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|ntroductory Comments

> Large step
» Address all questions
> Next step




ODbjective

> Develop NEeW recommended LRFD live-load
distribution-factor design equations for shear and

moment that are SIMPler to apply and have a

wider range of applicability than thosein
the current LRFD. The need for refined methods
of analysis should be minimized.




How
conservative?
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Advantages

> Congistent approach for bridge types

» Based upon lever rule (shear and one-lane
moment) — and adjusted

» Based uniform distribution (multiple-lanes
oaded — and adjusted

ndependently accounts for multiple
oresence

> Eliminates many limits on application




Advantages

> Independently accounts for variability of ssmple
analysis with respect to rigorous

> Independent of cross section and span lengths
» Same for positive and negative moment areas




Advantages

> Many pages shorter

» Many variables, definitions, and
computations are eliminated

> Once transformations are understood the

adjustments from lever/uniform are readily
seen

> Well documented




Advantages

» Extensible within proposed framework
 Different coefficients
« Analysisvariability is quantified
« Recalibration

 LRFR
« Multiple presence

o Safety net

« Lower bound for rigorous analysis




Disadvantages

> New and Different

> MIinor programming reguired
> Minor training

> Empiricaly based

> Rigorous analysis as standard practice will
be discouraged




Satus

» Good Input from T-05 and T-10

> Need time to revise and relax some
simplification and iImprove accuracy

» Community to re-review
» Mid Y ear meeting to provide modifications
» Rereview and response/revisions




Message today

The Framework
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NCHRP 12-62

More than

Smplification




Three Separate Components

Structural Analysis

- (For o))

Uncertainty associated with analysis

Multiple Presence




Analysis Component

y =1.0105x - 0.003

Moment in the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00
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Uncertainty Component

Moment in the Interior Girder, 4 Lanes Loaded, Location 104.00. 3 & 4 lanes not
critical,
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Multiple Presence Component

mg=my,| a,(LRor uniform)+h, |

Multiple Presence




Current

S 0.4 S 0.2 K 0.1
=0.075+| — | | — :
mo-0075+( | (2] | ot

fﬁlﬂ%ﬂ '
W
Back out variability (12-26)? © ¥ g

Multiple presence - no




Current LRFD

y =0.0487x +0.191

L=100ft, Kgterm11
—e— L =150, Kgterm=11

—8— L=200ft, Kgterm=11

Linear(L=150, Kgterm=11) | |

my=S/205 +0.19

n 12

§j0.2 Kg 0.1
L) (12.0Lt]

ngacinlé, ft. =
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“*SImplification is more than

just ssmple computations’

Dr. Mertz




Per spective

> History
> Trends
> New work




Example

> 12-26 Std Specification
m = 1.0, 0.90, 0.75

»12-26 LRFD
m=1.2,1.0, 0.85, 0.65




Three Separate Components

Structural Analysis

mg=my,| a,(LRor uniform)+h, |

Uncertainty associated with analysis

Multiple Presence




Questions
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End of talk
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Possible Questions/| ssues

> Different coefficients for number of |anes?

» Change from unified approach to best
approach for each type, I.e., LR, Uniform
adjusted

» Three girders

« Boxes
« Open sections

» Skew adjustment for moment — stiffness?
> Combine slab on girder bridge types




Let’sbegin
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The Challenge




Literature Review

» Current Specifications & Simplified
Approach

» Modeling Techniques
> Fleld Testing
» Parametric Effects

> Bridge Type Re‘ere“ces

> Nonlinear effects




Summary Table (NBI Data)

Bridge Percentages by Type
1990-present|Total Inventory

Steel Beam

Concrete |

Precast Concrete
Boxes with Shear Keys

Slabs
— | 3% 78.7%
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Murber

Data Source

Totsl Mo,
Referance . Erndge Types of
EBridges _
Bridges
Conc. T-Beam P
Steel |-Beam 163
& Prestressed | Beam Gk} P(deq) [ Aspect Ratio (L)
Prestresszed Conc. Box 112 5205 [ 03 | 326
e 09[R Bae 21 et
NCHRP 12- Slab 127 2;: 8'22 85'153
26 bl utti Box £ 70 0.21 256
Conc Spread Box 25 2 [osr on
Stee| Spread Box e fon |
PrecastConc. Spread Box l 2000 143 o A
T“S;ef“ FrecastConc. Bulb-Tee 4 31.56 191 2.74
H 26.23 2.24 3.05
5 TH Tach PrecastConc. -Beam = 5016 | 160 | 511
& et 1 2 24 |CIP Conc. T-Beam 3 O U
LRTR b CIP Cone. hulticel ! WA | O% | o
= Steel |-Beam g N/A 140 | 800
Pagﬁ?geégc Steel Opan Box 2 N/A 113 9.60
LR ER = 5= =lab -:un_HI:, Frest., and 5o va | o276 | eso
Steel Girders =5 T oo T 5%
Spread Box Beams ar
Fararnetric ]
e HA EL Adjacent Box Beams 23
Slab on Steel -Beam 29
S MnEry 1560




Data Sources

1. NCHRP 12-26 Bridge
Database
800 + Bridges can be used in an

automated process to generate
simplified and rigorous analyses.

2. Tenn. Tech. Database
Detailed descriptions and rigorous
analysis are available from a recent
TT study for TN DOT. Results,
structural models, etc., are readily
available.

3. Virtis/Opis Database
Bridges

650+ bridges may be exported from
Virtis/Opis to supply real bridges to
both simplified and rigorous methods.

4. Parametrically
Generated Bridges

74 Bridges were developed to
test the limits of applicability of
the proposed method.

Condense to a
Common Database

Common
Database | A
Format
NCHRP 12-50
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Common
Database
Format
NCHRP 12-50

l

l

BRASS-Girder (LRFD)™

-
Simplified Analysis Methods:
Standard Specifications (S over D)
LRFD Specifications

Rigid Method

Lever Rule

Adjusted Equal Distribution Method
Canadian Highway Bridge Design C
Sanders

ode

Rigorous Analysis (Basis)
 SAP
e AASHTO FE Engine
e Ansys

Recently trying
AASHTO Virtis

—— ' ==

Common Database
Format
NCHRP 12-50

-
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e

Common Database
Format
NCHRP 12-50

Studies Directed Toward:
Skew
Lane Position
Diaphragms

Simplified Moment and Shear Distribution Factor Equations
* Specification and Commentary Language

* Design Examples

* Final Report

Iterative Process Involving Tasks 7,8, and 9 through 12.

Comparisons and Regression Testing (NCHRP 12- 50 Process)
Tasks 6 & 9

Regression testing on “real” bridges (Virtis/Opis database, NCHRP 12-26 database)
(compare proposed method to current LRFD method)

Comparisons from parametric bridges and rigorous analysis




Grillage Method (structural model)
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Proposed |mplementation

> Two simple methods for types

« Uniform
o« Leverrule

> One set of coefficients (for number of lanes)

> Multiple presence based upon lanes loaded in simple
analysis

> Simplification factor adjusts for variability

mg=ny, | a,(LRor uniform)+b, |




Influence Surfaces (structural mode!)

Ordinate
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Automated Live Load Positioning

e Critical live load placement
e Actions (shear, moment,
reaction, tranglation)
e Single and multiple lanes
loaded
e Critical longitudinal
position
Accounts for barrier, etc.
4-ft truck transverse truck
spacing
POI at least tenth points




Computation of Distribution Factor

| Rigorous Action|/[ Number Lanes]
{Acti on fromBeamline }

for same Longitudinal Position

Distribution Factor = g =

rigorous

M eern Research: 3-D to 1-D
spatial reduction

M

design(rigorousestimate) — M beamg

Application: 1-D to 3-D
spatial reduction




Example of Sandard Specification
Results

Moment at 1.4

One-lane Loaded Exterior I-Girder Unit slope = good
Std. S/D vs. Rigorous
M

* . V=09914x +0.2 R2 = poor
R?=0.3834

Poor R? = little
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Lever Rule Results

Moment at 1.4
One-lane Loaded Exterior I-Gj

Lever Rule vs. Ri 7
R2 = good

slope = poor

y=1.63x-0.2644 *
R? = 0.8889

Apply affine
transformation
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Calibrated Lever Rule Results

Moment at 1.4
One-lane Loaded Exterior I-Girder

Calibrated Lever Rule vs. Rigorg /

/
y =0.978x + 0.0413 1

R* = 0.8889

slope = good

R? = good and isthe
same
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Affine Transformation Concept

T
®
L
[
=
O
[=1
=
0y

Origina Simple
Metho  Raise or lower by
addition/subtraction

Rigorous Method




Affine Transformation Concept

a . for slope change
b, for shift

T
®
L
[
=
O
[=1
=
0y

Rigorous Method




Moment Distribution Factor Computation

Number of
Loaded Girder Distribution Factor Multiple Presence Factor
L anes

Interior and
Exterior

Use integer part of

We

Interior and 12

Exterior
to determine number of loaded lanes
N_ for multiple presence.

Removed m
limit of 0.85
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Multiple Presences

Number of Multiple
L oaded Presence Factor
L anes

1 | 120
2 | 100

4ormore | 065 \

Basic method: Lever or Uniform
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MN DOT Manual

four lane

J:r/’v“"}

—e— Steel- a
—m— Concrete -k

LRFD
—¥— S/11

Number of Girders: 6
Girder: MN BT72
de, ft. 1.5
Span Length, ft: 130
Kg term: 1.1

Girder: interior

LaneS: m U|t| p|e s em——— c ssion -- Delaware
July 2007




MN Manual

MN Design Manual Bridge

0.9 |
0.8 -
= 07 I l\\\ = = = = = = =m =m =
g 0.6 N
E 05 —m— Present
0
= 0.4 —— Proposed
.é’ 0.3
0.2
MN ?nanual
Barrier Width, ‘ ‘ \ ! \
ft.= 1.66
S o 5.00 6 8 10 12 14
L, ft. = 130.00 Number of Girders
Ve = 1.01
., = 1.23
L AASHTO SCOBS Main Session -- Delaware
bm = -0.12 July 2007




| ssue of Loaded Lanes

y = 0.9981x + 0.0023 Moment in the Interior Girder, 2 Lanes Loaded, Location 104.00
R>=0.9268
1.

y = 1.0532x - 0.0227 Moment in the Interior Girder, 3 Lanes Loaded, Location 104.00

R?=0.9182
1.4

[aey

y=1.1096x - 0.023 Moment in the Interior Girder, 4 Lanes Loaded, Location 104.00
R® = 0.9455
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| mplementation Decision

Simple vs Rigorous

R:=09268
14

y=0.9981x + 0.0023 Moment in the Interior Girder, 2 Lanes Loaded, Location 104.00

on Distrib ution

Factor (Calibrat ion Only)

S

rop osed LRFD S

06 08
Rigorous Distribution Factor

a., b, usedinorigina
alibration — was conservative
and simple

¥
R =09182

- 1.0532x - 0.0227 Moment in the Interior Girder, 3 Lanes Loaded, Location 104.00

tion D strib ution

0 n Only)

Fact o ( Galib r

Propos ed LRFD Sp ecifi

12; SIab o0 1Girger
Type k

06 08
Rigorous Distribution Factor

a, b slightly different ~5%

¥=1.1096x

0022 Moment in the Interior Girder, 4 Lanes Loaded, Location 104.00
R2=0,9455
14

tio n Distrib ution

Fac tor (Gal brat ion Only)

Biidge 5

Propo sed LRFD Sp ecifi

06 08
Rigorous Distribution Factor

a., b different ~10

Delaware
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| mplementation Decision

Simplevs Critical
Rigorous

N

mg=nvy,| a,(LRor uniform)+b, |




| mpil ementati on Decision

Rigorous

Determined | mg
In ssmply
analysis

mg=nvy,| a,(LRor uniform)+b, |
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Sed -1 Moment Interior 2-4 Lanes

y = 1.0105x - 0.003 ] ] _ )
R2 = 0.9509 Moment in the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00
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Concrete | Moment Interior 2-4 Lanes

y = 1.0105x - 0.003 ) ) ] )
R = 0.9509 Moment in the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00
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Concrete-T Moment Interior 2-4 Lanes

Moment in the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00
y =1.0111x + 0.0008

R%=0.9324
1.4 - -

/%

1.2 <

0.8 o w70

0.6 S aill o

X
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Bridge Set 3: Cast-In-Place Tee
Beams, Type e
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CIP Boxes Moment Interior 2-4 Lanes

y = 1.0092x - 0.0072

R? = 0.6711 Moment in the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00
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Adjacent Boxes Moment Interior 2-4 Lanes

y = 0.9994x + 0.0008 _ . . i
R2=0.8717 Moment in the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00
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Canadian Approach

> Perform smpleanalysis(Lanes=1, 2, 3,4
)

> Apple multiple presence
> Select critical




Lever Rule Equations (aids)

Girder
Location Distribution Factor | Range of Application Loading Diagram

(d.+S)<6 ft
d.f<s

(d.+S)>6ft

Remove
Column,

Exterior (d,+S)<10t I TOS felt it
T was

confusing

2 or more + 10<(d,+S) <16 ft

16<(d, +S)<20 ft
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Calibration Coefficients (Shear)

Shear

Structure Type

AASHTO
LRFD
Cross

Section

Type

Exterior

Interior

One Loaded Lane

Two or More Lanes

One Loaded Lane

Two or More Lanes

ay

b,

ay

by

ay

Stedl |-Beam

a

Precast Concrete |-Beam,Precast
Concrete Bulb-Tee Beam, Precast
Concrete Tee Section with Shear Keys
and with or without Transverse Post-
Tensioning, Precast Concrete Double
Tee with Shear Keys with or without
Post-Tensioning, Precast Concrete
Channel with Shear Keys

Cast-in-Place Concrete Tee Beam

Cast-in-Place Concrete Multicell Box
Beam

Adjacent Box Beam with Cast-in-Place
Concrete Overlay

Adjacent Box Beam with Integral
Concrete

0.03

1.05

Precast Concrete Spread Box Beam

0.12

1.00

Open Steel Box Beam

Use Article4.6.2.2.4

AASHTO SCOBS Main Session --

Delaware
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Calibration Coefficients (Moment)

Moment
AASHTO Exterior Interior
LRFD | OnelLoaded Lane |Two or MorelLanes| Oneloaded Lane | Two or More Lanes

Cross
Section | @m Pm am bm
Structure Type Type Lever

Steel |-Beam a ) 0.97

Precast Concrete |-Beam,Precast
Concrete Bulb-Tee Beam, Precast
Concrete Tee Section with Shear Keys
and with or without Transverse Post-
Tensioning, Precast Concrete Double
Tee with Shear Keys with or without
Post-Tensioning, Precast Concrete
Channel with Shear Keys

hi,j, k

Cast-in-Place Concrete Tee Beam

Cast-in-Place Concrete Muiltical Rav
Beam

Adjacent Box Beam wit

Concrete Overlay %] =m| ( ) ‘I'.EI' =
Adjacent Box Beam wit gm |: ™ gfﬂ'ﬂ:" rule m

Concrete

Precast Concrete Spread Box Beam | b, c | 0.62 | -0.08 | 1.00 | -0.06 | 0.77 | -0.17 |

Open Steel Box Beam Use Article4.6.2.2.4
July 2007




{2 o=

gLever Rule — 09
gCa”brated — amgLever Rule + bm = 053(09) +0.19

Ocalibrated = 0.67
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Exterior One-Lane Moment

y = 1.0477x - 0.0032 Moment in the Exterior Girder, 1 Lane Loaded, Location 104.00

R?=0.8727
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Shear Exterior Two Lanes

y = 1.051x + 0.0145 Shear in the Exterior Girder, 2 Lanes Loaded, Location 100.00

R? = 0.9581
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SUPPORTING COMPONENTS TYPE OF DECK TYPICAL CROSS SECTION

Steel Beam Cast-in-place concrete slab,

ﬂ ﬂ Different Bridge
fednn ™= T T T 1 Types

Closed Steel or Precast Concrete Cast-in-place concrete slab
Boxes

Precast Solid, Voided or Cellular Cast-in- place structural
Concrete Boxes with Shear Keys concrete overlay

Open Sedl or Precast Concrete Cast-in-place concrete slab,

Boxes precast concrete deck slab Precast Solid, Voided, or Cellular | Integral concrete
Concrete Box with Shear Keys and

i s T o o
(9)

Cast-in-Place Concrete Multicell Monoalithic concrete Precast Concrete Channel Sections | Cast-in- placestructural
Box with Shear Keys concrete overlay

[\ J
\r’_’ﬂfﬁdm\/_\l}q

. . Precast Concrete Double Tee Integral concrete
Cast-in-Place Concrete Tee Beam | Monolithic concrete Section with Shear Keys and with

or without Transverse Post-
Tensioning

Precast Concrete Tee Section with | Integral concrete
Shear Keys and with or without H B 7

Transverse Post-T ensioning
(1))

Precast Concrete | or Bulb-Tee Cast-in- place concrete,
Sections precast concrete

Cast-in- place concrete or
plank, glued/spiked panels
or stressed wood

AASHTO SCOBS Main Session -- Delaware
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Concrete | Section Shear

y = 1.0192x + 0.0026 Shear in the Interior Girder, 1 Lane Loaded, Location 100.00 y = 1.0413x + 0.0043 Shear in the Interior Girder, 2 Lanes Loaded, Location 100.00
R?=0.9146 R® = 0.887
1.4 1.4

»
N

o

Jractors,

o
~

Bridge Set 2: Slabon -Girder Bridge Set 2: Slabon -Girder
Type Type

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification
Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

o
)

Propos ed LRFD Sp ecificatio n Distribution
>
Propos ed LRFD Sp ecificatio n Distribution

0.2 0.4 0.6 0.8 1 1.2 X 0.2 0.4 0.6 0.8 1 1.2

Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor, Including Multiple Presence

1.0272x - 0.0054 Shear in the Exterior Girder, 1 Lane Loaded, Location 10{ the Exterior Girder, 2 Lanes Loaded, Location 100.00

o

Jractors,

o
~

ﬁy Bridge Set 2: Slabon -Girder

Type k

Bridge Set 2: Slabon -Girder
Type k

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification
Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

o
)

Propos ed LRFD Sp ecificatio n Distribution
>
Propos ed LRFD Sp ecificatio n Distribution

0.2 0.4 0.6 0.8 1 1.2 X 0.2 0.4 0.6 0.8 1 1.2

Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor, Including Multiple Presence
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Concrete | Section Moment

y = 1.0475x - 0.0074 Moment in the Interior Girder, 1 Lane Loaded, Location 104.00 = l,ini[zjs;fgm Moment in the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00

R?=0.8786

I

N
»
N

-

o
@

=3
=Y

IS
IS

IS
=~

Bridge Set 2: Slab on |-Girder

Bridge Set 2: Slab on |-Girder
Type Type k

o
)

Presence, and Distributio n Simplification

(Appendix), Including Calibration, Multiple
o
N

Number of Lanes / Number of Girders
Distribution Factor (Calibrated)

Prop osed LRFD Specificaion Distrib ution Factor

| T
0.4 0.6 0.8

0.2 0.4 0.6 0.8 1 1.2 . o .
Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor

Exterior One |Exterior Multiple

y = 1.0417x + 0.0049 Moment in the Exterior Girder, 1 Lane Loaded, Location T04.00 y = 1.0236x + 0.0168 in the Exterior Girder, 2 Lanes Loaded, Location 104.00

R?=0.9152 R?=0.9408
1.4 y 1.4

rib ution Factor

ration, Multiple

Presence, and Distribution Simplification
©

Jractors,

Bridge Set 2: Slabon -Girder
Type k

Bridge Set 2: Slab on |-Girder
Type k

>
(Appendix), Including Calibration, Mu

Propos ed LRFD Sp ecificatio n Distribution
Presence, and Distribution Sim

Prop osed LRFD Specifi

0.2 0.4 0.6 0.8 1 1.2 X 0.2 0.4 0.6 0.8 1 1.2
Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor, Including Multiple Presence
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Satistical Comparison Conceptual

= :
» . Standard
BN deviation

8
Q.
;
o
g
=
Z

Osimpitied

g rigorous




Shift Smple Upward by a factor

Increase by afactor that isrelated to the COV

Live Load Distribution Simplification = ?/S

SI mpl e / RI gorOus AASHTO SCOBS Main Session -- Delaware




Structure Type

AASHTO

LRFD Cross|

Section
Type

Action

Exterior

Analysis Smplification Factors, y.

Interior

| _Onetane—moretanes |

Two or

One-lane

Two or
more lanes

Steel [-Beam

1.02

1.04

a

Shedr
M orwent

1.07

hO2
11

1.05

Precast Concrete |-Beam,Precast
Concrete Bulb-Tee Beam,
Precast Concrete Tee Section
with Shear Keys and with or
without Transverse Post-
Tensioning, Precast Concrete
Double Tee with Shear Keys
with or without Post-Tensioning,
Precast Concrete Channdl with
Shear Keys

Shear

[—3+03—1 1.02—

1.02

1.04

Cast-in-Place Concrete Tee
Beam

Cast-in-Place Concrete Multicell
Box

Precast Concrete Spread Box
Beam

Adjacent Box Beam with Cast-in

Place Concrete Overlay,

Adjacent Box Beam with
Integral Concrete

Open Steel Box Beam

AASHTO SCOBS Main Session -- Delaware

July 2007




Example Continued

I1xterior :(Pj(Gj + (Pj(lzj =0.9P .
2)\10) {210 Previous

OLover e =0-9 Example
gCaIibrated — amgLever Rule + bm — 053(09) + 019

Ucalibrated = 0.67

Ocatibraes =9 = 0.67
y.mg=1.02 (1.2)(0.67)

y.mg=0.82




All effects are now separated and

under standable

ymg=1.02(1.2)(0.67)

Effect of Multiple
7/ m — O 82 Presence
S .
Variability in
analysis




Skew Adjustment

> Load effect increases for shear
> Load effect decreases for moment




Skew

» Adjustments for shear
> No Iteration

» Commentary M&M 20-07 Study (shear
adjustment spatial variation)

> Neglect decrease for moment

Re-entered in Rev 1 of
Agenda




Skew Smplification (shear and reactions)

Type of Superstructure

Applicable Cross-Section
from Table 4.6.2.2.1-1

t Factor

Range of
Applicability

Concrete Deck, Filled Grid,
Partially Filled Grid, or Unfilled
Grid Deck Composite with
Reinforced Concrete Slab on Stedl
Beams, Concrete T-Beams, T- and
Double T-Section

a e kandasoi, |
if sufficiently connected to
act asaunit

1.0+0.20tan®

SN

0°< 0< 60°

35< S<16.0
20< L <240
N, >4

Precast Concretel, Bulb Tee
Beams, and Precast channel sections
with Shear Keys

1.0+0.09tan®

0°< 0<60°

35<S5<16.0
20 < L <240
N, > 4

Cast-in-Place Concrete Multicdll
Box

12.0L

1.0+(0.25+ —j tan©
70d

0° < 0< 60°
6.0< S<13.0
20< L <240
35<d <110
N, >3

Concrete Deck on Spread Concrete
Box Beams

0° < 0< 60°
6.0< S<115
20< L <140
18<d <65
N, > 3

Concrete Box Beams Used in
Multibeam Decks

0° < B< 60°
20< L <120
17<d <60
35<b <60
5< N, < 20

COBS Main Session -- Delaware
July 2007




Skew Smplification (moment)

Type of Superstructure

Applicable Cross-
Section from Table
4.6.2.2.1-1

Skew Adjustment Factor

Range of
Applicability

Concrete Deck, Filled Grid,
Partially Filled Grid, or
Unfilled Grid Deck Composite
with Reinforced Concrete Sab
on Steel Beams, Concrete T-
Beams, T- and Double T-
Section

a, e kandasoi, |
if sufficiently
connected to act as
unit

1=0.0
If 0 >60° use 6 = 60°

30°<6<60°
3.5<S5<16.0
20<L <240
N, >4

Precast Concretel, Bulb Tee
Beams, and Precast channdl
sections with Shear Keys

1-¢ (tan6)”

If ® <30°thenc, =0.0
If > 60° use 6 = 60°

30°< 6 <60°
35<5<16.0
20 <L <240
N, > 4

Concrete Deck on Concrete
Spread Box Beams, Cast-in-
Place Multicell Box Concrete
Box Beams and Double T-
Sections used in Multibeam
Decks

1.05-0.25tan6<1.0

If > 60° use 6 = 60°

Delaware
July 2007




Reduction of L oad Distribution Factorsfor
Moment (Type" k" bridges)

S
@
LL
c
=
O
3
e

Concern about transverse stiffness?

30 35 40 45
Skew Angle

—~ LRFD = LRFD (simplified)

AASHTO SCOBS Main Session -- Delaware
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Correction Factorsfor Load Distribution Factors
for Shear (Type" k" bridges)

—
=
Q
®
LL
c
o
g
—
—
O
@)

—— LRFD —=-Henry's
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Skew Adjustment

> Shear
o Increases|oad effect

 Intermediate diaphragms and cross frames are
necessary to achieve behavior

« Must include this effect

> Moment
« Decreases |oad effect
« SUfficient transverse stiffnessis required
o Initially removed from specification
 Included inrev. 1 (submitted last week)




Diaphragm Stiffness Study

- [}
gl

Span Length = 2 x 153




Typical Framing Plan

—— D7'-1" —

—— 27'-1" ——

AASHTO SCOBS Main Session -- Delaware
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Siffness of Cross Frame

L 4" x 4" X 5/16"
/

Shear stiffness considered
K

- .
(2.4in )(2900ka) §n?(25.6°)=170 K
(12.75 ft)(lZ '1:) n




Skew Adjustment Results

Steel Plate Girder Bridge

Four steel plate girders, two spans at 152 ft., spacing 11'-6"

Diaphragm Stiffness Ratio Reference

0 1213 1.00
30 Zero, no diagphragms 1185 0.98 ;Zzlree ll'_llzg
60 1117 0.92

0
30] Actual Estimate K = 170 k/in| ~ no change 0.98] Figure L-157
60

0 1130 1.00
30 Rigid 885 0.78] Figure L-175
60 800

AASHTO SCOBS Main Session -- Delaware
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Findings

> Need sufficient transverse stiffness for
moment decrease to be achieved

> Estimated frame stiffness was not sufficient
> Rigid isillustrates behavior

» More study Is required on quantification of
required stiffness

» Aside -- CSA suggested appropriate
e WEES




Curvature

» No change




Push-the-limits bridges

Recommended
minimum dab

thickness

(AASHTO STD
Table 8.9.2)

Sab
Thickness,
t

(ifsl)

Total
Bridge
Width, W

8.80
8.80
8.80
8.80

9.00
9.00
9.00
9.00

N

N

No.
1
2
3
4
5
6
7
8
9

8.80
9.60
10.40
11.20
12.00

9.00
9.75
10.50
11.25
12.00

8.80
8.80

9.00
9.00

T Ol I S N L L e

gl w wwhr|br>Hd

o
ol
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Many Parameter Sudies

> Skew
« Diaphragm Cross-frame Stiffness
« End Cross-frames
« Intermediate Cross-frames

> Typical Example




R = 34.30 kips

R = 43.82 kips
DF =0.621

With Support
Diaphragms

R = 34.30 kips
DF = 0.564

R =28.00 kips
DF = 0.460

R = 43.82 kips
DF =0.621

R =52.15 kips
DF=0.739

With Support
Diaphragms

Span 5

R = 43.82 kips
DF = 0.621

R =34.30 kips

R = 43.82 kips
DF = 0.621

R = 46.62 kips
DF = 0.660

R =43.78 kips
DF=0.720

R = 20.07 kips
DF =0.330

R = 61.87 kips
DF =0.876

With Support
Diaphragms

R = 46.62 kips
DF = 0.660

R =54.89 kips
DF=0.778

R =34.30 kips
DF = 0.564

R = 43.78 kips
DF=0.720

R =52.15kips
DF = 0.739

R =52.94 kips
DF =0.870

R =52.94 kips
DF =0.870

R =54.89 kips
DF=0.778

R = 28.00 kips
DF = 0.460

R =61.87 kips
DF =0.876

R = 20.07 kips
DF = 0.330

- Delaware
July 2007




Regression Testing

Compl ete database used to compare:
« LRFD
« SD
« Rigorous
« Again, used 12-50




y = 1.0128x - 0.0626 Moment in the Exterior Girder, 2 Lanes Loaded, Location 104.00
R'=0.688
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Standard Deviation 0.18 0.10 0.26
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Count 72 72 72




Bridge Set 2: Slab on |-Girder
Type k
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y=1.0128x - 0.0626 Moment in the Exterior Girder, 2 Lanes Loaded, Location 104.00
R'=0.688
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y = 1.0128x - 0.0626 Moment in the Exterior Girder, 2 Lanes Loaded, Location 104.00
R'=0.688
1

A 1 e

Momentin the Exterior Girder, 2 Lanes Loaded, Location 104.00

y = 0.773x + 0.2106 Moment in the Exterior Girder, 2 Lanes Loaded, Location 104.00
R”=0.7999

Freq uen cy - %

1.4 4

%

Bridge Set 2: Slab on I-Girder
Type k

! )
T LT

0.2 0.4 0.6 0.8 1 1.2 1.4
Rigorous Distribution Factor, Including Multiple Presence
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Rigorous Distribution Factor, Including Multiple Presence

Methods Compared
Appendix Dist Factor (Calibrated, with Multiple Appendix Dist Factor (Calibrated, with Multiple 2005 AASHTO LRFD/Rigorous
Statistic Presence)/2005 AASHTO LRFD Presence)/Rigorous with multiple presence with multiple presence
Average 0.87 1.00 1.20
Standard Deviation 0.18 0.10 0.26
Coefficient of Variation 20.77% 9.78% 21.29%
Count 72 72 72
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Momentin the Exterior Girder, 2 Lanes Loaded, Location 104.00

Freq uen cy - %

|-

T a T il T ﬂ T T
O 2,2, @, 0,0, 2.2, O, 0, 0, 4 la <, [P RS
0,206,396, % %5575, 73.%.%. /6. 6. 3.6 5. /5. %6 5. "8 %8,
S 0, 0, 0, O, 0, 0, @, 0, @ EARS CPR R
5% s % % %6 %3 %5 98 %@ 6 3 055 65 Y6 Yo e Cos0s
Ratio - Aooendix Dist Factor (Calibrated. with Multiole Presence)/ 2005 AASHTO LRFD Distribution
Factor

y=1.0128x - 0.0626
R'=0.688

Moment in the Exterior Girder, 2 Lanes Loaded, Location 104.00

=
N

=

o
©

°
>

o
=

el 2 Slab on Girder
Type k

Mutiple Presence, and Method Factors

Factor (Appendix), Including Calibration,
°
8

ProposedLRFD Specification Di

0.4 06 08
2005 LRFD Specifications Distribution Factor

Moment in the Exterior Girder, 2 Lanes Loaded, Location 104.00

y = 1.0236x + 0.0168 Moment in the Exterior Girder, 2 Lanes Loaded, Location 104.00

Statistic

‘ Mé‘thoa‘s Compared

Appendix Dist Factor (Calibrated, with Multiple
Presence)/2005 AASHTO LRFD

Appendix Dist Factor (Calibrated, with Multiple
Presence)/Rigorous with multiple presence

2005 AASHTO LRFD/Rigorous
with multiple presence

Average

0.87

1.00

1.20

Standard Deviation

0.18

0.10

0.26

Coefficient of Variation

20.77%

9.78%

21.29%

Count

72

72

6T Vs e

BB D 05 B B G D s os B D B %%

Ratio - Appendix Dist Factor (Calibrated, with Mulple Presence)/ Rigorous Distribution Factor w/m

Egoz

tion Factor, Including Multiple Presence

Momentin the
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RZ=0.7999

y=0.773x +0.2106 Moment in Exterior Girder, 2 Lanes Loaded, Location 104.00

pecification Distribution Factor

Bfidga Sel 2 Sieb o HGider
Type k

02 0.4

Rigorous Distribution Factor, Including Multiple Presence

0.6 0.8 12

ethods Compared

Statistic

Appendix Dist Factor (Calibrated, with Multiple
Presence)/2005 AASHTO LRFD

ppendix Dist Factor (Calibrated, with Multiple
Presence)/Rigorous with multiple presence

2005 AASHTO LRFD/Rigorous
with multiple presence

Average

0.87

1.00

1.20

Standard Deviation

0.18

0.10

0.26

Coefficient of Variation

20.77%

9.78%

21.29%

Count

72

72

72

72
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Shear Interior One Lane

y = 1.115x + 0.0066 Shear in the Interior Girder, 1 Lane Loaded, Location 100.00

R’ = 0.8934
1.4 -
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Shear Interior Two Lanes

y = 1.0411x + 0.0049 Shear in the Interior Girder, 2 Lanes Loaded, Location 100.00

R?=0.9
1.4 -

Bridge Set 1: Slab on -Girder
Type a

! J -

0.2 0.4 0.6 0.8 1 1.2 14

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification
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Moment Exterior One Lane

y = 1.0477x - 0.0032 Moment in the Exterior Girder, 1 Lane Loaded, Location 104.00

R? = 0.8727
1.4 -

(7]
S
O
4+
[G]
@
LL

Bridge Set 1: Slab on |-Girder
Type a

! i

0.2 0.4 0.6 0.8 1 1.2 1.4

[
o ©
o
+— O
S =
=
c E
owm
T <
< 0O
Q=5

5
82

S
2 5
= 0
> ©
-5 <
e ®
-8
25
g v
w Q@
a

c
o
=
>
0
=
+—
%]
(@]
c
o
=
@®©
o
=
[&]
()
Q.
w
@]
LL
0
-
e}
Qo
%2}
o
o
o
—
ol

Rigorous Distribution Factor, Including Multiple Presence

AASHTO SCOBS Main Session -- Delaware
July 2007




Moment Exterior Two Lanes

y = 1.0551x + 0.0013 Moment in the Exterior Girder, 2 Lanes Loaded, Location 104.00

R%=0.8566
1.4

Bridge Set 1: Slab on |-Girder
Type a

| |
0.2 0.4 0.6 0.8 1 1.2 1.4
Rigorous Distribution Factor, Including Multiple Presence
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Moment Interior One Lane

y = 1.0391x + 0.0037 Moment in the Interior Girder, 1 Lane Loaded, Location 104.00

R? = 0.6518
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Moment Interior Multiple Lanes

y = 1.0105x - 0.003

R-09500 Momentin the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00
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y=

Proposed LRFD Specification Distribution

y =1.0195x + 0.0042

Proposed L RFD Specification Distribution

Concrete Tee Beams Shear

1.0457x + 0.0051 Shear in the Interior Girder, 2 Lanes Loaded, Location 100.00

R?=0.8371 R?=0.9168

1.4+ 14

Bridge Set 3: Cast-In-Place Tee
Beams, Type e

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification
Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

Proposed LRFD Specification Distribution

0

y =1.1279x + 0.0017

Shear in the Interior Girder, 1 Lane Loaded, Location 100.00

Bridge Set 3: Cast-In-Place Tee
Beams, Type e

0 0.2 0.4 0.6 0.8 12

Rigorous Distribution Factor, Including

Interi

Factor, Including Multiple Presence

or Multiple

Shear in the Exterior Girder, 1 Lane Loade
R?=0.9309

144

Bridge Set 3: Cast-In-Place Tee
Beams, Type e

Factor, Including Calibration, Multiple
Presence, and Distribution Simp lification
Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

Proposed LRFD Specification Distribution

0.2 0.4 0.6 0.8 12

Rigorous Distribution Factor, Including Multiple Presence

er, 2 Lanes Loaded, Location 100.00

Bridge Set 3: Cast-In-Place Tee
Beams, Type e

0.2 0.4 0.6 0.8 12

Rigorous Distribution Factor, Including Multiple Presence




Concrete Tee Beams Moment

y = 1.1225x + 0.0028 Moment in the Interior Girder, 1 Lane Loaded, Location 104.00 y=10111x+ 0 ooog Moment in the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00
R =0.7358 - )

R®=0.9324

144 1.4 4

Bridge Set 3: Cast-In-Place Tee
Beams, Type e

Bridge Set 3: Cast-In-Place Tee
Beams, Type e

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification
Number of Lanes / Number of Girders
Distribution Factor

Proposed LRFD Specification Distribution

0.2 0.4 0.6 0.8 . . E 0.4 . 0.8

Rigorous Distribution Factor, Including

=1.0201x + 0.0051 Moment in the Exterior Girder, 1 Lane Loa(
R =0.9133

144
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Bridge Set 3: Cast-In-Place Tee
Beams, Type e

Bridge Set 3: Cast-In-Place Tee
Beams, Type e

Factor, Including Calibratio n, Multiple
Presence, and Distribution Simp lification
Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

Proposed LRFD Specification Distribution
o
N

Proposed LRFD Specification Distribution

0.2 0.4 0.6 0.8 12 : 0.2 0.4 0.6 08 1.2
Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor, Including Multiple Presence
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Soread Box Beams Shear

y = 1.0729x + 0.0055 Shear in the Interior Girder, 1 Lane Loaded, Location 100.00 y = 1.0675x + 0.0032 Shear in the Interior Girder, 2 Lanes Loaded, Location 100.00

2
Ri=o0926 R®=0.9566
; -

Bridge Set 4: Spread Boxes

Bridge Set 4: Spread Boxes
Type b

Type b

Proposed L RFD Specification Distribution
Factor, Including Calibration, Multiple
Presence, and Distribution Simplification
Proposed LRFD Specification Distribution
Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

0.2 0.4 0.6 0.8 1.2 . 0.2 0.4 0.6 0.8
Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor, Including Multiple Presence

Interior One [Interior Multiple
=1.1371x + 0.0052 Shear in the Exterior Girder, 1 Lane Loadd EXterlor One EXterIor MUItIpIe , 2 Lanes Loaded, Location 100.00

R?=0.9452
147

o
©

Factors
o
o

Bridge Set 4: Spread Boxes

Bridge Set 4: Spread Boxes
Tvype b

Type b

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification
Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

Proposed LRFD Specification Distribution
Proposed LRFD Specification Distribution

0.2 0.4 0.6 0.8 12

02 0.4 06 0.8 12
Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor, Including Multiple Presence
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Soread Box Beams Moment

= Moment in the Interior Girder, 1 Lane Loaded, Location 104.00 .
y = 1.0651x + 0.0165 y = 1.065x - 0.0013 Moment in th

vy | Need updated figure

=
N}

2

g

o
©

Factors

I
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Bridge Set 4. Spread Boxes
Type b

Bridge Set 4: Spread Boxes
Type b

Factor, Including Calibration, Multiple
o
N

Presence, and Distribution Simplification

Factor, Including Calibration, Mult
Presence, and Distribution Simplification

Proposed LRFD Specification Distribution
o
(2}

Proposed LRFD Specification Distribution

0.2 0.4 0.6 0.8 . . . . . 0.8
Rigorous Distribution Factor, Includigg Multi i ictributi tor, Including Multiple Presence

Interior One
y = 1.0999x + 0.0056 Moment in the Exterior Girder, 1 Lane Ld EXt er I 0 r On e , 2 Lanes Loaded, Location 104.00

R =0.6184
1.4

/,

Bridge Set 4: Spread Boxes

Bridge Set 4. Spread Boxes
Type b

Type b

Multiple Presence, and Distribution
Simplification Factors

Multiple Presence, and Distribution
Simplification Factors
Factor (Appendix), Including Calibration,

Proposed LRFD Specification Distribution
Factor (Appendix), Including Calibration,
Proposed LRFD Specification Distribution

0.2 0.4 0.6 0.8 12
Rigorous Distribution Factor, Including Multiple Presence

0.2 0.4 0.6 0.8 1.2
Rigorous Distribution Factor, Including Multiple Presence
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Adjacent Boxes Shear (f & Q)

y = 1.0081x + 0.0904 Shear in the Interior Girder, 1 Lane Loaded, Location 100.00 y = 1.0601x + 0.0306 Shear in the Interior Girder, 2 Lanes Loaded, Location 100.00
R =0.9477 R*=0.968
1.4 1.

Bridge Set 6. Adjacent Boxes

Types fand g Types fand g

B
46 Bridge Set 6: Adjacent Boxes

]

[ blelo7e]

Proposed LRFD Specification Distribution
Factor, Including Calibration, Multiple Presence,
and Distribution Simplification Factors

and Distribution Simplification Factors

Proposed LRFD Specification Distribution
Factor, Including Calibration, Multiple Presence,

0+~ . .
0.2 0.4 0.6 0.8 0.6 0.8 1 1.2

Rigorous Distribution Factor, Including I n ter I O r On e I n terl O r M u Itl p I Factor, Including Multiple Presence
y = 1.0252x + 0.0074 Shear in the Exterior Girder, 1 Lane Loade Exter | 0 r On e EXter I 0 r M u |t| p | e er, 2 Lanes Loaded, Location 100.00

R =0.9899
1.4 7

Bridge Set 6: Adjacent Boxes
Types fand g

Bridge Set 6: Adjacent Boxes
Types fand g

]

f ' 0] eloal

| —

o]

Cel )%

0.2 0.4 0.6 0.8 1 1.2 . 0.2 0.4 0.6 0.8 1 1.2 1.4
Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor, Including Multiple Presence
R — ~ | 2\ A T e
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and Distribution Simplification Factors

Proposed L RFD Specification Distribution
Factor, Including Calibration, Multiple Presence,
and Distribution Simplification Factors

Proposed LRFD Specification Distribution
Factor, Including Calibration, Multiple Presence,




y=

Proposed LRFD Specification Distribution Factor

Adjacent Boxes Moment (f & Q)

1.0889x - 0.0066 Moment in the Interior Girder, 1 Lane Loaded, Location 104.00
R =0.9117

14 4

Bridge Sef 6. Adjacent Boxes
Types fand g
]

(Appendix), Including Calibration, Multiple
Presence, and Distribution Simplification

y =0.9994x + 0.0008

R2=0.8717 Moment in the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00

1.4 -

[N

o
©

o
o

Bridge Set 6: Adjacent Boxes
Types fand g
I

)

Distribution Factor (Calibrated)
o
=

Number of Lanes /Numer of Girders

RIDEEE

o
IN)

0.2 0.4 0.6 0.

Rigorous Distribution Factor, IncIucI I n teri O r O n e

1 12 1.4
stribution Factor

Interior Multiple

Proposed LRFD Specification Distribution
Factor, Including Calibration, Multiple Presence,
and Distribution Simplification Factors

1.2097x + 0.0102

R =0.8101
1.4 4

Bridge Set 6: Adjacent Boxes
Types fand g
]

[ @] pleloal

£ e

0.2 0.4 0.6 0.8 1 1.2 14

Rigorous Distribution Factor, Including Multiple Presence

Exterior Multiple

, 2 Lanes Loaded, Location 104.00

Bridge Set 6: Adjacent Boxes
Types fand g
I

(o] TeTo’e]

)
[ | \

Proposed LRFD Specification Distribution
Factor, Including Calibration, Multiple Presence,
and Distribution Simplification Factors

0.2 0.4 0.6 0.8 1 1.2
Rigorous Distribution Factor, Including Multiple Presence
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Adjacent Boxes Shear (d)

y = 1.0424x + 0.001 Shear in the Interior Girder, 1 Lane Loaded, Location 100.00 y = 1.0334x - 0.0002 Shear in the Interior Girder, 2 Lanes Loaded, Location 100.00

R?=0.8017 R =0.7972
1.4 1 144

I
N

o
©

Factors
Factors

o
~

Bridge Set 5. Adjacent Boxes
Typed

Bridge Set 5. Adjacent Boxes
Type d

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification
Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

I
N}

Proposed LRFD Specification Distribution
o
(2]

Proposed LRFD Specification Distribution

! ! 0+ .
0.2 0.4 0.6 0.8 ' ' 0 0.2 0.4 ) 0.8 1.2

Rigorous Distribution Factor, Includi |nte|’|0r One |nter|0|’ Mu Itl ple ctor, Including Multiple Presence
y = 1.0458x - 0.0032 Shear in the Exterior Girder, 1 Lane Load Ext er i 0 r On e Exte ri 0 r M u I t i p I e 2 Lanes Loaded, Location 100.00

R2=0.8782
1.4

I
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Bridge Set 5. Adjacent Boxes
Typed

Bridge Set 5. Adjacent Boxes
Type d

o
)

Presence, and Distribution Simplification
o
N

Proposed LRFD Specification Distribution
Factor, Including Calibration, M
o
(2]
Proposed LRFD Specification Distribution
Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

0.2 04 0.6 08 1.2 . 0.2 0.4 0.6 0.8 1.2
Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor, Including Multiple Presence
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Adjacent Boxes Moment (d)

y =1.0092x - 0.0072
y = 1.0575x - 0.0056 Moment in the Interior Girder, 1 Lane Loaded, Location 104.00 R =0.6711
R =0.8147

14

Moment in the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00

1.4 5

o

o

o

Bridge Set 5: Adjacent Boxes
Typed

Distribution Factor (Calibrated)

Bridge Set 5: Adjacent Boxes

Number of Lanes /Numer of Girders

I
N}

(Appendix), Including Calibration, Multiple
Presence, and Distribution Simplification

l
L

T T T . . . 0.8

Proposed LRFD Specification Distribution Fac tor

istribution Factor

=1.0627x + 0.0113
R?=0.5159
141

Bridge Set 5: Adjacent Boxes Bridge Set 5: Adjacent Boxes

Proposed LRFD Specification Distribution Factor
(Appendix), Including Calibration, Multiple
Presence, and Distribution Sim plification

Proposed LRFD Specification Distribution Factor
(Appendix), Including Calibration, Multiple
Presence, and Distribution Sim plification

0.4 0.6 0.8 . . 0.2 0.4 0.6 0.8
Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor, Including Multiple Presence
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oncrete | Section Shear

y = 1.0192x + 0.0026 Shear in the Interior Girder, 1 Lane Loaded, Location 100.00 y = 1.0413x + 0.0043 Shear in the Interior Girder, 2 Lanes Loaded, Location 100.00

R%= A R =0.887
0.9146
144 y 1.4
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Bridge Set 2: Slab on I-Girder
Type k

Bridge Set 2: Slab on I-Girder
Type k

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

o
N

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

Proposed LRFD Specification Distribution
Proposed LRFD Specification Distribution

1.4 0 0.2 0.4 . 0.8 1.2

Interior One [Interior Multiple oo
7 L0272 00054 Shear in the Exterior Girder, 1 Lane Loadg EXt er I O I O n e EXterl O r M u Itl p I e b, 2 Lanes Loaded, Location 100.00

R?=0.9889
1.4 4

Rigorous Distribution Factor, Including

I
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Factorg,
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Bridge Set 2. Slab on -Girder
Type k

Bridge Set 2: Slab on I-Girder
Type k

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

I
N

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

Proposed LRFD Specification Distribution
Proposed LRFD Specification Distribution

0.2 0.4 0.6 0.8 . E 0.2 0.4 0.6 0.8 1.2
Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor, Including Multiple Presence
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oncrete | Section Moment

y =1.0105x - 0.003
y = 1.0475x - 0.0074 Moment in the Interior Girder, 1 Lane Loaded, Location 104.00 R? = 0.9509
R®=0.8786
1.4

Moment in the Interior Girder, 2 - 4 Lanes Loaded, Location 104.00
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o
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Bridge Set 2: Slab on I-Girder

Bridge Set 2: Slab on I-Girder
Type k

Type k

Distribution Factor (Cdibrated)

o
[N}

(Appendix), Including Calibration, Multiple
Presence, and Distribution Simplification
Number of Lanes/ Number of Girders

Proposed LRFD Specification Distribution Factor

0 0.2 0.4 . 0.8

Interior Multiple

0.2 0.4 0.6 0.8

Rigorous Distribution Factor, Includ Distribution Factor

y = 1.0417x + 0.0049 Moment in the Exterior Girder, 1 Lane Lo er, 2 Lanes Loaded, Location 104.00
R?=0.9152
1.4

Bridge Set 2. Slab on -Girder
Type k

Bridge Set 2: Slab on I-Girder
Type k

Factor, Including Calibration, Multiple
Presence, and Distribution Simplification

Proposed LRFD Specification Distribution
Proposed LRFD Specification Distribution Factor
(Appendix), Including Calibration, Multiple
Presence, and Distribution Simplification

02 0.4 0.6 0.8 . . 02 04 06 08 1 12
Rigorous Distribution Factor, Including Multiple Presence Rigorous Distribution Factor, Including Multiple Presence
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Three-girder bridges

» Current uses Equations for boxes
> Proposed requires lever rule




WS DOT Example

> Three-girder tub
> 16 ft spacing
> 60 degree skew

AASHTO SCOBS Main Session -- Delaware
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Outstanding Issues (as | see ‘em)
DDV

> Over simplified?
» Should we postpone????
> Different coefficients for number of lanes?

» Change from unified approach to best approach
for each type, I.e., LR, Uniform adjusted?

Remove uniform approach for all.

» Threegirders
o Boxes
« Open sections

» Skew adjustment for moment — stiffness?
» Combine slab on girder bridge types




Questions, Discussion




End of Talk
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Additional work

> Review/revise tub girder systems

> Develop presentation materials to help explain this
IN a more understandable manner

» Suggestions welcomel!




excellent 2 0.9 0.90 > good 2 0.80 | 0.80 > acceptable> 0.70 | 0.70 > poor > 0.50 | bad < 0.5
Method
Bridge Action Girder | Lanes | sanders | AASHTO CHBDC LRFD [ Alternate | Uniform |Lever Rule] Best
Set Locations| Loaded | and Elleby| Standard for Distribution Method
Specification Moment
Exterior 1 bad bad bad good bad excellent Lever
2 or more bad bad bad good bad excellent Lever
Shear NA
Interior 1 good good good good acceptable good Lever
1 2 or more good good good acceptable good excellent Lever Slab On
. 1 bad bad bad acceptable bad poor good Lever Steel |
Exterior
Moment 2 or more bad bad bad good bad poor good Lever
Interior 1 bad bad bad bad poor bad bad Alternate
2 or more| acceptable poor acceptable Jacceptable Jacceptable good acceptable] Uniform
. 1 bad bad bad excellent poor excellent Lever
Exterior
2 or more bad bad bad acceptable poor excellent Lever
Shear NA
Interior 1 good good good excellent acceptable] excellent Lever
2 2 or more good good good good excellent good Uniform Slab on
) 1 bad bad bad good bad poor excellent Lever Concrete |
Exterior
2 or more bad bad bad good bad poor excellent Lever
Moment
Interior 1 poor poor acceptable good good bad poor Alternate
2 or more good good good good good excellent good Uniform
. 1 poor poor poor good good excellent Lever
Exterior -
2 or more poor poor poor excellent excellent | excellent | Uniform
Shear NA
Interior 1 good good excellent excellent acceptable] excellent Lever
3 2 or more| excellent good excellent good excellent good Uniform CIP Tees
Exterior 1 poor poor poor good bad acceptable] excellent Lever
Moment 2 or more poor poor poor excellent bad excellent | excellent | Uniform
. 1 poor acceptable good excellent poor poor acceptable] Lever
Interior
2 or more good acceptable good excellent poor excellent poor Lever
) 1 acceptable good acceptable | excellent good excellent Lever
Exterior
Shear 2 or more good good good excellent NA excellent | excellent Lever
. 1 good excellent good good acceptable] excellent Lever
Interior
4 2 or more| excellent excellent excellent excellent poor excellent Lever Spread
. 1 poor poor acceptable poor poor poor poor CHBDC Boxes
Exterior
2 or more good good good good bad poor good CHBDC
Moment
. 1 bad poor bad poor poor bad poor Lever
Interior -
2 or more bad poor poor poor poor excellent poor Uniform
. 1 bad bad bad good acceptable good Lever
Exterior
2 or more bad bad bad acceptable acceptable] excellent Lever
Shear NA
. 1 bad good good acceptable poor good CHBDC
Interior Cast-In-
5 2 or more bad good good good poor acceptable] LRFD Place
Exterior 1 bad bad bad bad poor bad bad Alternate Boxes
Moment 2 or more bad bad bad bad poor poor bad Alternate
Interior 1 bad bad bad bad good bad bad Alternate
2 or more bad bad bad poor good bad bad Alternate
. 1 good good good excellent good excellent Lever
Exterior
2 or more good good good excellent excellent | excellent Lever
Shear NA
. 1 acceptable] acceptable | acceptable good acceptable] excellent Lever
Interior .
6 2 or more good good good excellent excellent | excellent Lever Adjacent
Exterior 1 poor poor poor acceptable Jacceptable poor acceptable| Alternate Boxes
2 or more poor poor poor good acceptable] excellent ] acceptable] Uniform
Moment 1 bad bad bad bad I bad bad__ | Al
Interior a a a a excellent a a ternate 5COBS Main Session -- Delaware
2 or more poor poor poor poor good excellent poor Uniform July 2007




Moment

Method

Bridge
Set

Lanes
Loaded

Alternate for
Moment

Uniform
Distribution

Lever Rule

Best Method

Exterior

1

bad

poor

good

Lever

2 or more

bad

poor

good

Lever

1

bad

poor

excellent

Lever

2 or more

bad

poor

excellent

Lever

1

bad

acceptable

excellent

Lever

2 or more

bad

excellent

excellent

Uniform

1

poor

poor

poor

CHBDC

2 or more

bad

poor

good

CHBDC

1

poor

bad

bad

Alternate

2 or more

poor

poor

bad

Alternate

1

acceptable

poor

acceptable

Alternate

2 or more

acceptable

excellent

acceptable

Uniform

Interior

1

poor

bad

bad

Alternate

2 or more

acceptable

good

acceptable

Uniform

1

good

bad

poor

Alternate

2 or more

good

excellent

good

Uniform

1

poor

poor

acceptable

Lever

2 or more

poor

excellent

poor

Lever

1

poor

bad

poor

Lever

2 or more

poor

excellent

poor

Uniform

1

good

bad

bad

Alternate

2 or more

good

bad

bad

Alternate

1

excellent

bad

bad

Alternate

2 or more

good

excellent

poor

Uniform
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Sde Sudy

Number of Girders:

6

Girder:

MN BT72

de, ft.

1.5

Span Length, ft:

130

Kg term:

1.1

Girder:

interior

Lanes:

multiple

Wit

v

4
Mo—s'ced-

LRFD

—x—S/11

—m— Concrete -k

a
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Sde Sudy

MN manual

MN Design Manual Bridge  [garer wiam,

1.66
9.00
130.00

1.01
1.23
-0.12

—a— Present

Proposed

—e— Rigorous

(-
C
O
]
)
QO
—
)
i
A

8 10

Number of Girders
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The Problem

Fig. #.5 [8) Slob-gicder brilgs, ard (B) lead mansie {baldface Lnes indicare largec
ECLWINE].
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Simplicity

Accuracy,
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Adjustment above Mean
Sab-on-Sed | Girder Bridges

Type of Bridgs Analysis Factor Computations

No. of Std. Dev. Offset p = 1- Used | Mo. of Std. Dev. Offset p = 0.5- For | MNo. of Std. Dev. Offset p = 0.0 - For

Basic Girder Ralic of for Specification and Appendix Reference Reference

Method et Lanes Loaded Figures N Inverse

No. of |Computed| Rounded Mo. of  |Computed Rounded Mo. of  |Computed Rounded
td. Dev | Analysis Analysis Std Dev | Analysis |Analysis Factor| Std Dev | Analysis | Analysis Factor
Offset Factor |Factor (B =1)] Offset Factor (p=035) Offset Factor (p=0.10)
(5/R)” Vor B Ya ¥s (rounded) B ta Ya (rounded) B Ya Ya (rounded)
Exterior 1 Lane 0994 0.056 10 1.050 105 05 1022 1.00 0.0 0.994 1.00
Calibrated 2 or More Lanes 0.989 0.072 1.0 1.067 1.05 0.5 1.025 1.00 0.0 0.989 1.00

Lever Interior 1Lane 0.984 0.078 1.0 1.062 105 0.5 1.023 1.00 0.0 0.984 1.00

2 or More Lanes 0 985 0.116 10 1.101 110 05 1043 105 0.0 0.985 1.00

Calibrated
Lever
Uniform
Distribution
Calibrated
Lever
Uniform
Distribution

1Lane 0996 0.086 1.082 05 1039 00 0.996
Exterior

2 or More Lanes 1.004 0.133 . 1.137 0.5 1.071 . 0.0 1.004

Proposed 4 5.2 2

Moment

1Lane 1.007 0.198 . 1.205 05 1.106 . 0.0 1.007

]
@
a
=
o
o
i
]
=l
=
]
T
B
)

Interior

2 or More Lanes 1.012 0.059 1.0 1.071 05 1.042 . 0.0 1.012

A\‘ata hethod for Moment

Calibrated 1 Lane 0.086 \1_0 1.082
Lever
Exterior

Callbrated 2 or More Lanes 0.129 \ 1921
Lever

Alternate Lo 0.099 1_0\ 1,091
0

hdoment

M
ethod Interior \
Uniform

Distributian

2 or More Lanes 0.058 1.

Proposed Appendix C

(a)
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@ @
A »
a a
Ul c »]0)(>s
Analysis Factor Computations
MNo. of Std. Dev. Offset p =1 - Used | No. of Std. Dev, Offset p=0.5-For | No. of Std. Dev. Offset p=0.0-For
; ; ) for Specification and Appendix Reference Reference
Action N?eatilgd Lfé:r;ti:n Lanss Loaded | Figures | Ratioof \o o o Cov
Means Mo, of [Computed] Rounded Mo. of [Computed]  Rounded Mo. of [Computed]  Rounded
Sid. Dev. | Analysis Analysis Std. Dev. | Analysis |Analysis Factor| Std. Dev. | Analysis |Analysis Factor
Offset Factor | Factor (=11 Offset Factor (p=025) Oiffset Factor (p=00)
SR (S/R)" Y om B Vs e (rounded) Jél Ya s (rounded) Jél Ya s (rounded)
o Exterior 1Lane 53¢ 1.005 0895 0.067 1.0 1.062 1.10 05 1.029 1.05 00 0.995 1.00
g Calibrated 2 or More Lanes S4c 0,982 1.018 0.083 1.0 1.101 1.10 0% 1.060 1.05 0.0 1.018 1.00
5] Lever Interior 1Lane 55¢ 0975 1.026 0.251 1.0 1.277 1.30 0% 1.151 1.15 0.0 1.026 1.00 oy
2 or More Lanes 56c 0.987 1.013 0.174 1.0 1.187 1.20 05 1.100 1.10 0o 1.013 1.00 g
Calbrated 1Lene 576 0975 | 1026 | 0245 1.0 1.271 1.30 0.5 1.148 1.15 0.0 1.026 1.00 I
Lever . @
Exterior in
= nifarm b
T - 2 or More Lanes 58c 0.980 1.020 0.149 1.0 1.169 1.20 0s 1.085 1.10 0o 1.020 1.00 o
= Distribition £
(=] N
= Caﬁ'g\:’:ﬁed 1Lane 59c 0991 | 1000 | 0405 1.0 1414 145 0.5 1212 1.20 0.0 1.009 1.00
Uni Interiar
rorm 2orMore Lanes|  60c 0989 | 1.011 0.087 1.0 1.098 1.10 0.5 1,085 1.05 0.0 1.011 1.00
Distribution
Alternfts Method for Maments
Alternate 1 Lane 81c 0978 | 1022 | 0273 1.0 1295 130 05 1159 115 0.0 1,022 1.00 O
Mathod ) =
- Unitorm Exterior i
T Distributi 2 or More Lanes 82c 0.980 1.020 0.149 1.0 1.169 1.20 0% 1.095 1.10 0.0 1.020 1.00 e
c istribition %
(=]
= | Alemate 1Lene 83c 0978 | 1022 | oam 1.0 133 115 0.5 1.078 1.10 0.0 1.022 1.00 2
hlethod n
Interior o
Uniform e
2 or More Lanes 34c 0.989 1.011 ooy 1.0 1.09 1.10 05 1.055 1.05 00 1.011 1.00 s
Distribution o
Good I\ | ﬂ
H I
(typical) | ID [ofofo
but
Some are f
high




Analysis Smplification Factors

Analysis Factor Computations

Mo, of Std. Dev. Offset p = 1- Used | Mo. of Std. Dev. Offset p =0.5-For | No. of Sid. Dev. Offset p = 0.0- For

Basic Girder Ratio of for Specification and Appendix Reference Reference

Action Method | Location Lanes Loaded | Figures Mears Inverse

MNo. of  |Computed Rounded Mo, of  |Computed Rounded MNo. of  |Computed Rounded
Std. Dev. | Analysis Analysis Std. Dev. | Analysis |Analysis Factor| Std. Dev. | Analysis |Analysis Factor

Offset Factor |Factor (B =1)| Offset Factor (p=05)] Offset Factor (p=0.0
(S/R)" V gm B Ya s (rounded) B /Q\\%\(munded) B Yo v, (rounded)
Exterior 1Lane 0.994 0.058 1.0 1.050 105 O.Q 1.022 )1.00 0.0 0.994 1.00
Calibrated 2 or More Lanes 0939 0.072 10 1.061 1.05 0.5 1075 1.00 0.0 0.989 1.00
Lever Interior 1 Lane 0984 0.078 10 1.062 105 05 1023 1.00 0.0 0.984 1.00

2 or More Lanes 0.985 0.118 1.0 1.101 1.10 0.5 1.043 1.05 0.0 0.985 1.00

Calibrated
Lever
Uniform
Distribution
Calibrated
Lever
Uniform
Distribution

1Lane 0.996 0.086 1.0 1.082 1.10 05 1.039 1.05 0.0 0.996 1.00
Exterior

2 or More Lanes 1.004 0.133 . 1.137 115 05 1.071 1.10 0.0 1.004 1.00

Proposed 4 6.2 2

homent

1Lane 1.007 0.198 1.205 1.20 0.5 1.106 110 0.0 1.007 1.00

[l
@
=%
>
=
o
o
@
b=l
=
O
o
@
=z
o)

Interior

2 or More Lanes 1.012 0.058 . 1.071 0.5 1.042 . 0.0 1.012

Alternate Method for Moment

Calibrated
Lever
Calibrated
Lever
Alternate
Method
niform
Distribution

1Lane 0.088 . 1.082
Exterior

2 or More Lanes 0.129 . 1.121

homent

1 Lane 0.089 . 1.081
Interior

2 or More Lanes 0.059 . 1.071

Proposed Appendix C

AASHTO SCOBS Main Session -- Delaware
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Basics Behavior

Stiff Deck

el at! Ve All analysis and numerical
to Girders— ‘lm- approaches attempt to quantify this
better behavior
distribution,
more Somewhere between Equal (Rigid
uniform bggé’)

Lever Rule

AASHTO SCOBS Main Session -- Delaware

July 2007




Pl Bias for a Smple Method

« Analytically based approach

o Canadian Specification
Orthotropic Plate Theory
o— [3 space




Supporting Components

Type of Deck

AASHTO Letter
(see Table
46.2.2.1-1)

Analytical Group Type

Number of Bridges

NBI 1990 - most
recent

NBI Total
Inventory

Number Skewed

Steel Beam

Cast in place concrete
slab, precast concrete

a

slab on girders

1427

30.0%

151898

66263
43.8%

Closed Steel or Precast
Concrete Boxes

Cast in place concrete
slab

b

slab on girders

1464

3.1%

7847

3075
63.4%

Open Steel or Precast
Concrete Boxes

Cast-in-place concrete
slab, precast concrete slab

slab on girders

1811

3.8%

3546

62.0%

Cast-in-Place Concrete
Multicell Boxes

Monolithic Concrete

slab on girders

L~ 300]

C 0.8%

)

3677
65.3%

Cast-in-Place Concrete Tee
Beam

Monolithic Concrete

slab on girders

e ——RYT

1.3%

11340
40.3%

Precast Solid, Voided, or
Cellular Concrete Boxes with
Shear Keys

Cast-in-place concrete
overlay

monolithic slab and girders

_5320)

( 11.2%

9514
53.6%

Precast Solid, Voided, or
Cellular Concrete Boxes with
Shear Keys and with or
without Transverse
Posttensioning

Integral Concrete

monolithic slab and girders

oo
TOD

2.0%

1396

49.0%

Precast Concrete Channel
Sections with Shear Keys

Cast-in-place concrete
overlay

slab on girders

40

0.1%

82

Precast Concrete Double
Tee Section with Shear Keys
and with or without

Transverse Posttensioning

Integral Concrete

slab on girders

208

0.4%

Precast Concrete Tee
Section with Shear Keys and
with or without Transverse
Reinforcement

Integral Concrete

slab on girders

208

0.4%

851

NBI| Database

Precast Concrete | or Bulb-
Tee Sections

Cast-in-place concrete,
precast concrete

slab on girders

_— 14168

( 29.8%

53285

Wood Beams

Cast-in-place concrete or
plank, glued/spiked panels
or stressed wood

slab on girders

1571

3.3%

4213
15.8%

Not Applicable

Not Applicable

Slabs

6799

14.3%

—

20728

37.1%

47587
100.0%

353845

MElVSVASY 5 o 5o -- Delaware
July 2007




Using Distribution Factors

M

design(rigorousestimate) — M beamg




Affine Transformation (example)

y, =1.63x—-0.2644 Y, = Yi :1'63X_O'2644:x_o_1622
1.63 1.63 1.63

y,=Y,+0.1622 = 1323 +0.1622=x-0.1622+ 0.1622=X

g(CaJibratedIever rule): amgLever rule + bm slope
where

a, = i=O.61 andb_=0.1622
1.63

and
O caibratediever ruiey | StheCAibrated distribution factor, and

0L rue I Sthelever ruledistribution factor computed with thetypi cal manual approach.

AASHTO SCOBS Main Session -- Delaware
July 2007




Observations

> Severd
1=iglele

errors in user test cases with present

> User ty

nically applied proposed correctly

» Misunderstandings have been clarified with

Revision 1 modifications

Revised DOT computations have been
orovided with rigorous in many cases




