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% Mew Superstructure Definition

Why new Advanced MCB?

Girder line superstructure

Floor system superstructure

e Current Concrete MCB superstructure limitations: e
* No curved alignments e e st
* Varying width modeling is limited

* No change in number of cells

* New Advanced MCB introduced in BrDR 7.5.1 to
overcome limitations:

Concrete multi-cell box superstructure

o Advanced concrete multi-cell box superstructure

Distance from PC to first support line: ft
* Curved alignments available oo oo :
ius: 375
Tangent, curved, tangent Direction: Left .

 Ability to model various complex geometries with
varying width N——— .

Design speed: mph

* Number of cells can vary (full box only) x
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Schematic

Bridge Configurations
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* Individual web analysis available for
moment and shear if webs align;

o otherwise, full box only.
B * Curved boxes include torsion effect
- (as effective shear) but control option
— ; available to turn off if needed.
I N = — T
' — —— —- * Tendons can be entered for full box
e==S- eea— or individual webs.
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Workspace

Eridge Components

Graphical User Interface

- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
° M o - MFF | RFD Multiple Presence Factors
Very similar to regular MCB except: oo
- BDF Design Parameters
Bl [ SUPERSTRUCTURE DEFINITIONS

* Input to capture curve data -

. 3% Load Case Description

T Superstructure Alignment

* Segment input to break up structure into segments e

- [ Concrete Stress Limits
- [ Post Tension Losses

when number of cells change. e

{1} Shrinkage Time
A Supports

* All regular MCBs can be modeled as 1-segment - Bhtecueswpors

a Points of Interest

Advanced MCB. Input is essentially identical. L B yeric Shear Renfrcement Defiiors

B = Segment 1

- ﬁ Structure Cross Sections

. BTendon Profile Definitions

- 2 Cross Section Range Properties
- W Structure Typical Section

Default units: US Customary

Horizontal curvature along reference line Span lengths Segment data Inteqgral piers

Distance from PC to first support fine: ft Number of spans: 4 C Enter segment lengths along the reference line: + = Slab Reinforcement
. WL e

Superstructure alignment Start tangent length: ft . ~ - pr, Live Load Distribution

Comved _ ? ¢ Number of segments: 4 e Length = Mumber of Include_in ~ &F Interior Diaphragms
o Radius: 375 ft (ft) cells analysis - [ wess

B =
Tangent, curved, tangent Direction: Left o 5 352,63 5 I zegmen: j
- egmen

Tangent, curved

- [ Segment 4

End tangent length: ft
gier Live Load Distribution

2 40 CA - |

Curved, tangent

Distance from last support line to PT: ft . . - . -
Structure model for LLDF computation 3 104.36 3 B @ M“'_t' Segment Tendon ?mf_'le Definitions
Design speed: mph - <= Multi-Segment Post Tensioning
Standalone 4 108.27 34 B | = Multi-Segment Slab Reinforcement
Superelevation: % £ &3 BRIDGE ALTERNATIVES

B @D MOCS (E) (C)
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[ ]
M O d e I I I l g @ Advanced Concrete Multi-Cell Box Superstructure Definition

Definition Analysis Specs Factors Engine Control options

L]
S p I n e m O d e I C re ate d : Structural slab thickness Mumber
- Consider structural slab thickness for rating o Intl

1. along CL Of bridge - Consider structural slab thickness for design
Slower
2. along CL of each web (if ind. web analysis) S B ST T o N

If curved, chorded segments along curve:

Structure Curved CL

central
angle

Curved structures

Minimum number elements per span: 20 °

Maximum element central angle: 35 Degrees

Straight Beam
Element

Figure 11 — Idealized spine model
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Curved Models: Torsion Demand T,

1. T due to unsymmetric loading 2. T due to horizontal curvature
* T,.: Occurs if section not symmetric  Always present in curved structure

but increased severity with smaller
* T,.: Any LL Offset from CL. Occurs in all radius and longer spayns.
bridges regardless of curvature. |
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Curved Models: Torsion Demand T,

e Tu is determined from full box
model

. * Torsional shear flow in interior
girders cancel each other

e Exterior girders see an increase
}outside of curve) or decrease
inside of curve) in vertical SHEAR

due to Tu. Decrease is ignored.

» Veff is determined by LRFR equation
Vu+(Shear due to Torsion)

SECTION 5: CONCRETE STRUCTURES

Where consideration of torsion is required by the
provisions of Article 5.7.2.1. ¥, in Eq. 5.7.3.4.2-4 shall
be replaced by Vg

For solid sections:

~2
V= r;f+[%} (5.7.3.4.2-5)
24,

For hollow sections:

Vi =Vt 5" (5.7.3.4.2-6)
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Control Options

m\Advalj.cedConcretel\.f'lulti-CeIIBoxSuperstructureDs_ifinition | . If 1&2 Checked’ TOr‘Sion WiII be
ignored in analysis and only shear
- Eapgints of jter N .‘:._A ~ s » o o o N
s il e - without torsion will be considered

Generate at se tion w.. .ge points

B S o e e If 3 checked, instead of AASHTO
Veff equation, rigid body rotation
o. !Jw. IIIIIII [ AASHTO . Consider iterative shear rating . .
@Dnsmbutmn factor application method Moty MCE thets WI I I b e u Se d to d ete r m I n e

By axdle

au s =T additional shear due to torsion

lgnare

Use AASHTO 1979 interim code

Ignore max shear concurrent torsion

QNE

Use rigid distribution for torsion
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Segment Concept

* Define bridge in segments
* When #cells changes, begin new segment

e Rebar and tendons can be defined within
a segment or multiple segments

Default units: US Customary v Span lengths Segment data Integral piers
Number of spans: 4 Enter segment lengths along the reference line:
Number of segments: 4 . Length Number of | Include in

ST (ft) cells analysis

2 40 FAN |
Structure model for LLDF computation 3 10438 3 ﬂ
Standalone v 4 108.27 30 4

B SUPERSTRUCTURE DEFIMITIONS
= == 5D0
:1,_ Impact/Cynamic Load Allowance

~ it Load Case Description
e Superstructure Alignment
- g2z Hinge Locations
- [ Concrete Stress Limits
- [ Post Tension Losses

g Superstructure Loads
- £ Shrinkage Time
- "% Supports
- EiF Effective Supports
- ﬁ Points of Interest
- [T Vertical Shear Reinforcement Definitions
MCE Segments
= Segment 1
- P Segment 2
- P Segment 3
- P Segment 4
:I|'|I|'r. Live Load Distribution
B [ Multi-Segment Tendon Profile Definitions
- === hulti-Segment Past Tensioning
- = Multi-Segment Slab Reinforcement
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Segment Concept
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Segment Concept

Change in no.
of cells

[ Segment 1 Segment 2
— =

1884 LE a4 AE [e:)
Sagment 2 407 Segment 3 1044 387 Segmant 4 1083
Rgmant 2 - WE Sagment 3 - WE! Segmant
: |
= g LL: a L =
; '\\{m <—5} ; -\_(I- 1-\{;:-
Sagrant 2 e x Segment 3 WEBS _ v . _ . . S £z . . . B
k .
- =
= Sagment 3 - WE E
Segran 2 - WEES Sagman £3
_______———______ Sagment 3 - WEBZ E 2
- H
—— Soam £
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B ) MCB Segments
[ B Segment 1

r r ] n n e - 4 Segment 2
e e O C pL|I|-'|'. Live Load Distribution
B ) Multi-Segment Tendon Profile Definitions

Segment 1

~" PT Profile 1
~" PT Profile 2
~" PT Profile 3
----- ~" PT Profile 4
- == Multi-Segment Post Tensicning

. - = Multi-5egment Slab Reinforcement
Multi-segment

rebar or tendon
Segment 2
/ N
1484 uE” R 108'-3 147
Sagmant 2 Ar0° Sagmant 3 104'-4 387 Sagmant 4 1083 1"
= S 7 ST f——m = LT
a2 *-\.(a:u: dog. '-Y—H:.ndag a '\ﬁ—sc.naq; E w
Y - a Y
= L — L Zogrant 3. WEBZ o RS . . . — __Segmant 4 - WEBZ - - — 3
13 . X
E Zogment 3. WEB3 E -
- =
Sagman £ - WEE3
/ _ 5
i I=F ) MLB Segments Sagran 4 - WEBS -
Single-segment B B=ISegment 1 o

rebar or tendon

=8 | Structure Cross Sections

- 2ocell-1
- 2ocell-2
- 2ocell-3
----- o 2-cell-4

o w Tendon Profile Definitions

- = Cross Section Range Properties
- S Structure Typical Section

- = Slab Reinforcement

£

f..

kr Live Load Distribution

- &F Interior Diaphragms

7 wess

th =1 Segment 2 AASHIOWare"
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Additional Capabilities

SIEF BHLLZ TG

[T .
LV VA ]
=0OF
-

* Prestress tendons
* Overlapping and stacked tendons * Modeling

* Partial length tendons * Ability to set reference line along
* Individual web or full box either edge of deck or any CL of

 Analysis web

e Advanced Support Definitions
(separate definitions for Stage 1, 2
and 3)

* Varying travelway along bridge
length

* Individual web analysis available
for PS box with varying length
webs
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Advanced MCB limitations

* Simplified analysis approximating complex 3D behavior.
* Uses spine model and AASHTO LLDF

e Assumption that LLDF includes torsion due to eccentric placement of LL per
NCHRP-620. BrDR adds only additional torsion due to horizontal curvature.

* Integral bent modeled as frame. Bent cap modeled as | section with built in
factors to approximate rigid behavior. Modeling a solid, integral connection as
frames requires simplifying assumptions that can result in deviation from 3D
results, especially for individual webs.

* See Method of Solution manual on modeling and analysis assumptions
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Possible Improvements

* To improve analysis, can add option for full 3D analysis with deck and
integral cap as shell elements and transverse vehicle positioning. This is
already available within BrDR for Steel and PSI girders.

* Since regular MCB can be modeled as 1-segment Advanced MCB with
no extra effort, develop tool to migrate all regular MCB into Advanced
MCB and sunset regular MCB.

 Variable depth in transverse direction
* Coming in BrDR 7.6: User POls at web level.
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* Thanks to the Promiles team for E=T
making the Advanced MCB from B
concept into a reality! ——

* Additional training:
https://www.aashtowarebridge.com/b / .
ridee-rating-and-design/training/ gH:-BSC &

BBBBBB

* Method of Solution
(Bridge Workspace > Help)

nnnnnnnnnn

Questions?
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