pier Longitudinal Axis
s Superstructure Transverse Axis

Cantilever Cap Span: Interior Cap Span: Cantilever Cap Span:

Dividedintod | 1, Divided into 2 | Divided into 2 Referencs Point Nod
agual elements I aqual elements ‘ equal elements TrTolerenee Fomt Rt
4
1 1] 1]
1 ) )
e

Face intersection node —‘{"

Column Segment; Column Segment:

Divided into 5 Divided into 1
wqual elements equal element int Node

Column Segment:
Divided into 2
equal elements

Transverse Force T

Global Pier -
Coordinate System

User-defined cap and column elements .
p between global and local coordinate systems

1
1

v4

AASHTOWare
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