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Topics:

Construction Control: Driven Piles

Static Load Test LRFD Calibration- “MnPile”
Dragload/Downdrag

Large Diameter Piles

Shallow and Geosynthetic Reinforced Soil (GRS)
Foundations

Reports/Recommendations
Performance Monitoring/Instrumentation
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Construction Control: Driven Piles

e Different methods with different LRFD
resistance factors

e AASHTO values and/or local calibration

Table 10.5.5.2.3-1—Resistance Factors for Driven Piles

Condition/Resistance Determination Method

| Nominal Bearing Resistance

| of Single Pile—Dynamic

| Analysis and Static Load Test
| Methods, @,

Driving criteria established by successtul static load test of at

least one pile per site condition and dynamic testing® of at

least two piles per sile condition, but no less than 2% of the
roduction piles

Driving criteria established by successful static load test of at
least one pile per sile condition without dynamic testin

Driving criteria established by dynamic testing* conducted on
100% of production piles

Driving criteria established by dynamic testing,* quality

control by dynamic testing® of at least two piles per site

condition, but no less than 2% of the production piles

Wave equation analysis, without pile dynamic measurements

or load test but with field confirmation of hammer
erformarice

FHW A-modified Gates dynamic pile formula (End of Drive

condition only)

Engineering Mews (as defined in Article 10.7.3.8.5) dynamic
pile formula (End of Drive condition only)

Resistance

* Dynamic testing reguires signal matching. and best estimates of nominal resistance are made from a restrike. Dynamic tests are
calibrated o the aiaiic load wst, when available,




MnDOT Construction Control Methods

e [Factored Resistance > Factored Load
— MnDOT dynamic formula (¢ = 0.4)
— PDA/CAPWAP (¢ = 0.65)
— Static Load Test (¢ = 0.8)

 Nominal Bearing Resistance
— Geotechnical Failure; Pile Deflection; Static Equilibrium
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Construction Control (¢ = 0.4)
e “MnDOT formula”

— Most common control method for
state bridge projects in MN

— Predicts pile capacity

W = Weight of striking part of hammer (pounds)
H = Height of fall (feet)
E = W*H (ft*Ib of energy per blow/full stroke)
M = Weight of pile plus driving cap (pounds)
S = Avg. penetration (inches) per blow

for the last 10 or 20 blows

Geotechnical Updates




Construction Control (¢ = 0.65)

 PDA/CAPWAP

— Pile Driving Analyzer

— High Strain Dynamic Monitoring and Wave Equation
Analysis: Case Pile Wave Analysis Program

— Predicts pile capacity based on force and velocity
— Note: Send ALL electronic/hard-copy output to MnDOT
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Construction Control (¢ = 0.8)

o Static Load Test (SLT)

— Run to geotechnical failure

— Provide high level of confidence
for capacity

— Measure capacity
— Davisson Offset Failure Criterion
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Due to the Mn/DOT dynamic equation over-prediction and large scatter,
the obtained resistance factors were consistently low, and a resistance

factor of ¢p = 0.25 is recommended to be used with this equation, for both
H and pipe piles.

The reduction in the resistance factor from ¢ = 0.40 currently in use, to ¢
= 0.25, reflects a significant economical loss for a gain in a consistent level
of reliability. Alternatively, one can explore the use of other pile field
capacity evaluation methods that perform better than the currently used
Mn/DOT dynamic equation, hence allowing for higher efficiency and cost
reduction.
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New MNnDOT Formula

e Two studies to refine and improve formula
— Based on SLT database
— Collection of MnDOT case studies
— Based on MnDOT pile driving practice/local projects
— Existing formula could be improved

e Adopt new formula
— Conduct static load tests to locally calibrate
— Adjust resistance factors as more data iIs available
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Equation Description Reference

1207 *h) Engineering
= - Drop Hammer News-Record

z S+0.1 (1892)

R

R, =27.11/E, *e, (1-logs) Gates

(1957)

. = a " N Modified Gates FHWA
R, =1.75,/E, *log(10* N)—100 Fuation (5

Washington
R, :6.6$Fgﬂ, *E*ILn(10N) State DOT
(Allen, 2005)
_ 10.5E W +0.1M Uniform Format Minnesota DOT

T S 02 WM for all piles (2006)

g fE See Chapter 6 First Stage Proposed
R, =35, E, X Iug(l DN) for details New Mn/DOT Equation

R

Notes:
R,= ultimate carrying capacity of pile, in kips Ln= the natural logarithm. in base “e”
W= mass of the striking part of the hammer in pounds W= weight of falling mass, in kips
M= total mass of pile plus mass of the driving cap in pounds  s= final set of pile, in inches
E= developed energy, equal to W times H, in foot-kips (1.4)  N= blows per inch (BPI)
E= energy per blow for each full stroke in foot-pounds (1.5)  h= height of free fall of ram. in feet
e,= efficiency F.s= hammer efficiency factor
E,= rated energy of hammer per blow, in kips-foot




New MNnDOT Formula

« New MnDOT formula (in final development)
— Planned for 2013 projects; training this winter
— Decreases variability (reduced variance/scatter)
— Improved LRFD resistance factor

« Anticipated for use on most projects:

— dense solil layers and end bearing piles
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Time, Cost, and Project Value

 Dynamic Formula
— Shallow bearing layers (common)
— Small # of Piles
— Dynamic formula is sufficient in most cases

« PDA/CAPWAP

— Friction piles

— Soil set-up

— Pile damage possible

— High capacity piles/large # of piles
o Static Load Test (SLT)

— High value projects; expensive foundations
— LRFD calibration
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Impact of Construction Control

 Resistance Factors
— Dynamic formula, PDA/CAPWAP, Static Load Test

e 100 tons factored load (for design purposes)

* Field Verification:
— 100 tons/(¢p = 0.4) = 250 tons = R,
— 100 tons/(¢p = 0.65) = 153 tons = R,
— 100 tons/(¢p = 0.8) = 125 tons = R,

Rn = Required ‘Nominal Bearing Resistance,’ at the
Strength Limit State, measured in the field for
the SPECIFIED type of construction control method
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Impact of Construction Control

 Dynamic Formula vs. SLT

» 100 tons factored load/(¢p = 0.4) = 250 tons = R,
— 855 elevation

e 100 tons factored load/(¢p = 0.8) = 125 tons = R,
— 915 elevation; 60 ft. shorter
— (60° * $30/ft.) = $1,800
— $1,800 * 30 piles = $54K
— SLT cost estimate = $24K
— Project Savings ($54K - $24K) = $ 30K
* Plus MnPile program benefit

e Consider construction control method “value”
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Nominal Bearing Resistance = Geotechnical Capacity = Static Equilibrium

Geotechnical Updates




“MnPile” SLT Program

Determine actual ‘load/deflection’ performance

Compare performance results with static predictions,
MnDOT formula, and PDA/CAPWAP, based on criteria

e 500 ton and 1000 ton Frames
—Victoria: BR 10003 (June 2012)

—Shoreview: BR 62717 (July 2012)
—Dresbach; Butterfield (2013)
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Sample project types for SLT consideration
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SLT and MnPIlle

« Additional Investment:
— Plan details (pile arrangement + piles)
— Special provisions, sequencing, time
— Coordination and planning w/Districts

e Benefits:

— Provides project and program cost savings (¢ factor)
o Sites are pre-selected for project/program benefit
* Fewer piles or higher capacity
e Improved quality control

— Useful for proving high capacity pile strengths

— Critical component of formula calibration

— MnDOT provided frames improve efficiency
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Pile Dragload/Downdrag

e Large (measured) strains/loads
o Mitigation strategies produce variable results

n_a_gi_ti\re
riction firm sail

frictional or shearing

T. b
] 4~ resistance between
pile and soil

l"“-—- end bearing
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Dragload
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Dragload, Dead Load, Live Load
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Pile Dragload/Downdrag

 New policy Iin development (2013)
— Incorporates MnDOT performance monitoring
— Strength limit
 Pile structural capacity
— Service limit
 Pile head deflection
 All cases except piles to rock
— Performance Monitoring
« Mitigation strategies
— Embankment preload/surcharge
— Pile sleeves; coatings
— Eliminate new load or design for additional load
— Spread footings
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Large Diameter Piles
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Large Diameter Driven Piles

e Used for long span bridges
— Wakota, Lafayette, Hastings
— Dresbach, St. Croix

* Load tests (Statnamic)

e Driven open-ended
— Filled with concrete
— To bottom of seal or minimum 10’ below scour elevation

 |f additional structural strength iIs required
— Thicker wall

— Additional reinforcing steel inside
« Consider constructability
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Spread Footings

e Now more common
— Better prediction methods
« SCPTu, DMT, PMT

— Improved performance
monitoring data

— Cost effective
— Similar deformations to

adjacent embankments

‘-

F . Linvia...._




Spread Footing Monitoring

O
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Nominal Bearing Resistance Graph
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Foundation Recommendations Form

FOUNDATION AND OTHER Report Ho.
RECOMMENDATIONS
Bridge Construction Uit Location
Estiraated *Factored Fetimated
! Fartored ; ; rmle
Bottom Spregd Footing | pi. Beaing Pile Type and Size Pile Lengths
: . Elewation of SATINT . :

Unt Station = e Resistance, Steel CIF Test Piles Fomndation
Bent Cap Dty (tsf) Fy (tons) H Concrete . Length Pile Length

4
e R e

*Based on Foundation Engineer's Recomme ndations dated Scour Recommendations

Substrocture By,

Use special pay iterns for piling O Bemarks (Basis for sbove determinations):
Use thick wall pipe pie option - - -
Use the following pile tip protection 1 - BaS I C p rOJ eCt I nfo

O Pile points
O Pile tip protection - b 1
Use Inrp sum exeavation ttem (except where rock excavation indicated) 2 = S u Stru Ctu re u n I t
Excaration to be incidental (to 1443 Concrete or other)

Cromerete seal recuived 3 - Ap p I’OXI m a.te Stati O n

*Tirne delay recomrmended for approach erbankrnent settlernent:

o 4. Estimated Bottom fot

O Heone

Otter Recommendations: 5. Factored bearing res

0 Use special concrete placement procedmres on deck pows (for skewed
brdges, ste.)

0 Patolorof osirom e s 6. Additional info and r¢

Diate preliminary recelved by reviewer Besriewed by Conewrred by Drate

ce: Foundations Engineer, Prelinanary Plans Engineer (3 copies), & Program Clerk

1171406
BRI®3 o
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Nominal Bearing Resistance, q,,

e Foundation report will provide the nominal
bearing resistance, q,
— On rock, q,, for all footing widths
— On soll, q, is plotted graphically g, vs. B¢fective)

* Foundation report provides q,, based on
— Bearing failure - strength limit state

— Tolerable settlement criteria - service limit state
* 1” max currently used in most cases by Mn/DOT for soil
e Higher deflections may be permitted with monitoring
« Footings on rock assumed to satisfy service limit state
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GRS-IBS Abutments

« Geosynthetic Reinforced Soil Integrated Bridge System
e MnDOT/FHWA: Rock County project

Not approved for use at this time- specification, erosion potential,
and approved material considerations (among others) are unresolved.
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Reports and Recommendations

e State Projects
— Foundation Investigation Report
— Bridge Construction Foundation Recommendation

[ Bridge Mo. __T3037
f

Estimated | . : Factored Estimated
_Borom | Spread Fooling | pye pearing Pile Lengths
Elevationof |  Bearing Resistance,

Resistance 2

By, (tsh) DRy, (tons)

| looe

Pier 2
| North Abut,
.

Scopr Recommendations 6-13-07 r

_X  Remarks (Basis for above determinati
thick wall pipe i |

: the following pile tip protection | Specify that the pier piling be drivin to a minimum penetration of tip
___ Pilepoints | elevation 1130. (Preliminary estimated scour elevation is 11454, Ifa final |
— Piledpprotection ___ analysis for scour is significantly deeper, the minimum pile tip elevation may
Iump sum excavation item (except where rock excavation indicated) | be revised).
Excavation to be incidental (to 1443 Concrete or other)
ncrete seal required | Do not required PDA (Pile Analysis) in the special provisions.
ime delay recommended for approach embankment settlement: -
ok o months | 72 hour time delay for settlement of embankment is only at North Abutment.
_X T2 Hrs- North Abutment -
X None - South Abutment .
Recommendations:
X Use special concrete placement procedures on deck pours (for skewed
bridges, etc.)

Reviewed by ___B.A_Twen Concurred by

i inary inee pies), & Program Clerk
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Reports and Recommendations

 CSAH Projects
— Geotechnical Consultant Report
— Bridge Design Consultant

e Report should address:

— Foundation type (Strength)
 shallow, piles, shafts, etc.

-

— Construction control choice
 Dynamic formula, PDA/CAPWAP, SLT
* Project value (strata, damage, cost)
— Settlement (Service)

 Waiting periods/settlement
plates/instrumentation

— Scour, downdrag/dragload
— Stability (where appropriate)
— Other considerations- utility conflicts, erosion

£ 58888 Fvs

-

mi 2y ey N
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Performance Monitoring

* |Instrumentation: (during construction/service)
— Piezometers
— Inclinometers/ShapeAccelArrays (SAA)
 (horizontal/vertical/angle)
— Settlement plates, settlement cells
— Strain gages/earth pressure cells/tiltmeters
— Survey targets/prisms

Arm"i’ . -
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Questions?

— Driven Piles

— Instrumentation

Thanks for your
Geotechnical Updates participation.




MnDOT Bridge Office 2012 LRFD Workshop - June 12, 2012

Wall Selection,
Design and Details

Paul Pilarski
Senior Engineer




Outline

Foundation Analysis and Design
Recommendation (FADR)

Wall Types

Wall Design Process, Plan and Spec
Requirements

Contacts and References
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FADR

Foundation Analysis and Design
Recommendation (FADR)

Design parameters
Address global stability
Document ground water level

Required for:

— Proper wall selection

— Excavation requirements
— Drainage design

— Long term performance
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FADR

Service bearing and settlement estimates
Strength bearing
Foundation preparation requirements

Pile type, estimated pile tip elevation and
length, pile setup

Embedment of cantilevered walls

Verify soils are consistent with assumptions In
Standards
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W/all Types

o CIP Cantilever (and Counterfort)

e MSE
— Thin panel
— Blocks

Gravity Blocks

Specialty Walls
— Sheetpile
— Anchored

Noise walls
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Common Retaining \Xall Types

e Cast In Place Concrete (CIP)

e MSE Walls

— MSE walls with thin precast panels ™
(5 to 6 structural thickness
panels)

— Prefabricated Modular Block
Walls, wet cast “Big Blocks” with
soil reinforcement (PMBW)

— Modular Block Walls, dry cast _
“small blocks” (MBW) with soil > Proprietary &

reinforcement

e Gravity Walls

— Prefabricated Modular Block Walls
wet cast “Big Blocks” without soil
reinforcement (PMBGW)

— Modular Block Walls, dry cast
“small blocks” (MBW) without soil )
reinforcement

Prequalified
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Cantilevered CIP walls

5 - 30ft
Benefits:

e Aesthetics
e Durability
e | ess Backfill
Limitations:

e Piles or large subcut may
be required

e Relatively long
construction time

Economical In:
e Moderate cuts

Retaining and Noise Walls ® Fl I IS




Cantilevered /all CIP Standards

WORKING LINE LEVEL FILL-N0 SURcHArGE | CONCRETE 2 LIVE LOAD SURCHARGE 1:2 FILL SLOPE

ALONG FRONT PARAPET
OR F RAIL E

FACE OF STEM

Not applicable when:

e High water or non-drained backfills

 Other wall types more cost effective
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Cantilever Retaining Wall Standards

e Updated, LRFD standards are being developed

« Eliminating standards for walls supported on
timber piles
« Using only 100 ton (CIP and H-Pile) piles
 New standards:
— Use fewer shear keys for sliding resistance
— TL-4 barriers

— Address construction tolerances
— Refined stem reinforcement
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Cantilever Retaining Wall Standards

Level fill tolerance to 1V:6H backfill slope
Pile layout guidance

Spread footings - Service and Strength bearing pressure
and effective width given:

UNIFORM PRESSURE DISTRIBUTION TRAPEZOIDAL PRESSURE DISTRIBUTION
' * STRENGTH

| PRESSURE
KSF

.
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Counterfort Retaining Xalls

40 - 60ft Fills
- Benefits:
VF  Aesthetics
(i = Durability
e Less Backfill
Limitations:
Costly
More forming and pours
Piles or large subcut
may be required

Relatively long
construction time
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MSE Thin Panel \X/alls

10 - 50 ft

(Fill situations)

Benefits:

e Rapid construction
Relatively low skill

labor

Facing flexibility
Can accommodate
some settlement

Retaining and Noise Walls

Source: Crosstown Project




MSE Thin Panel \X/all Limitations

Water table
Utility restrictions
Settlement control

Large amount select
backfill

Construction season
limited

Corrosion In
aggressive
environments

ChSa s

Source: TH 169
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Additional MSE Considerations

e Barrier cannot contact panel
e Provide 2” min. movement gap

GUTTERLINE

MOMENT SLAB

2" GAP

e Detalls of traffic barriers, moment slabs,
coping, fencing and drainage

e Leveling pad at proper depth

e No planting above wall

e No excavation near/into wall
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Reinforced Soil \X/alls

Acute Corner Angles >70 deg.

| il ST LT W ———
W 7T T W

. ~— i - - Pt iy ¥ —

Source: Monticello 1-94 Project 07-2010
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PMB\XY and PMBG\X/

Up to 16” high,
48 wide,
60’ deep

Approved Suppliers:
http://www.dot.state.mn.us/products/walls/PMBW.pdf
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PMB\X/ and PMBG\WX/

PEDESTRIAN FENCE ‘ PEDESTRIAN FENCE ‘ WALL cowsxoznzo TO suPPORT JI¥ALL
f NEEDED) (IF NEEDED) VEHICULAR TRAFFIC |g$,§g,%ﬁ,“5&.,,gm
>

TRAFF
- 11'-0* MIN. =

NO
VEHICULAR VEHICULAR DRAINAGE DITCH —je (H) TO 1 (V) MAX

TRAFFIC TRAFFIC ALLOWED

Z |OPTIONAL ~
* N—{ SIDEWALK *
7 | ALLowED

FINISHED -
ROUND unc}_\ £

FINISHED - A PABRIE 4'-0" MIN. ,_7%0 7 H MIN,
caouuouneh ; R

. 'FINISHED
"GROUND LINE

(Also applies to MSE with
Thin Panel Face)
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Prefabricated Modular Block \X/alls
PMB\X and PMBG\WX/

Up to 18 ft general
fl range - limitations for
p roadway

eAdaptable to site
conditions

eCan resist high

~. horizontal pressures

_ Limitations:
' «Soil reinforcement

requires permanent
easement or ROW

eSettlement < 1/200

NES,
Pt S0
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Modular Block alls (MBW/)

 Modular Block Gravity Wall aka “small block”
aka “Segmental Concrete Masonry Units™
— Reinforced < 12-ft tall, 10-ft exposed

— Unreinforced (Gravity only) not permitted to support
roadway

— Termed “MBW?”’” when soil reinforcement added
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Dry Cast Modular Block \¥/alls (MBW/)
with Earth Reinforcement

Width 18
Depth 18
Height 8”

Keystone Retaining Wall Block
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Dry Cast Modular Block \¥/alls (MBW/)
with Earth Reinforcement

eStandard plans 5-297.640, o
641, 643, 644, 645 @gr—;__%

*MnDOT has experienced
freeze-thaw durability Issues

with these block- See tech

memo 08-06-MRR-01

e Gutter > 0.5 H: 1V from
the back of the
reinforcement

(Tech memo 08-11-MRR-02)

FOUNDATION SOIL
"
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Block \X/alls

Block type

Suppliers

Soil Reinf.?

Max Wall
Height

MBW = small
block (often
dry cast)

Keystone,
Anchor
Block, Versa-
Lok

No

Limited by
design

12’ from top
of leveling
pad

PMBW =
large block
(wet cast)

Oldcastle
Recon
Redi-Rock
Maccaferri
London
Boulder

Up to &’

No

See Pre-
qualified
notes for
height
limitations -
up to 18-ft

Requires
approved
barrier
details
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Cantilevered Sheet Pile \X/alls

e Usually for temporary situations
e | ow aesthetics
e Potential movement

Retaining and Noise Walls




Anchored \X/alls

15 - 65ft Cuts
Benefits:
Baws = Adaptable to site
-~ conditions

- e Can resist high
| horizontal pressures

g3 Limitations:

| « Skilled labor
g required
B = Anchors require
= permanent
easement or ROW

Retaining and Noise Walls




Noise Xalls

Timber noise wall
standards

Approved treatments

New AASHTO Sound
Barrier Specifications
— Wind

— Crash Requirements
Design for Strength Il
Supporting Structures

consider Strength Il
and Strength V

Retaining and Noise Walls




\X/all Selection

Retaining and Noise Walls




\X/all Design Process

* Road profile

 Prelim wall selection
— Cut or fill
— Retained height
— Economy
— Settlement
— Utility & ROW
— Aesthetics
e Contact Foundation Office or hire geotech
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\X/all Design Process

Preliminary wall type selected
Geotech performs site investigation (FADR)

Wall designer reviews FADR or Geotechnical
Report

Confirm wall choice

Design wall and/or Prepare Bid Documentation
Structural review

Review foundation preparation notes and spec

o‘&\\\’\""ESO)‘-V’I’
¥ %
>
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\X/all Plan and Spec Information

Wall height and plan geometry
Top of wall profile
Plan and cross section views showing:
ROW
Easement limits
Utilities
Slopes
Aesthetics
Construction staging requirements
Soil conditions with ground water
Design criteria and loading conditions

Retaining and Noise Walls




Nonstandard or Proprietary Xalls

List of acceptable wall types and systems for
each wall

Consult with Bridge Architect i.e. Dave Hall for
architectural considerations

Any special structures on wall 1.e. large signs,

noise wall, lighting- these can affect resistance
In the design

Planning for fencing on wall - document
completely in the design, or install sleeves
during construction
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Resource Links

MnDOT LRFD Manual

MnDOT Road Design Manual:
— http://roaddesign.dot.state.mn.us/roaddesign.aspx

Roadway Design Scene:
— http://www.dot.state.mn.us/pre-letting/scene/index.html

Standard Retaining Wall Presentation:
— http://www.dot.state.mn.us/metro/finaldesign/sampleplan.htmi

Standard Plans
— http://standardplans.dot.state.mn.us/

Materials and Road Research Tech Memos

— Tech memo 08-06-MRR-01 “Use of Mechanically Stabilized Earth (MSE)
Walls with a Segmental Precast Concrete Panel Facing”

— Tech memo 08-11-MRR-02 “Use of Dry-Cast Segmental Masonry Retaining
Wall Units”

Approved Products:
— http://www.dot.state.mn.us/products/walls/
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Contact Information

 Khalid Obelidat, P.E. - Structural Wall Engineer
651-366-4485

« Joe Nietfeld, P.E. - Bridge Standards
651-366-4477

 Paul Rowekamp, P.E. - Bridge Standards
Engineer

651-366-4484
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Abutments

Karl Johnson
Bridge Designer




Overview

« Abutment description/selection
— Integral
— Semi-integral
— Parapet
Abutment design

Wingwall design
Barrier location
End posts
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Abutment selection

e Factors contributing to abutment selection
— Bridge length
— Bridge skew
— Horizontal curves
— Wingwall length
— Presence of retaining wall which ties into wingwall
— Front face abutment exposure
— Beam depth/superstructure type
— Desired joint location

3 Abutments




Selection/description: Integral
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Selection: Integral

« Advantages
— More cost effective
— Simplified design
— Jointless bridge
« Disadvantages
— Geometric and load restrictions
— Must be placed on piling
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Integral abutment restrictions

e Length restrictions

— Bridges under 300 ft long can have up to a 20 degree
skew

— Bridges under 100 ft long can have up to a 45 degree
skew

— Bridges between 100 and 300 ft can have skew up to:
[45 degrees -0.125*(L-100)]

_ MAXIMUM SKEW ANGLE FOR INTEGRAL ABUTMENTS

MAX SKEW ANGLE (degrees)

Abutments




Integral abutment restrictions

Requires a straight horizontal alignment (Slight
curvature can be allowed on a case-by-case basis)

Length of wingwall cantilevers are < 14 ft
Wingwalls do not tie into roadway retaining walls
Minimum front face exposure should be set at 2°-0”
Depth of beams must be < 72 inches
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Selection/description: Semi-integral
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Selection: Semi-integral

« Advantages
— Can be placed on piling or spread footings

— Some (not all) restrictions from integral abutments can
be neglected

« No wingwall length limit
* No front face exposure height limit
e No superstructure depth limit

— Jointless Bridge

* Disadvantages

— More complicated design in comparison to integral
abutments

— Must still meet all bridge length, skew, and horizontal
alignment criteria from integral abutments

Abutments




Selection/description: Parapet




Selection: Parapet

« Advantages
— Works for wide variety of applications
— No more length or curvature restrictions

« Disadvantages
— Expansion joints are on the bridge over the bearings
» Creates higher maintenance costs
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Design: Integral

* Piles are designed for axial load only

* Follow the “Integral Abutment Reinforcement
Design Guide” found in Chapter 11 of the
MnDOT LRFD Bridge Design Manual

« Additional requirements for using the “Integral
Abutment Reinforcement Design Guide™
— Beam spacing < 13’-0”
— Pile spacing < 11°-0”
— Pile capacity ¢R, < 165 tons
— Max abutment stem height < 7°-0”
— Deck thickness plus stool height < 15.5”

12 Abutments




Design: Integral

Stainless

4|_O|| o

embedment

[
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Design: Integral

e Can also perform specific design for abutments
that do not meet “Integral Abutment
Reinforcement Design Guide”

— Use passive soil pressure that develops when bridge
expands for special design

— Back face dowels

—

— Diaphragm
horizontals

(—)
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Design: Semi-integral

e Skews greater than 30
degrees require a guide
lug to reduce unwanted
lateral movement

Minimum stem
thickness of 4’-0”

Provide a 3” minimum
horizontal gap between
the diaphragm lug and
the stem

15 Abutments




Design: Semi-integral

* Use pedestals and sloped bridge seat

e Requires a detailed bearing design in contrast
to ¥2” elastomeric pad for integral abutments

— Typically a curved plate bearing assembly is used

Fixed Expansion

16 Abutments




Design: Semi-integral

Construction Case 1A Construction Case 1B

e Stem has been  Abutment stem and
constructed and backfilled  superstructure have been
but superstructure is not constructed and backfilled
In place

17 Abutments




Design: Semi-integral

— Diaphragm horizontal
— Back face vertical stem
— Footing

— Front face stem
— Diaphragm lug stirrup
and horizontal

18 Abutments




Design: Parapet

e Low parapet abutment
— Total height (including footing) < 15 feet
— Use a contraction joint every 32 feet

— Typical abutment has standard reinforcement bars
found in the MNDOT manual

19 Abutments




Design: Parapet

e High parapet abutment
— Total height (including footing) > 15 feet
— Use a construction joint (w/keyways) every 32 feet
— Reinforcement bars designed by engineer

— When abutments are higher than 40 feet MSE walls
may be considered

20 Abutments




Yingwalls

Integral Semi-integral/Parapet

21 Abutments




Wingwall design: Integral

Refer to section 11.1.4 of the MnDOT LRFD
Bridge Design Manual for wingwall design

Wingwall thickness should be 1’-6”

Back face horizontal reinforcement should be
# 16’s at 12” for wingwalls < 8’-0”

— Consider possible restrictions

Wingwalls between the lengths of 8’-0” and
14°-0” will need a special design

— The back face horizontal reinforcement should be
designed to resist passive soil pressure

22 Abutments




Wingwall design: Layout options

* One footing
— Preferred option for laying out wingwall geometry
— Maximum cantilever beyond footing is 12’-0”

23 Abutments




Wingwall design: Layout options

e Separate footing

— Separate footings may be required for wingwalls
over 20°-0”

— Not recommended for spread footings

— Must have a 1V:1.5H slope or shallower between
footings

— Limit cantilever
beyond the
footing to 6°-0

24 Abutments




Wingwall design: Layout options

e Stepped footing

— Follow maximum step heights set forth by retaining
wall standards

— Not recommended for piled foundations
— Can delay the contractor significantly

LL
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WWingwall design: Semi-integral/Parapet

e Assume back face vertical dowels and
reinforcement take the entire moment caused
by horizontal loads

Provide a concrete fillet at wingwall/stem
connection

Cantilevers under 8’-0” can use a standard
reinforcement design

Provide wingwall pile loads in the plan if they
are less than 80% of main abutment pile loads

26 Abutments




Wingwall design: Semi-integral/Parapet

* Rebar design consideration areas due to plate
action

— Stem/wingwall
horizontal
reinforcement

— Footing/wingwall
vertical —
reinforcement

— Center of the
wingwall

— Cantilevered
section

!

Abutments




WWingwall design: Semi-integral/Parapet

 Many resources available for determining
moments and shears for plate action
— United States Department of the Interior
e Bureau of Reclamation
— Portland Cement Association

Moments and Reactions for
Rectangular Plates

UNITED STATES DEPARTMENT
OF THE INTERIOR
R
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Barrier location

e The barrier should typically be located on the
approach panel

* One exception Is when wingwalls tie into
retaining walls

— Then coordination is necessary during the
preliminary design process with roadway design to
determine the barrier’s correct location

e Barrier should extend 7’-0” onto the approach
panel (previously 5’-0”’) for TL-4 barriers

29 Abutments




Barrier location

Typical location When wingwall ties
Into retaining wall

{0] Abutments




End posts

« MnDOT Is no longer
allowing the use of free
standing end posts because
we could not find
sufficient crash testing
data

Abutments




End posts

« Typically end posts are
connected to the
abutment
— 37-0” minimum length

required

— Width and reinforcement
should be matched to
adjoining rail

— Reinforcement running
through abutment-end
post interface

32 Abutments
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MnDOT Bridge Office LRFD Workshop - June 12, 2012

Quality Management
for Structures

Arielle Ehrlich
State Bridge Design Engineer




Outline

e Quality Management

Software
Design Personnel
Drafting of Plans
Use of Standards
ndependent Technical Reviews (ITRs)
Bridge Office Quality Manual
Coordination with Grading Plans
Time vs. Quality
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Quality Management

Purpose: To assure a consistent, high level of
quality in all calculations, plans, and reports
generated

Quality Management Plan (QMP): Plan of how
quality will be integrated and achieved for the

specific project

Quality Management of Structures




Quality Management

What belongs in a QMP:
* Project specific details
e QC/QA Process

— What are the roles to assure quality
— Who will be filling those roles

Software usage
Calculation and plan review process

Usage and Integration of Independent Technical
(ITRs) or Constructability Reviews (CRs)

‘x\\\ANESo)‘,?
(] .
6
el E
4 Quality Management of Structures ) £
e w2
OF TRM




Quality Management

e Quality Control (QC)

— Checking of plans and calculations
— Documenting review process

e Quality Assurance (QA)

— Verifying quality control process was followed

5 Quality Management of Structures




Design Personnel

People involved:
e Designer (QC)
 Checker (QC)
e Quality Manager (QA)

MnDOT
[ | |
Project [ Quality
Manager Manager
|
[ . N Be | ]
: esign
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Design Personnel

Checker experience > Designer experience

e Calculations
e Plan preparation

e Experience with component design or drafting

Quality Management of Structures




Software

o Software must be appropriate for project-
specific circumstances.

e Designers need to understand limitations of
software and validations.

« MnDOT LRFD Bridge Design Manual Section 4.1
— Basic
— Intermediate
— Complex

8 Quality Management of Structures




Software — Basic

* Bridge elements
— Abutments
— Splices
— Bearings
— Most cases of prestressed concrete beams

e Methods

— Independent set of calculations
— Line-by-line check of calculations

— Using software that has been validated for a similar
situation

Quality Management of Structures




Software - Intermediate

* Bridge elements
— Piers
— Straight steel girders
— Prestressed beams - flared or variable overhangs

e Methods

— Independent design and check each using a different
software package

— Hand check using moderate simplifications with
sound engineering judgment

10 Quality Management of Structures




Software — Complex

* Bridge Elements
— Concrete box girders
— Steel box girders
— Curved steel girders

— Structures requiring a soil-structure interaction
model

e Methods

— Independent design and check each using a different
software package only!

11 Quality Management of Structures




Software — Checking methods

« Validated designh software/spreadsheets
— Assess all input.
— Review output to confirm a reasonable answer.

e Line-by-line check
— Every line of calculations must be verified.

* Non-independent checking methods
— Handwritten initials on each page reviewed
— Not preprinted!

12 Quality Management of Structures




Software — Checking methods

* Independent checks

— Must use different software packages or
spreadsheets

— Compare
 Input
* Intermediate and final output values
— Section properties
— Dead load moments and shears

— Live load moments and shears
— Code checks

13 Quality Management of Structures



Software
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Software
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Drafting of Plans

o Utilize appropriate procedures:
— Drafting L
— Checking
— Modifying

e Checklists

16 Quality Management of Structures




Drafting of Plans

e Rebar

- BILL OF REINFORCEMENT
FOR SUPERSTRUCTURE

LENGTH SHAPE

LOCATIDN

S1901E
51302E

51903E

S1604E
S1605E

S1606E

S1307E
S1308E

583
2 SER. | FROM
OF 50 TO

741

741
2 SER. | FROM '
T0 60'-0

OF 64

SI1911E
S1312E
$1313)
S1314E
S1615E
S1B16E
S1617E
S1618E
S1613E

270

m

32 | 38-7T" |

| S1S0IE |
| S1902E |
| S1604E |
s
| S1307E |
| ST308E |
| S1609E |
| S1610E |
| SIGIIE |
| SISIZE |
| S1313E |
| SISI4E |
| S161SE |
| S1616E |
| SIGLTE |
| S1618E |
| SI61SE |
[
| [

 Quantities

— Independent check

Quality Management of Structures

SLAB TRANSVERSE BOT.
SLAB TRANSVERSE BOT.

SLAB TRANSVERSE BOT.

- —

—

| —— | SLAB TRANSVERSE TOP
| ——— [ 'SLAB TRANSVERSE TOP
= SLAB TRANSVERSE TOP

| ——— | SLAB LONGITUDINAL TOP

| —— | SLAB LONGITUDINAL TOP

| —— | SLAB LONGITUDINAL BOT.

| —— | SLAB LONGITUDINAL BOT.

| ——— | SLAB LONGIT. TOP OVER PIE
END BLOCK TIE

END BLOCK TIE

END BLOCK TIE

END BLOCK TIE

END BLOCK TIE

SLAB TIE

END BLOCK TRANSVERSE

END BLOCK TRANSVERSE

S1617E

\

JIiiM

12
Bls[ /
1'-5" S1615E

51616E

51615E & Sl1616E

- SUMMARY OF QUANTITIES
FOR SUPERSTRUCTURE

BRIDGE SLAB CONCRETE (3Y3&)

CONCRETE WEARING COURSE (3ULTA)

TYPE MOD F (TL-4) RAILING CONCRETE (3Y46)
REINFORCEMENT BARS (EPOXY COATED)
DIAPHRAGMS FOR TYPE MN5S4 PRESTRESSED BEAMS

24972 SQ.FT.
29030 SQ.FT.
798 LIM.FT.
198480 POUND
744 LIN.FT.

EXP. CURVED PLATE BRG. ASS'Y TYPE El
EXP. CURVED PLATE BRG. ASS'™ TYPE E2
EXP. CURVED PLATE BRG. ASS'Y TYPE E3
EXP. CURVED PLATE BRG. AS5'Y TYPE E4
FIXED ASS'Y TYPE F1
BEARING ASSEMBLY

EXPANSION JOINT DEVICES TYPE 4
PRESTRESSED CONCRETE BEAMS MN54
BENCH MARK DISK

BRIDGE NAME PLATE

1" LOW DENSITY POLYSTYRENE

6 EACH
24 EACH
& EACH
& EACH

48 EACH
147 LIN. FT.
2190 LIN. FT.

2 EACH

1 EACH

13 SO.FT.
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=
=
=
m
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Use of Standards

« Standards should be added late in plan
production.

* Add from the MnDOT website, not old projects.

e Questions on usage should go through MnDOT
Project Manager (Unit Leader)

18 Quality Management of Structures




Use of Standards

e Fill in information
where necessary.

BEARING PAD BEARING PLATE | CURVED PLATE | ANCHOR ROD | ASSY. |CURVED)
LOCATION SIZE FSAHCATPOER SIZE SIZE OFFSET HEIGHT | PLATE
sl B |0 c E F LG H|J |+ v L R (D
1024|140 8.0 1 |4z zen |1/ 3/

ASSEMBLY
TYPE

et [ IAEDRA A

NOTES:

ELASTOMERIC MATERIALS AND PAD CONSTRUCTION SHALL COMPLY
WITH MnDOT SPEC. 3741.

@THE MIN. RADIUS SHALL BE 168" UNLESS OTHERWISE
SPECIFIED IN THE TABLE. THE MAX. RADIUS SHALL BE 24".
FINISH TO 250 MICRO. THE FINISHED THICKNESS OF THE

PLATE MAY BE Yg" LESS THAN SHOWN,
ALL STEEL PLATES SHALL COMPLY WITH MnDOT SPEC. 320&. Yie

®"+” DENOTES QFFSET AS SHOWN.
ANCHOR RODS SHALL COMPLY WITH MnDOT SPEC. 3306. "-" DENOTES OFFSET OPPOSITE OF SHOWM.

(]
GALVANIZE PER MnDOT SPEC. 3394,
. | l ‘ a e @5&,” DIA, x 34" KNOCK-OFF WELD STUDS INSTALLED ON
PINTLES SHALL COMPLY WITH MnDOT SPEC. 3309.

BEARING PLATE AROUND PERIMETER OF BEARING PAD.
CENTERLINE STUD TQ EDGE OF PAD DIMENSION = /",

L ol o GALVANIZE STRUCTURAL STEEL BEARING ASSEMBLY AFTER FABRICATION MAX, STUD SPACING = 4%, AND MAX. SPACING TO PAD
m O 'I (: 'Ion S aS PER MnDOT SPEC. 3394, EXCEPT AS NOTED. CORMER = 21,

PAYMENT FOR BEARING ASSEMBLY SHALL INCLUDE ALL MATERIAL OM
THIS DETAIL.

L]
a p p ] Ca e Y LDESTONER NOTE (REMOVE PRIOR 70 FLOTTING FINAL FPLAN:

AFereN N ]
MINIHUE SIZE OF BEARING FAD, DESIGN DATA:
( 12 x 24" x 15", IS SHOWN FOR M & MY SHAPES MAXIMUM HORTZONTAL LOAD 1S

167 % 36" x 157, IS SHOWN FOR MW SHAPES 70 KIPS FOR 1/ PINTLES.

APPROVED: SEPTEMBER 22, 2011 STATE OF MINNESOTA REVISED DETAIL NO.
MODIFICATION: CHANGED BARRIER SHAPE. DEPARTMENT OF TRANSPORTATION

REPLACED WINGWALL WITH APPROACH
PANEL. REPLACED DEFLECTION JOINTS CURVED PLATE BEARING ASSEMBLY B310
WITH CONTROL JOINTS AND ABUTMENT (PRESTRESSED COMCRETE BEAMS) -
JOINTS. REPLACED FENCE WITH S (FIXED!
ORNAMENTAL METAL RAILING.

FIG. 5-397.119 MOD.

DES: B.J.J. DR: L.K.L. APPROVED:

CHK: N.M.H. CHKs N.K.L. BRIDGE Noﬂ
SHEET NO. 29 OF 38 SHEETS 217408

o S]gn the sheet. IE&EiARE) 7/ L/76

LICENSED PROFESSIONAL ENGINEER DATE
JOHN HANCOCK LIC. NO. 0000C

Quality Management of




Independent Technical Reviews

e Use ITRs for complex or unusual details

e People to involve:
— Unit Leader
— Regional Construction Engineer
— State Bridge Design Engineer
— Others as needed

* Not the same as a peer review
— See MnDOT LRFD Bridge Design Manual Section 1.3.3

20 Quality Management of Structures




Bridge Office Quality Manual

e Coming soon!

e Similar to Roadway’s Quality Management
Process For Design-Bid-Build Final Plan
Development

21 Quality Management of Structures




Coordination with Grading Plans

e Retaining Walls
— Standard
— Non-standard

30
GRCENENT
['STR.[LONG T & B[TS05] _ SPREAD FOOTING |

(26 | [smlowcT&8] [b] 53 o] 30 |
— lepseae
[ I A

SRACING
a3

M

STRUCTLRAL COMCRETE @31,

Bu L EF AT asouT (1ot

ERT FF

ERT BF
ERT BF | 828
| 588  [eu
HORTZ EF
153[SPREAD] 2500 [LB]

REINFORCEMENT (EPO
7203

[HORTZ EF |

sl

AIL DOWE
-RAILDOW

=
|-
m

* Approach Panels

L S e

SR
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Coordination with Grading Plans

o Utilities (MnDOT LRFD Bridge Desigh Manual 2.4.1.6)
— On bridges
— Near foundations

e Box Culverts

» Special Hydraulic Structures
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Time vs. Quality

Do NOT skip QC process to save time!
o Use over-the-shoulder (OTS) reviews.

* Project manager responsibilities:

— Follow the steps in order: Final design comes after
preliminary design

— Communicate potential issues with MnDOT ASAP

— Involve all stakeholders
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QUESTIONS?
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MnDOT Bridge Office LRFD Workshop - June 12, 2012

Piers

David Dahlberg
Bridge Design Manual & Policy Engineer




Presentation Overview

* Pier Protection
— Introduction
— Original AASHTO LRFD Specification requirements
— MnDOT Substructure Protection Policy
— Changes to AASHTO LRFD Specifications
— Changes to MnDOT policy

e Design & Detailing Issues




Pier Protection - Introduction

AASHTO
LRFD BRIDGE
DESIGN SPECIFICA

Published by the
ation of State Highwa
ortation Officials

AASHTO LRFD Article 3.6.5

3.6.5 Vehicular Collision Force: CT
3.6.5.1 PROTECTION OF STRUCTURES

The provisions of Article 3652 need not be
considered for structures which are protected by:

® an embankment,

e a structurally independent, crashworthy ground-
mounted 54.0-IN high barrier, located within 10.0 FT
from the companent being protected, or

a 42.0-IN high barrier located at more than 10.0 FT
from the companent being protected.

In order to qualify for this exemptian, such barrier shall be
structurally and geometrically capable of surviving the
crash test for Performance Level 3, as specified in Section
13.

3.65.2 VEHICLE AND RAILWAY COLLISION WITH
STRUCTURES

Unless otherwise permitted in  Article 3.65.1,
abutments and plers located within a distance of 30.0 FT
to the edge of roadway, or within a distance of 50.0 FT to
the centerline of a railway track, shall be designed for an
equivalent static force of 400 KIP, assumed to act in any
direction in a horizontal plane, at a distance of 4.0 FT
above ground.

expected to brake out of phase.

C36.5.1

For the purpose of this article, a barrier may be
considered structurally independent if it does not transmit
loads to the bridge.

Full scale crash tests have shown that some vehicles
have a greater tendency to lean over, or partially cross
aver, a 42.0-IN high barrier than a 54.0-IN high barrier.
This behavior would allow more significant collision of the
vehicle with the companent being protected if located
within a few FT of the barrier. If the component is more
than about 10.0 FT behind the barrier, the difference
between the two barrier heights is no longer important.

C3652

The equivalent stalic force of 400 KIP is based on the
information resulting from full-scale crash tests of barriers
for redirecting 80.0-KIP tractor trailers and from analysis of
other truck collisions. The 400-KIP train collision load is
based on recent, physically unverified, analytical work,
Hirsch (1988). For individual column shafts, the 400-KIP
load should be considered a point load. For wall piers,
the load may be considered to be a point load or may be
distributed over an area deemed suitable for the size of
the structure and the anticipated impacting vehicle, but
not greater than 5.0 FT wide by 2.0 FT high. These
dimensions were datermined by considering the size of a
truck frame.




Pier Protection - Introduction

Figure 2,11, Truck Accident — Alile Post 519 Bridge over IH-20, Canton, Texas.
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Pier Protection - Introduction

1-90 near
Worthington, MN




HTO Spec Requirements

AASHTO
LRFD BRIDGE
DESIGN SPECIFICA

Published by the
ation of State Highwa
ortation Officials

AASHTO LRFD Article 3.6.5

3.6.5 Vehicular Collision Force: CT
3.6.5.1 PROTECTION OF STRUCTURES

The provisions of Article 3652 need not be
considered for structures which are protected by:

® an embankment,

e a structurally independent, crashworthy ground-
mounted 54.0-IN high barrier, located within 10.0 FT
from the companent being protected, or

a 42.0-IN high barrier located at more than 10.0 FT
from the companent being protected.

In order to qualify for this exemptian, such barrier shall be
structurally and geometrically capable of surviving the
crash test for Performance Level 3, as specified in Section
13.

3.65.2 VEHICLE AND RAILWAY COLLISION WITH
STRUCTURES

Unless otherwise permitted in  Article 3.65.1,
abutments and plers located within a distance of 30.0 FT
to the edge of roadway, or within a distance of 50.0 FT to
the centerline of a railway track, shall be designed for an
equivalent static force of 400 KIP, assumed to act in any
direction in a horizontal plane, at a distance of 4.0 FT
above ground.

expected to brake out of phase.

C36.5.1

For the purpose of this article, a barrier may be
considered structurally independent if it does not transmit
loads to the bridge.

Full scale crash tests have shown that some vehicles
have a greater tendency to lean over, or partially cross
aver, a 42.0-IN high barrier than a 54.0-IN high barrier.
This behavior would allow more significant collision of the
vehicle with the companent being protected if located
within a few FT of the barrier. If the component is more
than about 10.0 FT behind the barrier, the difference
between the two barrier heights is no longer important.

C3652

The equivalent stalic force of 400 KIP is based on the
information resulting from full-scale crash tests of barriers
for redirecting 80.0-KIP tractor trailers and from analysis of
other truck collisions. The 400-KIP train collision load is
based on recent, physically unverified, analytical work,
Hirsch (1988). For individual column shafts, the 400-KIP
load should be considered a point load. For wall piers,
the load may be considered to be a point load or may be
distributed over an area deemed suitable for the size of
the structure and the anticipated impacting vehicle, but
not greater than 5.0 FT wide by 2.0 FT high. These
dimensions were datermined by considering the size of a
truck frame.




AASHTO Spec Requirements

* Three options for protection given in Article
3.6.5

1) Locate pier outside of clear zone (30 ft for roadway
& 50 ft for railway)

Protect pier by placing a TL-5 barrier in front, with

barrier height dependent on clear distance
Design pier to resist a collision load

* 400 kip load for truck or train

* Load applied at any angle

» Load applied at 4 ft above ground




AASHTO Spec Requirements

* Applied to all substructures, with no variation
in requirements

* No consideration of the probability of a vehicle
collision

* No reduction in collision load or required
protection for low speeds and low truck traffic




MnDOT Substructure Protection Policy

Designer Memo 2007-01
http://www.dot.state.mn.us/bridge/manuals/LRFD/index.html

Mn/DOT Bridge Office Substructure Protection Polic

The purpose of this document is to define the Mn/DOT policy for design of bridge
substructures as it relates to Artide 3.6.5 of the AASHTO LRFD Bridge Design
Spedifications.

Article 3.6.5 of the LRFD Specifications includes reguirements for th
structures against vehicle and railway train collision. The intent of g
protect bridges from wehicle and train hits on a substructure tha
progressive collapse of the bridge. The article states that all bridgs
located within 30 feet of a roadway or within 50 feet of a railway
protected by a structurally independent Test Level 3 (TL-5) barrier or
resist an equivalent static load of 400 kips. The barrier must be 54 in
placed within 10 feet of the substructure and 42 inches high when place
feet from the substructure. The 400 kip load is to be applied at &
ground, in any direction im a horizontal plane.

Mn/D0T considers Article 2.6.5 to be overly restrictive because it does
variation in reguirements due to the probability of wehicle collision.
allowance for reducton in the load or protection due to amount of truck
of traffic adjacent to the substructure. Mn/DOT has raised this issue
Loads Committes along with suggested revisions to Article 3.6.5. Pend
the LRFD Specifications, the following guidelines for substructure protecti

Abutments
Due to the existence of soil _I:lehind abutment walls, al:lp‘l:menfs are not
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MnDOT Substructure Protection Policy

 Exemptions for substructure protection given to
the following:
— All abutments, due to soil behind them

— Piers with redundancy (3 or more columns) adjacent
to roadways with design speeds < 40 mph

— Piers with redundancy (3 or more columns) adjacent
to roadways with design speeds > 40 mph that are
not on the National Highway System and have an
ADTT < 250




MnDOT Substructure Protection Policy

o All other new piers must meet the AASHTO
LRFD Article 3.6.5 requirements modified as
follows:

— Spread footing, pile, and drilled shaft foundations
are considered adequate to survive a collision and
need not be analyzed

— For piers designed to resist collision loading, apply
the 400 kip load at a maximum angle of 30 degrees
from the direction of the roadway or railway
tangent




MnDOT Substructure Protection Policy

e Results in max
transverse collision

load component
= 200 kips




MnDOT Substructure Protection Policy

* For new piers designed to resist collision
loading:
— Design columns to resist the collision load

— Provide a crash strut designed to resist the collision
load and having a height of 54 inches above the
ground




MnDOT Substructure Protection Policy

TOP OF
CRASH STRUT

FIMISH

ELEVATION END VIEW

3'-0" MIM. WHEN GUARDRAIL CONNECTION IS REGUIRED.
1'-0" MIM. FOR ALL OTHER SITUATIONS.

@ PROVIDE DOWELS BETWEEW STRUT AND PILE FOOTIMG CONSISTING OF & MINIMUM OF *19
BARS & &" OVER A T'-0" LENGTH.




MnDOT Substructure Protection Policy

o Existing piers on bridge repair projects that
include substructure widening must meet the
AASHTO LRFD Article 3.6.5 requirements (as
modified by MnDOT)

Existing piers on other bridge repair projects
will typically be considered exempt




AASHTO Pier Protection Changed

e Other states wrestled with this issue
e Was discussed in AASHTO T-5 Loads Committee
e Pooled fund study formed

e In 2010 AASHTO LRFD 5t Edition, revision made
that allowed owner discretion:

“Unless the Owner determines that site conditions
indicate otherwise...”




AASHTO Pier Protection Changed

 TPF-5(106) Guidelines for Designing Bridge Piers
& Abutments for Vehicle Collisions

Texas Transportation Institute




AASHTO Pier Protection Changed

« TPF-5(106) objectives:
— Determine what risks warrant application of pier
protection requirements

— Determine whether magnitude of 400 kip load is
appropriate




AASHTO Pier Protection Changed

e Collision loads
found to be — |
significantly e 5 T Bt G e e B
higher

T ﬂ _—

-

e e R B B -
2358383583828 82323 3

Figure 4.64. Tractor-Trailer Impact Force Diztribution along the Height of the Pler
at 0.2 zec.




\Xhat are the AASHTO Changes?

« 5t Edition
— 400 k load
— Load applied at any angle
— Load applied at 4 ft above ground

o 6th Edition
— 600 k load

— Load applied at up to 15 degrees from roadway
tangent

— Load applied at 5 ft above ground




\Xhat are the AASHTO Changes?

« 5t Edition
— Requirements applied for roadways within 30 ft
and railways within 50 ft

o 6th Edition

— Train collision provisions removed
— Commentary suggests following:

American Railway Engineering and
Maintenance-of-way Association (AREMA)
Manual for Railway Engineering




\Xhat are the AASHTO Changes?
 6th Edition

— Commentary now includes discussion on what site
conditions warrant exemption from pier protection
requirements

— Exemption based on AF s, = annual frequency of

bridge pier hits by a heavy vehicle

— Commentary would not require pier protection
when:

e AF,zp < 0.0001 for critical or essential bridges
e AF zp < 0.001 for typical bridges




\Xhat are the AASHTO Changes?
 6th Edition

Table C3.6.5.1-1—Typical Values of AFygp

Divided Divided
Undivided Curved Tangent

ADT ADTT* Pugp=3.457E-09 Pypp=2.184E-09 Pypp=1.09E-09
(Both Directions) {One Wav) AFypp =2 % ADTT % 365 % Pygp
1000 0.0001 —— 0.0001 00000

2000 0.0003 0.0002 0.0001 CRITICAL
3000 0.0004 0.0002
4000 0.0005 0.0003
6000 0.0008 0.0005
8000 0.0010 0.0006
12000 t 0.0015 0.0010
14000 0.0018 00011\
16000 0.0020 0.0013  \
18000 0.0023 0.0014
20000 0.0025 0.0016
22000 - 0.0028 0.0018 ,
24000 1200 0.0030 0.0019 0. TYPICAL
26000 1300 0.0033 0.0021
28000 1400 0.0035 0.0022

*Assumes ten percent of ADT is truck traffic. “\\\ANESQ,‘.?




\Xhat are the AASHTO Changes?

e 6t Edition
— Design speed is not a consideration in the latest
revisions

— Redundancy is also not a consideration




\Xhat is MhDOT's Policy now?

Mn/DOT Bridge Office Substructure Protection Polic

The purpose of this document is to define the Mn/DOT policy for design of bridge
substructures as it relates to Artide 3.6.5 of the AASHTO LRFD Bridge Design
Spedifications.

Article 3.6.5 of the LRFD Specifications includes requirements for the protection of
structures against vehicle and

protect bridges from wehicle

progressive collapse of the b

located within 30 feet of a r

protected by a structurally ind

resist an equivalent static load

placed within 10 feet of the sul

feet from the substructure,

ground, in any direction in a ho

Mn/DOT considers Article 3.6.5
variation in reguirements du
allowance for reduction in the
of traffic adjacent to the subs
Loads Committee along with s
the LRFD Specifications, the fol

Abutments
Due to the existence of sail _I:l

Figure 2.10. Truck Accident — TH-90 Bridge, 535812, AMinnezota,




Policy Considerations

 New bridges
— ADTT of roadway under
— Design speed of roadway under
— Redundancy
— Critical roadway under or over
— Pier distance to roadway
— Side pier or median pier
— Roadway alignment




Policy Considerations

o Existing bridges
— Everything mentioned for new bridges
plus
— Scope of the construction project
— Existing median barrier
— Existing in-fill wall




Policy Considerations
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Revised Policy for New Bridges

* Bridges over roadways

— Will adopt 600 kip load with load application at up
to 15 degrees maximum from tangent to roadway

— Will continue exemption for all abutments, due to
soil behind them

— Will continue exemption for redundant piers (3 or
more columns) adjacent to roadways with design
speeds < 40 mph




Revised Policy for New Bridges

* Bridges over roadways
— Other criteria still being studied
» Design speed > 40 mph
« Exemption based on AF ;p
» Definition of critical bridge
 Increase in height of collision load impact




Revised Policy for New Bridges

* Bridges over railroads
— Will follow requirements found in
AREMA Manual for Railway Engineering
Chapter 8, Article 2.1.5

— Pier protection required when distance from centerline
of railway to face of pier < 25 ft

— When pier protection is required, can provide crash
wall (minimum of 2.5 ft x 12 ft) with height of 6 ft or
12 ft above top of rail depending on clearance to rail

or
pier shall be “of heavy construction”
(minimum cross-sectional area of 30 sq ft)




Revised Policy for New Bridges

Bridges over railroads
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Figure C-8-2-1. Pier Protection: Minimum Crash Wall Requirements (Not To Scale)




Revised Policy for Existing Bridges

o Retrofitting of piers to meet current pier
protection policy will be required for:
— Bridge repair projects that include substructure
widening
— Roadway projects beneath bridges that move the
edge of travel lane within 30 feet of the pier




Revised Policy for Existing Bridges

e Retrofitting of piers to meet current pier
protection policy will be considered for bridge
repair projects in the following situations:

* High speed limit
e High ADTT
e Curved alignment

e Piers with less than 3 columns & non-continuous
superstructure




Revised Policy for Existing Bridges

o Retrofitting of piers to meet current pier
protection policy will be considered for
roadway projects in the following situations:

 Profile grade raise resulting in significant
reduction of current in-fill wall height

e Guardrail replacement where new connections to
piers are required




Future Changes?

 NCHRP 12-90 Guidelines for Shielding
Bridge Piers

— Develop risk-based guidelines that quantify when
pier protection investigation is needed considering
site conditions, traffic, etc.

— Develop guidelines for barrier selection, length, and
placement to shield bridge piers

e 3 year project




Design & Detailing Issues

* Pile bent piers
— Check stability
» Consider scour
e Do not use MnDOT
Bridge Design Manual
(BDM) Article 10.6

1a" ] i
SECTION A=d4




Design & Detailing Issues

e Pier caps
— Strut and tie

1or-0e

—

B, = 250k

r' 18"

lp., = 272k

I, = kai
{,= 60 ksi
oover = 2.5 main bars
= 0" stirups

FEELL LS




Design & Detailing Issues

e Pier caps
— Strut and tie

AASHTO LRFD Strut-and-Tie Model
Design Examples

Benis Mitchell, MoGill Linversity

Michael P. Callins, Univessity of Tomonto
Shrinkvas B. Bhide and Basile G. Ratbat,
Portiand Cament Assoclation

stirmup
band 1
= 50
26Tk 434k
048 077
.hﬂl'll'.‘l

2
=5.00

PCAN

Lavtfant [arvem hmnoaon




Design & Detailing Issues

e Pier caps

— Provide standard hooks at ends of longitudinal bars
& detail bars to avoid conflicts




Design & Detailing Issues

WPREFERRED SPLICE LOCATION

* Pier caps
— Provide e e
spliced
longitudinal | g copny | "ERIE | e e
bars

— For
single
stirrups,

[ ]
provide
@1‘/2“ IS PERMITTED TO ALLOW FOR BAR TOLERANCE

note ONLY WHEN SINGLE STIRRUPS ARE USED. CENTER

o v

STIRRUP IN PIER CAP. CAP WIDTH SHOWN ON PLANS
CANNOT BE REDUCED IN CONSIDERATION OF THIS
CLEARANCE.




Design & Detailing Issues

e Pier columns
— Thermal loads

TOP OF
CRASH STRUT

FIMISH

ELEVATION END VIEW

3'-0" WIN. WHEN GUARDRAIL COMNECTION IS REGUIRED.
1'-0" MIN. FOR ALL OTHER SITUATIONS.

@ PROVIDE DOWELS BETWEEM STRUT AMD PILE FOOTIMG COWSISTING OF A MINIMUM OF *13
BARS @ &" OVER A T'-0" LENGTH.




Design & Detailing Issues

* Piers on spread footings

:POINT OF LOAD :
22 APPLICATION




Design & Detailing Issues

* Piers on spread footings

LRFD 1.0 inch Settlement
SP BR 27298
Fier - Sounding (d02 s02a)

Mominal Bearing Resistance -
Strength Limit Sate (psf)
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Effective Footing Width, B' (ft.)
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Questions?
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Prestressed Elements

Ben Jilk
Bridge Design Engineer




Outline

Inverted tees

New MW-shapes and archiving M-shapes
Camber study

Curved bridge design
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Inverted Tees

Developed in 2004 as an alternative to slab
span bridges

Spans up to =45’
Typically not used on skewed bridges

Intended to speed up construction

4 generations built, 5t" to be designed this
summer

Prestressed Elements




Inverted Tees - Locations




Inverted Tees - Geometry

2” CHAMFER

0o

1” CHAMFER

CIP SLAB

INTERIOR BEAM

CIP SLAB

EXTERIOR BEAM

VARIES

Prestressed Elements

12” to 18”




Inverted Tees - Geometry

CIP SLAB

MASTIC
BOND
INV-T BEAM BREAKER INV-T BEAM

-

Prestressed Elements




Inverted Tees

POLYSTYRENE

R EEEANAANANANRARN SINRARRNRNN o AT A
"N NN\ \\\\\n\ [ LR
\\\\\\i\\\ \\\\\k\\\\\\‘ POLYSTYRENE
o e

SIS
k\\\\\\\\\\\\\\\\\\\\\%

PIER
IE

POLYSTYRENE N '

S\\\}\\\X\\..\X\?éﬁ\\\\\\\ﬁ /
NN\ L o POLYSTYRENE

ABUTMENT

Prestressed Elements ABUTMENT




Inverted Tees

« Stainless steel
 Wrapped at piers, not abutments

EXTERIOR INTERIOR
INV-T BEAM INV-T BEAM

”
|‘

» INTERIOR EXTERIOR
INV-T BEAM INV-T BEAM

» [INTERIOR EXTERIOR
INV-T BEAM INV-T BEAM

EXTERIOR INTERIOR ¢
INV-T BEAM INV-T BEAM

: j_ i CL PIER W

TROUGH
|4— CL STRUCTURE

Prestressed Elements




Inverted Tees - Materials

e Beam Concrete
— f’. = 4 ksi
— f’_ = 6 ksi
Slab Concrete
— f’. = 4 ksi
1%” diameter 7-wire low-relaxation strands

Prestressed Elements




Inverted Tees — Design

 LLDF calculated assuming slab-type bridge

e Additional loads:

— Restraint moment (time dependent)
— Thermal gradient

CONSTRUCTION SEQUENCE FOR THREE-SPAN BRIDGE WITH
INVERTED TEES MADE CONTINUOUS FOR LIVE LOADS

PRECAST GIRDERS PLACED ON SUBSTRUCTURE

REINFORCEMENT PLACED OVER PIERS

CAST-IN-PLACE SLAB POURED

Prestressed Elements




Inverted Tees - Design

e Positive restraint moments
— Beam prestress creep

* Positive thermal gradient

POSITIVE MOMENT
APPROXIMATION

Prestressed Elements




Inverted Tees - Design

 Negative restraint moments
— Dead load creep (beam self-weight, CIP deck weight)
— Deck shrinkage

 Negative thermal gradient

NEGATIVE MOMENT
APPROXIMATION

Prestressed Elements




Inverted Tees — Design

* Designed as simple-span
e Restraint moments and thermal gradient

included by taking yield moment of trough
reinforcement continuous over the piers

CONTINUOUS REINF.

RESTRAINT/THERMAL GRADIENT
MOMENT APPROXIMATION

13 Prestressed Elements




Inverted Tees — Beam Design

« Tension at release limited to 0.24,/f’.; rather

than 0.0948,/f’.; or 200 psi used for typical
prestressed beams

14 Prestressed Elements




Inverted Tees — Slab Design

e Designed as continuous for loads applied after
slab cures (barrier, FWS, LL)

e Restraint moments and thermal gradient
included by applying a factor of 1.20 to the
negative LL moment at the piers

RESTRAINT/THERMAL GRADIENT
MOMENT APPROXIMATION

15 Prestressed Elements




Inverted Tees

MnDOT is currently in the process of developing
guidelines for Inverted Tees which will be
released once completed. o

Prestressed Elements




M\X/ Shapes

 Goal to develop:

— Beams that span q 30"
farther than existing o (@ RouGHeNeD
shapes OR AN

\ ¥a" R.
— Beams that could be .
used at a wider (1) SMOOTH FINISH WITH

BOND BREAKER

2'-0"

spacing
e 82”7 and 96” MW
Beams

82" OR 96"

« MnDOT Memo to
Designers (2011-01),
July 29, 2011

17 Prestressed Elements




M\X/ Shapes

68 TOTAL STRANDS

14 DRAPED

A _L 7 SPS.

o 2||
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M\X/ Shapes

PRESTRESSED CONCRETE BEAM CHART FOR MW SERIES

DESIGN CRITERIA
HL-93 LOADING fc=9ksi fci=7.5ksi 0.6" ¢ STRANDS

NUMBERS ADJACENT TO LIMIT CURVES REPRESENT AN
APPROXIMATE DESIGN NUMBER OF STRANDS AND
CENTER OF GRAVITY AT MIDSPAN.

~
Ll
un
L
T
-
Y
zZ
Ll
—
=z
<
o
n

I ——

—
% 68@5.6

9 10
BEAM SPACING (FEET)
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M\X/ Shapes

~
Ll
un
L
T
-
Y
zZ
Ll
—
=z
<
o
n

PRESTRESSED CONCRETE BEAM CHART

DESIGN CRITERIA

HL-93 LOADING f'c=9ksi fci=7.5ksi 0.6" ¢ STRANDS

NUMBERS ADJACENT TO LIMIT CURVES REPRESENT AN

APPROXIMATE DESIGN NUMBER OF STRANDS AND CENTER OF

GRAVITY AT MIDSPAN.

9. 68 @5.6

e

0o (@O.0

o —

ﬁ 44@5.1
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M\X/ Shapes

INTERMEDIATE
DIAPHRAGM

@ ONE INTERMEDIATE DIAPHRAGM
FOR EVERY 45’ OF SPAN LENGTH
(NOT INCLUDING THOSE AT PIER
ENDS OF BEAM)

Prestressed Elements

INTERMEDIATE
DIAPHRAGM




M\X/ Shapes

« Shipment/handling of beams - lateral instability

* Deck pour sequence should be investigated

e Camber tracking required

— Estimated cambers given in tabular form varying
with age of girder

Figure 5.4.1.1 Equilibrium of beam in tilted position

— Roll Axis +— Center of Gravity of 9 Lifting Loops
S the Curved Beam Arc
e . J{_’I Lies Directly Beneath Deflection of - ."'-l )

the Roll Axis Beam Due to l"._‘ - ) | ..__,'f,‘..
Bending About ' ) A\ y . _
Weak Axis - N~ PN

o~

Component of —. .I"‘-. ':.__,..‘.___,.4 ;:— Center of Gravity
Weight About ™% - of Cross Section
Weak Axis = T i at Lifting Point
Wsind ’ ;
Center of Mass
of Deflected
. Shape of
(a) Perspective of a Beam Free to Roll the Beam (b} Free Body Diagram
and Deflect Laterally -

Prestressed Elements




M\X/ Shapes — Camber Example

— o"R" INITIAL TOTAL CAMBER
“S" EST. DEAD LOAD DEFLECTION
“T" EST. RESIDUAL CAMBER

ESTIMATED CAMBER
DAYS | "R" "s B
30 | 5.31™ | 4.08" | 1.29"
60 | 5.79" | 4.08" | .1
90 | 5.99" | 4.08" | 1.91"
6.17" | 4.08" | 2.09"
6.28" | 4.08" | 2.20"

: 151'-9%;"

CAMBER NOTES

oCONTRACTOR SHALL MONITOR CAMBER OF BEAMS PRIOR TO ERECTION AND TAKE
PRECAUTIONS TO ENSURE ACUTAL CAMBER AT ERECTION IS WITHIN 1™ OF INITIAL TOTAL
CAMBER.

BEARING SEAT ELEVATIONS BASED ON 180 DAY CAMBER. IF CAMBER GREATER THAN
REPORTED, ADJUST BEARING SEAT ELEVATIONS.

Prestressed Elements




M\X/ Shapes

Beam length on slopes
— Use “L” in plan sheets when “L” - “H” > 142”

G

24

Prestressed Elements




MW/ Shapes - Standard Plans and
B-Details Developed/Modified

 Standard Plans
— 5-397.531 82MW Prestressed Concrete Beam
— 5-397.532 96 MW Prestressed Concrete Beam

e B-Details
— B303 Sole Plate
— B310 Curved Plate Bearing Assembly - Fixed
— B311 Curved Plate Bearing Assembly - Expansion

— B412 Steel Intermediate Bolted Diaphragm (All MW
Prestressed Beams)

— B814 Concrete End Diaphragm - Parapet Abutment

©
e
3
&L

ESo
RM

’
7y
€

HN
&l

=z
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Archiving M Shapes

* Archiving 45M through 81M beams
e Similar depth MN and MW shapes more efficient
e 27M and 36M still available

PRESTRESSED CONCRETE BEAM CHART

i
o

N
o

e <

o
o

SPAN LENGTH (FEET)

[0
o

o2}
o

|
T

N
o

9 10
BEAM SPACING (FEET)
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Camber Study - Background

$
- CAMBER
ASELF

e Estimation of camber at erection:
— PCI: 1.85 for self-weight, 1.80 for prestress

» Girders arriving at bridge site with cambers much
lower than predicted

— MnDOT: 1.50 for self-weight and prestress based on
limited internal study

o Study by University of Minnesota to investigate
MnDOT’s factors

Q‘&\“NESOZ?;;,
] (¢]
g (9 :
=
o
27 Prestressed Elements 3% &L
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28

Camber Study — Methodology

e Historical camber data
— Fabricator records for 1,067 girders from 2006-2010
— Erection records for 768 of 1,067 girders

Instrumentation/monitoring of 14 girders

Measurement of compressive strength/elastic
modulus of samples from two precasting plants

Parametric study to investigate time-dependent
effects using PBEAM

Prestressed Elements




Camber Study — Girder Fabrication
Recommendations

* Pouring Schedule/Management
o Strand Tensioning and Temperature Corrections
* Bunking/Storage Conditions

29 Prestressed Elements




Camber Study — Release Camber
Prediction Considerations

* Increase f’.; by multiplying by a specified factor
for camber calculations

e Use a different equation to calculate concrete
modulus of elasticity

e Reduce the stress in the strands at release for
camber calculations

30 Prestressed Elements




Camber Study — Long-Term (Erection|
Camber Prediction Sug_gested Changes

NO CHANGE TO RELEASE CHANGE RELEASE
CAMBER ESTIMATION CAMBER ESTIMATION

Girder Age at MnDOT Time- Improved Time-
Erection RQependent Multiplier Qependent Multiplier

6-12 months 1.50 2.00
12+ months 1.55 2.05

MnDOT Single-Value Multiplier: 1.35 += NO OTHER CHANGES
Improved Single-Value Multiplier: 1.80

« MnDOT is currently in the process of deciding
which multipliers will be used

31 Prestressed Elements
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Curved Bridge Design

32 Prestressed Elements




Curved Bridge Design —
Layout Considerations

do

1 6” MIN. ]
EDGE OF DECK
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Curved Bridge Design —
Layout Considerations

34 Prestressed Elements




Curved Bridge Design —
Layout Considerations
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Curved Bridge Design —
Layout Considerations

I4’-0” MIN.

I PREFERABLY ONLY 1 FLARED SPACE
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Curved Bridge Design —
Design Considerations

37 Prestressed Elements




Curved Bridge Design —
Design Considerations

2/3 POINT 1/3 POINT I
(LOADS) (PROPERTIES)
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Curved Bridge Fascia Design —
Design Considerations

e Stool

— Should take into account horizontal curve

— For straight bridges, typically use stool thickness of
2.5” for initial load calculations and 1.5” for
properties.

— For curved bridges, consider using stool thickness of
something larger than 2.5” for initial load
calculations to account for horizontal curve and
increased stool heights. Use 1.5” for properties.
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Summary

e Inverted Tees

 MW-Shapes
Archiving M-Shapes
Camber Study
Curved Bridges
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Questions and Discussion

Inverted Tees

MW-Shapes

M-Shapes

Camber Study

Curved Bridges

Prestressed Elements




MnDOT Bridge Office LRFD Workshop - June 12, 2012

ABC: Accelerated
Bridge Construction

Todd Stevens
Final Design Unit Leader




Presentation Outline

ABC - What 1t is/What 1t involves
ABC - Reasons to consider ABC

ABC - MN Applications

ABC - Analysis

ABC - MN Implementation
ABC - MnDOT Contact Info

2 Accelerated Bridge Construction




Definition of ABC

 Not just building bridges faster - Building
bridges while minimizing traffic
disruption

— Contracting/Procurement Methods

— Construction Means/Methods

o Affects Design, Cost, Risk, etc.
(vs. Conventional Methods)

Accelerated Bridge Construction




Contracting/Procurement Methods

e Design-Bid-Build
— “A+ B” Bidding
— Incentives (& Disincentives)
— Off-peak Scheduling

— Lane Rental
e Design-Build
« CMGC (new MN option; 2012 Leg.)

4 Accelerated Bridge Construction




Construction Means/Methods

Materials
— Concrete & Steel Strengths

Equipment
— SPMT, Cranes
Procedures

— Post-tensioning, Precasting, Temp. Works

Maintenance of Traffic

5 Accelerated Bridge Construction




\X’hy Consider ABC?

U.S. Bridge Deficiency U.S. Bridge Age
<10

50+ f\lo t0 19

\20 to 29

_ . \.30 t0 39
MN Bridge Deficiency

MN Bridge Age
<10
| 50+ i 101019
*' 40 to 49' W
(non-culvert, all roadways)

30to39—

Accelerated Bridge Construction




\X’hy Consider ABC?

Deficiencies = Construction
Construction = Traffic Disruption

e woEE———
- T et W,

Photo courtesy of Atkins

Accelerated Bridge Construction




\X’hy Consider ABC?

— Context: NOW!

e Societal Expectations - «?@d

« Roadway User Costs (RUCs)

— Time Is Money

o Safety

— Motorists & Workers

8 Accelerated Bridge Construction




\X’hy Consider ABC?

e Environment

— Smaller/Cleaner Constr. Sites

e Minnesota Weather
— Short Constr. Season/Cold Weather @

 Higher Quality |
=

— Precast vs. C.I.P.

e Because We Can!

— Equipment, Materials

Accelerated Bridge Construction




\X’hy Consider ABC?

« Many Beneficiaries
Travelling Public (time, $3$, safety)
MNnDOT (public perception)
Business & Industry (access, delivery)

Contractors (safety, more tools in toolbox)
Environment

10 Accelerated Bridge Construction




How to Achieve ABC?

e Main Theme: Prefabrication

— Precast Superstructure Elements

— Precast Substructure Elements

— Bridge Moves (Precast Entire Structure)

11 Accelerated Bridge Construction




Conventional Bridge Construction

N

Barrier/Railing

Superstructure

\Il

Substructure

<

Pier Column

B Prefabricated Elements
BB Typ. Cast-in-Place (CIP) Concrete Elements

Accelerated Bridge Construction




Accelerated Bridge Construction

N

Superstructure

] I I I

\Il

Substructure

B Components that Can Be Prefabricated

Accelerated Bridge Construction




ABC — MN Applications

 ABC Techniques for Minnesota

Contracting/Procurement Methods
Full-depth Precast Conc. Deck Panels
Inverted-tee Beams

Precast Conc. Segmental Box Girders
Precast Substructures

Slide-in Construction

Self-Propelled Modular Transporters (SPMT)

14 Accelerated Bridge Construction




Full-Depth Precast Conc. Deck Panels

Photo courtesy of CME Associates
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Full-Depth Precast Conc. Deck Panels

 Pros:
— Any Size Bridge (New or Rehab)
— Quality/Durability
— Faster Construction
e Cons:
— Requires Post-tensioning
Roadway Crown Logistics
Grouting (Shear Pockets, Haunches)

Skewed Supports
Existing Shear Connectors On Rehabs

16 Accelerated Bridge Construction




Full-Depth Precast Conc. Deck Panels

 Nationwide Implementation:
— Tried by About Half the States
— Use Dates Back to 1970’s
— Detall & Spec Resources Available

« MNDOT Implementation:
Br. 69071, SB T.H. 53 over Paleface River
Let Jan. 2011
Panel Fabrication in Progress
Delayed by Bidding Issues

17 Accelerated Bridge Construction




Inverted-Tee Beams

Hf"-:o,-'.'!‘-- 3 ; b - _r . .,... v . —S=—
T —— ;E: G‘:I_m_, RS *f;ﬂﬂ_-‘:qu , . ]

Photo courtesy of MnDOT
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Inverted-Tee Beams

* Pros:
— Slab Span Alternative
— Higher Quality Precast Elements
— Faster Construction
— No Falsework, Improved Safety

e Cons:
— Still Requires Some CIP Conc.
— Cracking Issues in Topping

19 Accelerated Bridge Construction
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Inverted-Tee Beams

« History/Development:

— Based on French System
— Developed in U.S. by MNDOT
— Design Still Evolving (Stds. being developed)

« MNDOT Implementation:

First Bridges Let in 2005

11 Bridges Let to Date
Research at Univ. of Minnesota
Price Has Come Down

20 Accelerated Bridge Construction




Precast Conc. Segmental Box Girder

Accelerated Bridge Construction




Precast Conc. Segmental Box Girder

 Pros:
— Long Spans/Geometric Constraints
— Higher Quality Precast Elements
— Speed of Construction

e Cons:
— Requires PT and Grouting
— Deck Replacement Not Feasible
— Specialized Equipment/Skills

Conventional

22 Accelerated Bridge Construction




Precast Conc. Segmental Box Girder

 Nationwide Implementation:
— First Used in U.S. In early 1970’s
— Hundreds of Bridges Nationwide
— Used In All Regions

« MNDOT Implementation:
— 35W/62 Crosstown (4 Bridges)
— Center Span of New 35W Bridge
— Potential Use on St. Croix

23 Accelerated Bridge Construction




Precast Substructures

Abutments

o ey

Photo courtesy of Texas DOT
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Precast Substructures

 Pros:
— Higher Quality Precast Elements
— Potential for Faster Construction
— Advantage With Repeatable Elements

e Cons:
— Connection Issues
— Contractor Enthusiasm (tend to like C.1.P)
— Early Strength Not Req’d (Exc. Pier Caps)
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Precast Substructures

 Nationwide Implementation:
— Tried By Many States
— Texas Leader (research, implementation)
— Attempts to Standardize

« MNDOT Implementation:

— Br. No. 13004, T.H. 8, Chisago Co., 2005
— Br. No. 25024, T.H. 61, Goodhue Co., 2011
— Unweave the Weave (PT Column Alt.)

26 Accelerated Bridge Construction




Slide-In Construction

Photos courtesy of Nevada DOT
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Slide-In Construction

 Pros:
— Very Minimal Traffic Disruption
— Work Separated From Traffic
— Higher Quality (not on Critical Path)

e Cons:
— Need Right Site Conditions

— New Foundations Under
Inplace Bridge

— Non-standard/Dynamic Loads

Conventional
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Slide-In Construction

« National Implementation:
— Not As Common as SPMT
— Showcase/Demonstration Projects
— More Variability (Contractor Methods)

« MNDOT Implementation:

— 3 Staged Removals/Temp. Crossings

— Br. 25028, T.H. 61 Red Wing, Jan. ‘13 Let
— Potential Site in District 3

— Other Potential Sites Being Considered
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Self-Propelled Modular Transporter

Photo courtesy of Utah DOT
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Self-Propelled Modular Transporter

* Pros:
— Very Minimal Traffic Disruption
— No Work Over Traffic
— Higher Quality (not on Critical Path)

e Cons:
Need Right Site Conditions

New Foundations Under
Inplace Bridge

High Mobilization Costs
Non-standard/Dynamic Loads

Conventional
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Self-Propelled Modular Transporter

 National Implementation:
— Tried by at Least Dozen States (25+ in Utah)
— Detail and Spec Resources Available
— More Options for Heavy Lifter

« MNDOT Implementation:
— Br. No. 62626 (Maryland over 35E)
— Design-Build, Move Scheduled Summer ‘12
— Hastings Design-Build (Arch Installation)
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ABC Analysis — The Good News

e Reduction in Work Zone Time

Relative ABC Work Zone Time

M Conventional

M ABC

Inv.Tee  Deck Precast Segm. Slide-in  SPMT
Panels  Substr. Box

Type of ABC

 Real Savings for Roadway Users (RUCs)
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35

ABC Analysis — The Good News

e Perfect Match for MnDOT Strategic Vision
— Safety: reduce workzone accidents
Mobility: reduce congestion; improve flow
Innovation: new equipment & procedures
Leadership: new standards, use by local agencies
Transparency: public discussion of cost/benefit

Accelerated Bridge Construction




ABC Analysis — The Bad News

 Increased Construction Costs

Relative ABC Costs

M Conventional

M ABC

Inv. Tee  Deck Precast Segm. Slide-in  SPMT
Panels  Substr. Box

Type of ABC

e RUCs Don’t Come Back to MnDOT
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MnDOT Implementation of ABC

ABC When Appropriate
— Trial Projects, Shorten Durations in Future

Internal ABC Committee
— Constr., Prelim & Final Design, C.O. (STIP)

Implementation on Selected Projects
— Precast Substr., Inv Tee, Deck Panels, SPMT

Actively Seeking Supplemental Funding
— Highways for LIFE, Destination Innovation

Develop Decision Criteria/Standards/Policy
— Decision Criteria: Spreadsheets, Specialty Software
— Standards/Policy: Based on Successful Projects
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MN ABC — Consultant Involvement

e Design-Build
— Designer for Contractor

— Design Oversight
e Design-Bid-Build

— Consultant Contracts with MnDOT
— Designs for Local Agencies
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MN ABC - Contact Info

 Paul Rowekamp (Standards)
— (651) 366-4484

— paul.rowekamp@state.mn.us
« Keith Molnau (Preliminary Design)

— (651) 366-4456
— keith.molnau@state.mn.us

 Todd Stevens (Final Design)
— (651) 366-4488
— todd.stevens@state.mn.us
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Accelerated Bridge Construction

Thank You

Questions?




MnDOT Bridge Office LRFD Workshop - June 12, 2012

Bridge Standards Update

Paul Rowekamp
Bridge Standards Engineer




Overview

Barriers

Parapets
Ornamental Railings
Approach Panels
Expansion Devices

Precast Box Culverts

MW Prestressed Beams

Rip Rap Slope Protection
Tapered Plate Bearing Assembly
Miscellaneous Issues
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PROACH PANEL ISEE GRADING PLANY ) BRIDGE_SUPERSTAUCTURE 15" SIDEWALK
SIDEWALK 1" - (10'-0" MIN ‘ _* AT ALL TEMPERATURES B A

2-R1609E
Wy 8K T8 NAME PLATE. RIW OF PLATE . s L
A 1061 2-R1GL0E TO BE FLUSH WITH CONCRETE. ¢l

3 5 SEE GUA) L SEE SHEET NO. 1 FOR LOCATION.
/ CONNECTIGEY DETAIL N\ Z'R‘G“E z'RmiE /—2-R1612b: /—2-R1313E
N
l’ / :.I__ THYi | | /
T4 LAP AN

RI602E, RIGO4E,] - (TOP BARS ONLY)

OR RIGOSEN . o
R220TE | | ! CLA. i,

RIG0ZE —

T8 LAP N[ |

N
ITYP. UNLESS OTHERWISE NOTED)

2 EQ. SPS.

™

1y 117" CR

o f NO . ol - |@
— i

10"
PROJ.
I 4 EQ. SPS.

RIGOIE IA |

_/ |a:z § I VEE| | TOP OF| \_
CONST. JOINT RIGOIE JOINT STRUCTURAL DECK RIGOLE CONST. JOINT

ROUGH FINISHI ROUGH FINISH
RIEQIE & RIBO2E RIGOIE & RIGO2E SECTION C-C
SECTION A-A " 5 RIGOIE & RIGO4E RLE0IE & RLEO02E 3" " 13" &" MAX. 5PG. 1'-D" MAX. SPG. -
_ ¥ 6" MAX. SPG. I 6 [ |3 90" MINJ

APPROACH

EXPANSION JOINT BILL OF REINFORCEMENT
v R e NOTES it FLANE EXPANSION DEVICE NOT SHOMN FOR BARRIER
CHECK WTH RQAD DESIGNERS FOR SIGHT INSIDE ELEVATIQON QF BARRIER BAR LENGTH |SHAPE | LOCATION
DUSTANCE REQUIRELENTS. RIGOLE 57 BARRIER_DOWEL

COMRDINATE BARRIER OGN AFFROACH BARRIER MEETS TEST LEVEL 5 REQUIREMENTS OF NCHRP REPORT 350 I@i 1100 BARRIER VERTICAL
PANEL WITH ROAD DESIGNERS. RIGOSE 5107 BARRIER VERTICAL

VERIFY 845 RIGGIE a3 10° I R1604E | - SR |5-10° TO
PROECTION FHEW CROSS SLOPE VARIES T8
1" STANDARD PIPE FROM NORUAL 0.07 FTAFT
168 LBS./FT.
" 12
*x 10 PLATE

BARRIER VERTICAL

BARRIER VERTICAL
BARRIER VERTICAL
BARRIER VERTICAL
BARRIER LONGIT.
BARRIER LONGIT.
BARRIER LONGIT.
BARRIER LONGIT.
BARRIER LONGIT.
BARRIER LONGIT.

1%

10%"
VA
9

I DIAEL? s

e
RIGOZE, RIGOE & RIEOIE "R GENERAL NOTES
BlA" LENGTH OF "TYPE F (TL-5)RAILING CONCRETE (3Y46 OR
3Y46A)" FOR PAYMENT SHALL BE MEASURED BETWEEN
RIGOSE & RLG0SE THE OUTSIDE FACES OF THE CONCRETE BARRIER.

3¢ TOP PIPE

¢ WIDDLE PIPES
¢ BOTTOM PIPE

SECTION B-B

(REINFORCEMENT NOT SHOWN)
¢ DIMENSIONS INCLUDE 3" PLATE

CONCRETE BARARIER = 545 LBS./FT.{0.134 CL. YD5./FT.}

A . FINISH ALL EDGES OF BARRIER WITH ‘%" VEE, EXCEPT
I EN R2207E WHERE. OTHERNISE NOTED. e

g1 DlA.l_ J
HOLES IN PLATE 1" VEE MAXIMUM SFACING OF 1" VEE JDINTS SHALL BE 10 FT.

o

. GUARDRAIL CONMNECTION TO BE STRUCTURAL STEEL,
X 12“|_. SECTION D-D . .
® 1'-0" PLATE —_ £ Mn/DOT SPEC. 3306,

GUARDRAIL CONNECTION AND NAME PLATE TO BE
CONSIDERED INCIDENTAL TO "TYPE F {TL-5) RAILING
CONCRETE (3vdé OR 3Jv46Ax.

: R1608E BARRIER QUANTITIES ARE LISTED IN SUMMARY OF
GUARDRAIL CONNECTION DETAIL QUANTITIES FOR SUPERSTRLCTURE.
R1601E 6" LEG (TYP.
GALVANIZE AFTER FABRICATION PER Mn/DOT SPEC. 3394 2 (D DIMENSIONS TO BE DETERWINED BASED ON THE
ESTIMATED WEIGHT = 22 LBS BRIDGE DECK SLOPE.

i F R1602E, R1603E, R1604E, RI605E & RI1606E
REVISED: 05-26-2006 FIG. 5-397.126
APPROVEDy JULY 25, 2005 CERTIFIED BY e o = _ APPROVED:

2../';7 BARRIER RUSTICATION CONCRETE BARRIER (TYPE F, TL-5) BRIDGE NO.

WITH BRIDGE SLAB SIDEWALK AND INTEGRAL
ST R : END POST (WITHOUT CONC. WEARING COURSE} SHEET NO. _OQF __ SHEETS
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APPROACH PANEL (SEE GRADING PLAN)
(o'-g" MINJ

R2207E
(NEAR 3ICE)
2-R160BE

B

RIGOSE
RLEDGE

I-- [ [ [ ]
RIGOIE

RIGOIE & RIGO4E RIGOIE &
6" MWAX. SPC.
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SEE GUARDRAIL
CONNECTION

[

R2210E
(NEAR SIDE)

A

— 2-R1&12
e

R1602E
& R1608E

2" CLR.

R1602E
& RI607E

Bridge Standards Update

1'-8"

10"

10II

5" 5||-

CHAMFER /"
/—‘(T YP.)

11-gn

NO
CHAMFERl N

VNI

2-R1613E—|

g 1 SAW CUT GAP

- 2-R1614E

|

1

.

_Ti |
2" CLR.

|

;

mm—

2 EQ. SPS.

24" CLR.

2||

CONST. JOINT
ROUGH FINISH

SECTION C-C

;7"

| I
¢ END OF
BRIDGE JOINT

R1602E, R1603E
& R1609E

R1601E, R1603E

2 SPS.

8 &

R1609E
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L1607E WEARING COURSE
L160SE» /_|

| SHOWN
2 cir. | i k |
—L1602E

n

(77 7 L /4

- L1601E

L1607E TO BE SET ON BO
[—L1606E & L16OTE MAT OF DECK REINFORCE

SECTION A-AQ®

#» L1603E, L1604E, L1605E ARE SPACED WITH
BARRIER LONGITUDINAL REINFORCEMENT.
SEE CONCRETE BARRIER SHEET FOR SPACING.
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L1601E

L1604E &
L1605E

SECTION A-A

= | 1603E SPACED WITH PARAPET
LONGITUDINAL REINFORCEMENT. SEE CONCRETE
PARAPET (TYPE P-1) SHEET FOR SPACING.
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Tf\fT € JOINT —=
:” : BRIDGE_APPROACH OR WINGWALL | BRIDGE_SUPERSTRUCTURE
1 |
3 = SAW CUT GAP, V4" 2" CHAMFER
Ve 10 e BOTH SIDES
(NI = 2" CLR.
L. Cl3.E— [NIN] 2" CLR. = - SEE CONTROL R TOP OF
3 .t [ A @ TPy JOINT DETAILS 5 smgWAfK
b o -
; T T 2" 5 pe o ' HTT ' - ‘G— < =\~. .
" ; ! *[ [ eLr - mr— -
1 1 | | || —
= 1 1 - -
dg ™ S . C1601E
3|8 [ s ' ‘ Sug < j
ox(= 1 1 < | pat 4
52| 1 91 % A 2-C13__E TO : 2-C13__E TO € CONTROL JOINT e E
Q25 1 1 [SEMS | C13_E 15
gz|2 (R \_ ng CONST, JOINT
xz|o N " " o —_gn =] 3
€32 137 C1602E 3 1-0" MAX. SPG. 1-0" MAX. SPG. ] ROUGH' FINISH
(% 2" |15" POLYSTYRENE SECTION B-B
z s 17YPE B C1602E C1601E o= - -
Sl CLR. A
v USE A16_F IF BARRIER
\—lIS ON_THE WINGWALL. CONTROL JOINT
SEE ABUTMENT SHEETS JOINT AT ABUTMENT
SECTION A-A (INTEGRAL OR SEMI-INTEGRAL ABUTMENT) SEE DETAIL "A" FOR PARAPET ABUTMENT
INSIDE ELEVATION OF 10" CURB
EINFORCING NEEDS TO BE CHECKE|
TEXT IV ITALICS ARE DESIGNER NOTES. CURB DOES NOT MELT CRASH TEST
REMOVE PRIOR. 70 PLOTTING FINAL PLAN, REQUIREMENTS OF NCHRP REPORT 350 BILL OF REINFORCEMENT
X-OUT ALL DETAILS NOT BEING USED. FOR CURB
BAR | NO. | LENGTH [ SHAPE | LOCATION
c1601E] [ 4'-6" | = [CURB BASE VERTICAL]
c1602E| __| 4'-8" | = [CURB BASE VERTICAL]
c13..E| | | —— [CcuRB BASE LONGIT.
C13_E| __ —— | CURB_BASE_LONGIT.
c13..E| | | ——[curB BASE LONGIT.
Wl w 8 . 1-ov
(=] Q
w0 0
S| ©
Vg" WIDE BACKER ROD
SAW CUT JOINT (TYP. THREE .
(TYP. THREE SIDES) SIDES) I
_
&£ GENERAL NOTES
C1601E, C1602E —
. - PAYMENT LENGTH OF "CONCRETE CURB (3Y46 OR 3Y46A)" SHALL BE
ABUTMENT WINGWALL  BRIDGE SUPERSTRUCTURE MEASURED BETWEEN THE OUTSIDE FACES OF THE CONCRETE CURB.
CONCRETE CURB = 125 LBS./FT. (0.031 CL. YDS./FT.)
SECTION H-H i FINISH ALL EDGES OF CURB WITH /" CHAMFER, EXCEPT WHERE
o= - OTHERWISE NOTED.
M . u COVER 1 MAXIMUM SPACING OF CONCRETE CONTROL JOINTS ON SUPERSTRUCTURE,
/_IVEE o 4" WIDE /_{ZQIN%EE.Z..T%‘Z'EESS PLATE ~ :IL JI: ~ APPROACH AND WINGWALL SHALL BE 10 FT.
(TYP. THREE_SIDES) (TYP. THREE SIDES) L L SEE SUPERSTRUCTURE SHEET FOR JOINT SPACING.
RO BAD AN
Yo H CONCRETE CURB GUANTITIES ARE LISTED IN SUMMARY OF QUANTITIES
e 1, o | ke SEE SPAFFORD — FOR SUPERSTRUCTURE.
S X. SPG. | 6" " X. SPG.
h h T 3 (D|[SEE_SPECIAL PROVISIONS FOR JOINT SEALING REQUIREMENTS.
KIG—OZE\ CI601E
» \ OR at6-E /TZ)FTAH AN
- - (USE IF_PARAPET ABUTMENT.)
SECTION G-G SECTION 6-G (EXPANSION DEVICE NOT SHOWN)
OPTION 1 OPTION 2
CONTROL JOINT DETAILS
WHEN USING SLIP FORM METHOD TO PLACE THE CONCRETE, -
REVISED: — RU\V’E CUT JOINT 3 INCHES DEEP USING MARGIN TROWEL OR I Fic. (5 397'167)
et SIMILAR MEANS IMMEDIATELY AFTER CONCRETE PLACEMENT e DES: DR "APPROVED:
APPROVED: CERTIFIED BY —
(TYP. THREE SIDES)
Q" p\PP REFERENCE DATE e e = CONCRETE CURB o [ BRIDGE NO.
N N SaTE arbee evonesn T NAME: LIC. NO. SHEET NO. _OF __ SHEETS




1" CHAMFER
BOTH SIDES

TOP QF
SIDEWALK

Cl13__E TO
C13__E
LONG. BARS

L{CONST. JOINT
ROUGH FINISH

SECTION B-B
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Bl 84

i 4

T1602E

\_‘cousmncnm
ROUGH FINISH

- T1601E(%)
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T i SCRE : BE REICESSED ELOW WA E( AO‘( ¢ ¥ ol 2, 1'-6" MAX. SPG. 5"
SURFACE ANI FACE OF SIDEWALK HEAD Ic ¥ BOLT AND FLAT HEAD CAP SCREW
¥" RADIUS AP SCREW +

®,

4" BIT.FELT OR EQUAL
UNDER FREE END OF PLATE(D)

I/3* BIT.FELT OR EQUAL ¥" RADIUS

UNDER FREE END OF PLATE@

©

—t

SEE DETAIL "A"

2" LONG HEX COUPLING NUT

¥* DIA. x 4" BOLT
/2" BIT. FELT|
TOP OF DECK @% | < TOP OF DECK
L 7/ OR EQUAL [TOP OF DECK L 0P OF DECI
I . . T e ,;—1-: .CLR.. " |BLOCK OUT FLARED
oy SEE BENT . ] B A FRR AREA AS SHOWN FOR . L
1'-6" MAX. [~ .BLOCK OUT FLARED AREA—/ o  * °1l1" MIN. - =4 GLAND INSTALLATION BLOCK OUT FLARED AREA— o~ + o.llo1" MIN. L
N N - - . . " - . o T8’ . " - o . B -
SPCl e et | e ) 1. ' TRAFFIC ;e et | ke, e A
' ! T Y M " SEE BENT STUD DETAIL'J ! o Y q
l+—GUTTER LINE ELEVATION e MAX SPG. l=—GUTTER LINE
SECTION THROUGH SIDEWALK - OPTION ! SECTION THROUGH SIDEWALK - OPTION 2
SIDEWALK DETAILS
@ 3 >y —_—
st
! x 1'-0)/z" RAISED SYMMETRIC ABOUT
FZ‘TTERN COVER PLATE I & %" DIA.x 1" FLA G MEDIAN JOINT
[ IHEAD caP ScREW
SEE DETAIL "A" v | Top oF D GUTTER LINE —»] 1 I——I"- o' DA x 1 FLAT
1o " "IHEAD CAP SCREW
Il 5 1-6" MAX. SPG. o 13" x 25" SLOT %" PLATE i
. @l RADIUS BOLT AND CAP SCREW | ] FOR ACETATE GLAND ® _\ D PLATE TO BE RECESSED /4"
2"
SEE DETAIL ™A™ T LONG HEX COUPLING NUT
220 ONG HEX 1 J AND 3, DTA, % 4" BOLT
PLING NUT 12 | |
YP.) 3" x 1'-0Y/" RAISED LU y
PATTERN COVER PLATE ToP OF DECK = @ V2 BIT.FELT TOP OF DECK
3 OR EQUAL /—
V5" BIT.FELT OR EQUAL 6" I L .
UNDER FREE END OF PLATE(D g : . . 5
g . . 3
it MIN, ° ° . Lo - e
%" DIA. x 4" BOLT o . . B . .
SECTION D-D 2 A [ ¥g' BIT.FELT TRAFFIC
2 v v T FLARED AREA °R EQUAL (D
L' %" BIT.FELT OR EQUAL SEE BENT STUD DETAIL MEDIAN ELEVATION
UNDER FREE END OF PLATE (D) 16" MAX. SPG. -
NOTE: wAN 10"
TRANSVERSE DECK REINFORCEMENT MAY DETAILL "A" MEDIAN SECTION ® ® o
BE SHIFTED THE MINIMUM DISTANCE —_—
REQUIRED FOR EXPANSION DEVICE PLACEMENT | | | |
BLOCK OUT CONCRETE] f i A
LR BLOCK OUT AREA FLARED AS ’ %' x 10" x 2'-2% PLATE
v x 10" x 2-2% PLATE SHOWN FOR GLAND INSTALLATION 5 BE RECESSED s BELOW
2" LONG HEX COUPLING oy 1mOn x 2w Vo d
%' x 10" x 2'-2" PLATE " 10 BE RECESSED /4" BELOW o FACE OF BARRIER
NETSCIES: 0 BE RECESSED /4 BELOW 2 Lon ;E"x SoveLing) |, FACE OF BARRIER g
FACE OF BARRIER ot yms " yDIA. X 6" LONG SLOTTED HOLE . |
; ) FOR ¥ DIA. x 14" FLAT HEAD CAP N ! .
o o i By SCREW WITH 2 LONG' HEX COUPLING NUT &, Ji DIk x 1t FLAT HEAD
- AND %" DIA. x 4" BOLT. DO NOT TIGHTEN N CAP SCREW g
I~ DOWN 'CAP SCREW. SEE DETALL "A" Y A‘l
S— ]
1 . e DIA x 4% BOLT (TYP.)
BLOCK OUT CoNCRETEl_ r v \ |J .
TO PERMIT GLAND -
PLACEMENT S @ " BIT.FELT| | Ol o
TOP OF DECK iy TOP OF DECK oR EauaL [ ™ | . :. 2 LONG HEX COUPLING NUT (TYP.)
T
a BEVEL—/ g
SEE_BENT n 3
STUD DETAIL 'Il:' N TOP OF DECK
(TYP) = TRAFFIC RA T
W TOP OF DEVICE l GENERAL NOTE
A A A SEE DETAIL 5-397.627 FOR ADDITIONAL
! M. 1 MIN ! ' INSIDE ELEVATION DETAILS AND NOTES.
3 h (CONCRETE PARAPET RAILING AND BACK OF TYPE F RAIL)
P (DUSE LARGEST SINGLE PIECE POSSIBLE. USE
OF SMALL PIECES OR SCRAPS SECURED
GUTTER LINE —=] l— GUTTER LINE —] TOGETHER IS PROHIBITED.
CONCRETE PARAPET RAILING TYPE F RAILING (@'SEE NOTE (2) ON DETAIL SHEET 5-397.627.
REVISION: 02-23-2011 SECTION THROUGH RAILINGS - INTEGRAL SIDEWALK FIG. 5-397.630
APPROVED; SEPTEMBER 26, 2003 CERTIFIED BY e WATERPROOF DESt Jor | APPROVED:
y CHKs [ ok BRIDGE NO.
', CONSD FOrESSIOW. DYHGER o EXPANSION DEVICE —
STATE Bathce B NAMEs LGN (WITH RAISED MEDIAN OR SIDEWALK) SHEET NO. _OF __ SHEETS
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3" x 1'-0Y5" RAISED
PATTERN COVER PLATE

RV A

Ll'z" BIT. FELT OR EQUAL

UNDER FREE END OF PLATE (1)
DETAIL "A"
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14" BEVEL

14" DIA, PINTLE X
IORIVING FIT) BEAM -]
& BEARING —=

BEARING PLATE ! E
T~ | Eor o
SOLE PLATE
10 o SEE B303 I| ? 1
ﬁ_ ] 1 I
T/ T AW (N
[=] oF SN - '.f -~ — - — - - |'_|'_|| ol w
E I
~E BEARING PLATE —=| | ||
ELASTOMERIC BEARING PAD ELASTOMERIC |_'_| o | :
TOP OF PAD %LDED STUD (TYP) BEARING PAD Ll
BEARING PLATE DETAIL 0 A v
¢

§ BEARING —-| § BEAM —-I

X
BEAN : l i PLAN
M SHAPE —\j —_—
MN SHAPE Yl
PINTLE (TYP.) _)'

== 7

| /— SOLE PLATE —\
- L = W

BEARING PLATE )/‘

DESIGNER NOTE
{REMOVE DESIGNER NOTE PRIOR TO
PLOTTING FINAL PLAN}
USE TAPERED PLATE FOR GRADES EXCEEDING 3%
MAINTAIN SAME TAPERED PLATE THICKNESS
FOR SLOPES IN EACH OF THE FOLLOWING

| VARIES

RANGES: 3-5%, 5-7Z, 7-9%, »9%,
MINIMUM THICKNESS OF TAPERED PLATE IS Y4".
ROUND ASSEMBLY HEIGHT TO NEAREST 4.

ELASTOMERIC
.+ IBEARING PAD

>
§' ~® MODIFY FRAMING PLAN FER NOTE (D).
] g USE ¥ UNREINFORCED PAD WITH CONTINUITY
] SECTION X-X ﬁ 8 DIAPHRAGMS OR INTEGRAL ABUTMENTS.
e v Aa g|d
TABLE
)
Bu BEARING BEARING ASSEMBLY
S BEAM SHAPE
B8 | Location | S PAD SIZE  |FyiToR PLATE SIZE HEIGHT
2 A[B] 0B c[ E F ¢ | H.OD
N __ |12Jza] v [ 80 (o] & | | |
NOTES:
ELASTOMERIC MATERIALS AND PAD CONSTRUCTION SHALL (D) MARK THICKER SIDE OF SLOPED PLATES WITH AN "H
COMPLY WITH SPEC. 3741, FOR PLACEMENT. SEE FRAMING PLAN SHEET NO. _.
ALL STEEL PLATES SHALL COMPLY WITH SPEC. 3306. @%EARING PAD AND BEARING PLATE THICKNESS AT
BEARING.

PINTLES SHALL COMPLY WITH SPEC. 3309.

@"D" INDICATES THE THICKNESS OF THE BEARING PAD.
GALVANIZE STRUCTURAL STEEL BEARING ASSEMBLY AFTER
FABRICATION PER SPEC. 3394, AREAS WELDED SHALL BE REPAIRED @5{"‘ DIA. x %" KNOCK-OFF WELD STUDS INSTALLED ON

PER SPEC. 24TL3L. B2ARING PLATE AROUND PERTMETER OF BEARING FAD.
CENTERLINE STUD T0 EDGE OF PAD DIMENSION = V5",

PAYMENT FOR "TAPERED BEARING PLATE ASSEMBLY" IS PER MAX, STLD SPACING = 4", AND MAX. SPACING TO PaD
EACH, AND SHALL INCLUDE ALL MATERIAL ON THIS DETAIL, CURNER = 2,

APPROVED: XXKXKXX XK, . STATE OF MINNESOTA REVISION DETAIL NO.

. O\WLO EFERENCE M TED)  DEPARTMENT OF TRANSPORTATION
Bridge Standards Update PR
pY TAPERED BEARING PLATE ASSEMBLY 2309
Q‘\ ................... (FOR INTEGRAL ABUTMENTS OR PIERS WITH CONTINUITY DIAPHRAGMS)
NNNATATE BRIDGE ENGINEER




/" BEVEL

1//2" DIA. PINTLE
(BRIVING FIT)

90" BEARING PLATE

ELASTOMERIC BEARING PAD
TOP OF PAD WELDED STUD (TYP.)

BEARING PLATE DETAIL
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Miscellaneous Issues

High Performance Concrete Deck Mixes
Inverted T’s

CIP Retaining Wall Standards

MSE Walls - Special Provisions & Standards

Noise Walls - Concrete
Utility Policy
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Utility Policy
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Inches or Millimeters?

NOTE: CRSI Board of Directors, through the Engineering Practice Committee,

IS encouraging producer Members to revert to an inch-pound bar marking system for
all sizes and grades of deformed reinforcing steel products. The intention of this
resolution is to reduce confusion and the chance of errors/delays from the
construction supply chain. Click here to view the full resolution. JANUARY 15t, 2014

BAR SIZE
DESIGNATION

REINFORCING BARS

NOMINAL DIMENSIONS

ASTM STANDARD INCH-POUND

AREA
{in)

WEIGHT

DIAMETER
fin}

BAR SIZE
DESIGHATION

ASTM STANDARD METRIC

REINFORCING BARS

HOMINAL DIMENSIONS

AREA
{mm?)

WEIGHT
(kgfm)

#3

0.11

0.376

0.375

#10

71

0.560

0.20

0.668

0.500

#13

129

0.994

0.31

1.043

0.625

#16

199

1.552

0.44

1.502

0.750

#19

284

2.235

#7
#8

0.60
0.79

2.044
2.670

0.875
1.000

#22
#25

510

387

3.042
3.973

#9

1.00

3.400

1.128

#29

645

5.060

#10

1:27

4.303

1.270

#32

819

6.404

#14

#11

1.56

2.25

5.313
7.65

1.410

1.693

#43

1452

1006 |

11.38

7.907 | __

#18

4.00

13.60

2.291

#57

2581

20.24

Tha curment AB1S specilfication covers bar sioes #14 ard 118 in Geade 80, and bar sizes #

i The curment ALTSM specfication covers bar sioes #43 anad B5T in Grade 420, and bar sizes I

L]

and 818 in Grada TS, The osmenl ATOS specdficaton also oovers bar :l-mill-l'ldl'ﬂﬂlm B4, and #ST in Grade 520. The curent ATDS specifcalion siso cove's bar sizes 843 and 857, Bar
3 Twough #1L8 ane nof inchuded in tha AZSS specficaton

sens §23 through BST are not mduded in the ASSEM specilcation
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1. Introduction
. Loads and Load Factors

. Process of Load and Resistance Factor Rating
(LRFR)

Limit States & Reliability

Special Type Superstructures

Load Posting

. Assigned Bridge Ratings & Physical Inspection

Rating (PIR)

w N

N o oA

8. MnDOT Rating Forms
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Introduction

* Purposes of Load Rating

« Ensure Bridge Safety

Comply with Federal Regulations

Rehabilitation or Replacement Needs

Processing of Overload Permits

Posting Needs

Bridge Load Ratings



Introduction

* When Should a Load Rating be Performed?

* New Bridges

* Change in the Live Loads

* Change in the Dead Loads

« Change in the Physical Condition

« Change in the Specifications, Laws, or
Software
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Introduction

e

Bridge Load Ratings




)

Introduction

» References
« The Manual for Bridge Evaluation (MBE), 2"d

Edition, AASHTO
 MnDOT LRFD Bridge Desigh Manual, Chapter 15
 MnDOT Inspection Manual, Appendix B

« AASHTO LRFD Bridge Design Specifications, 5t
Edition
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Introduction

« Definition of Load Rating

* Live Load Capacity of a Bridge

> Using as-built bridge plans including all
modification/rehabilitation plans

> Using latest field inspection report (NBIS)
« Expressed as a Rating Factor (RF) - LRFR
» For example: RF =1.3

« Expressed in a Tonnage for a Particular Vehicle -
LFR/ASR

» For example: HS 26

WWNESQ,.

WV
w
dv\
“OTaAO™

Of TRP“\
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Introduction

« Rating Levels

* Inventory Rating

»>Safe for state legal loads within federal weight
laws (Formula B) and LRFD exclusion limits

»Comparable to new design

* Operating Rating

»Safe for state legal loads within federal weight
laws

»Safe for permit crossing

Ve
g
o$ C
b Z
) &
“OTaAO™
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Introduction

« Rating Methods

» Load and Resistance Factor Rating (LRFR)

»Uniform reliability

» Probabilistic methods to derive load and
resistance factors

» Load Factor Rating

»>Strength Based

»No guidance on adjusting Load & Resistance
factors

 Allowable Stress Rating

£~
1
-
) &7
“OTaAO™
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Introduction

MnDOT Status

« Load and Resistance Factor Rating (LRFR) is used for

» New bridges (mainly after 2010)
> Major rehab bridges designed by HL-93
» Major complex bridges

» Some existing curved steel girder bridges

» Load Factor Rating is used for

> Existing bridges
» Minor rehab/repair bridges
» Posting and permitting requests

» Allowable Stress Rating is used for

» Timber bridges ,,9*‘(9%;
» Any bridges can not be rated by other methods N ﬁ

Bridge Load Ratings



Loads and Load Factors

* Loads for Ratings

» Design Load - HL-93 (LRFR) or HS 20 (LFR/ASR)
»Notional load for screening
»Inventory rating level and Operating rating level
»Bridge plan data block

* MN Legal Trucks and AASHTO Special Hauling Vehicles
(SHVs)

»Operating rating level only
»Bridge posting determination

* MN Standard Permit Trucks
»Operating rating level only
»Overweight permit determination

11 Bridge Load Ratings



Loads and Load Factors

OCTOBER 2011 LRFD BRIDGE DESIGN

 MN Legal Loads

APPENDIX 15-D

MINNESOTA LEGAL (POSTING) LOADS

TYPE M3 UNIT
GVYW = 48K
L = 1le’

TYPE M352-40 UNIT
GVW = 8OK
L =51

TYPE M353-40 UNIT
GVW = 80K
L =47

12 Bridge Load Ratings
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Loads and Load Factors

« AASHTO
SHVs

Bridge Load Ratings

OCTOBER 2011

‘LRFD BRIDGE DESIGN

- APPENDIX 15-D (Continued)

MINNESOTA LEGAL (POSTING) LOADS

TYPE SU4 UNIT

GVW = 54K
L = 18"

TYPE SUS UNIT
CVW = 62K
L =22

TYPE SU6 UNIT
GVW = 69.5K
L = 26'

TYPE SUT UNIT
GVW = T7.5K
L = 30'

12

8

17

&
Abknnﬂﬁ

=)
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Loads and Load Factors

MnDOT Single Truck
Posting Model

New AASHTO Specialized Hauling
Vehicle - 5 axle Posting Model

New AASHTO Specialized Hauling
Vehicle - 7 axle Posting Model

14 Bridge Load Ratings

<




Loads and Load Factors

1960 -1970 's

15 Bridge Load Ratings
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Loads and Load Factors

« MnDOT Standard Permit Loads

 Annual Permit Truck Models
» Standard A, B, and C
> Total Weight <145,000 LB

* Single Trip Permit Trucks Models
> P411 and P413
» Additional Standard Permit Trucks G-07

« Uniform Lane Load of 200 PLF for Span>200’

Bridge Load Ratings



Loads and Load Factors

17

ﬁv\r]lc)(:)-l- | : 16 16 16
Standard Wmﬂi M:cucx N g
Annual Permit

Load Models

STANDARD B TRUCK
CVW = 136K

18 18 18 18

STANDARD. € TRUCK
© GYW = 159K

Bridge Load Ratings

16 16 16

18

18

18
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Loads and Load Factors

MnDOT Standard Single Trip Permit Load Models

2 T 19.2 19,2
9.2 | 19.2 19,2 '
P411 TRUCK : FIRPY 2v |4

GYW = 207K
L= 83" 1 ' ] 1 1I

20 20 20 ' 20 20 20 : 20. 20 20 20 20. 20

4' 14!

F‘413. TRUCK | ' q" 414" : 4|4
GVH = 255K , - 5 '
L=17 i I i I

Bridge Load Ratings




Loads and Load Factors

Total Weight = 703,000 LB

19 Bridge Load Ratings
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Loads and Load Factors

* LFR Load Factors
DL load factor = 1.3
LL load factor at inventory level = 2.17
LL load factor at operating level = 1.3

Bridge Load Ratings



Loads and Load Factors

« LRFR Load Factors

Table B6A-1—Limit States and Load Factors for Load Rating (6A.4.2.2-1)

Dead Dead Design Load

Bridge
Type

Limit State*

Load

Load

Inventory

Operating

Legal Load

Permit Load

DC

Dw

LL

LL

LL

LL

Steel

Strength I

1.25

1.50

1.75

1.35

Tables 64.4.4.2.3a-1
and 6A.4.4.2.3b-1

Strength 11

1.25

1.50

_Table 6A4.5.4.2¢-]

- Service I

1.00

1.00

Fati gue

0.00

0.00

Reinforced
Concrete

Strength I

1.25

1.50

1.30

Tables 6A.4.4.2 3a-1
and 6A.4.4.2.3b-1

Strength IT

1.25

1.50

Service 1

1.00

1.00

Prestressed
Concrete

Strength I -

1.25

1.50

Tables 6A.4.4.2.3a-1
and 6A.4.4.2.3b-1

_Table 6A.4.5.4.2a-1

Strength 11

1.25

1.50

Service []1

1.00

1.00

Service |

1.00

1.00

Table 6A.4.5.4.2a-1 |

Strength I

1.25

1.50

Tables 6A.4.4.2.3a-1
and 6A.4.4.23b-1

Strength 1T

1.25

1.50

Table 6A.4.5.4.2a-1

Bridge Load Ratings




Loads and Load Factors

« LRFR Load Factors

Table B6A-2—Generalized Live Load Factors for Legal Loads: v; (6A.4.4.2.3a-1)

Traffic Volume _
{one direction) ' Load Factor

i

ADTT > 5000
ADTT = 1000
ADTT < 100

Table B6A-3—Generalized Live Load Factors, y; for Specialized Hauling Vehicles (6A.4.4.2.3b-1)

Load Factor for
Traffic Volume NRL, SU4, SUS,
(one direction) SU6, and SU7
Unknown
ADTT = 1000

ADTT< 100 iNESs

22 Bridge Load Ratings



Loads and Load Factors

« LRFR Load Factors

Table B6A-4—Permit Load Factors: v; (6A.4.5.4.2a-1)

Permit Type

Frequency

Loading Condition

ADTT (one
direction)

Load Factor by
Permit Weight™"

Up to
100 kips =150 kips

Routine or
Annual

Unlimited
Crossings

Mix with traffic (other

| vehicles may be on

the bridge)

Governing of
one lane or two
or more lanes

>5000

1.80 1.30

=1000

1.60 1.20

<100

1.40 1.10

:if-’;*ﬁﬁ_ﬂ:":-

Special or
Limited
Crossing

Single-Trip

Escorted with ne other
vehicles on the bridge

N/A

Single-Trip

Mix with traffic {other
vehicles may be on
the bridge)

>5000

=1000

<100

Multiple-Trips
(less than 100
crossings)

Mix with traffic (other
vehicles may be on
the bridge)

One lane

>5000

=1000

<100

DF=1RFD distribution factor. When one-lane distribution factor is used, the built-in multiple presence factor should be
divided out. '

b Foroutine permits bétween 100 kips and 150 kips, interpolate the load factor considering also the ADTT value. Use only axle

ights on the bridge.
Bridge Load Ratings




Loads and Load Factors

* LRFR Multiple Presence Factor (MPF)
e HL-93 per AASHTO LRFD
 MN Legal Loads and SHV trucks per AASHTO LRFD
* Annual Permit Loads per AASHTO LRFD
 Single Trip Permit Loads MPF=1.0

 Number of Lanes (LRFR)

 Number of design lanes shall be used for all strength
checks at both inventory and operating levels

 Number of striped lanes shall be used for service
check at operating level

Q‘\\\AN E Sol“q
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LRFR Process

* Process based on Live Load Distribution
Factors

« Use LRFD distribution analysis methods in LRFD
Article 4.6.2

* One or Two+ lane distribution factor
 Virtis Software

* Process based on Finite Element model

« Complex bridges only

» Load patterning for HL93 only and combinations
of HL93 and permit loads

25 Bridge Load Ratings



LRFR Process

« LRFR Basic Formula

Rating Factor:

RF — Q)CQ)SQ)R i VDLDL

Yoo (LL + 1)

0,05 = 0.85 MBE 6A4.2.1-1

YoL) - MBE table 6A.4.2.2-1
Y1) - MBE table 6A.4.2.2-1
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LRFR Process

» System Factor ¢,

« MBE Table 6A.4.2.4-1

« System Factor = 1.0 for shear at the strength
limit state.

Bridge Load Ratings



LRFR Process

« Condition Factor ¢,
Table 6A.4.2.3-1—Condition Factor: ¢,

Table C6A.4.2.3-1-—Approximate Conversion in Selecting o,

Superstructure Condition Equivalent Member
Rating (S & A Ttem 59) Structural Condition

6 or higher (Good or Satisfactory

4 or lower Poor RV TS
| " 4~¥
E &
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Limit States

 MnDOT Requirements
* No fatigue check required

* For new HL-93 designed bridges, service state
checks of permit loads are required

Table B6A-1—Limit States and Load Factors for Load Rating (6A.4.2.2-1)

Bridge ad :

2

- Tables 60A.4.4.2.3a-1

Streng 23 3 . K
Strength I ' and 6A.4.42 3b-1
Strength 11 : 1.5

R 1 f e
einforced Strength T
Concrete =
Strength I

Prestressed Strenoth 1 ‘ . Tables 6A.4.4.2.3a-1
Concrete mREe e "~ : ’ and 6A.4.4.2.3b-1

Strength I1

yA) Brigoerody Rd

Strength I
o,



Limit States

 Service | Permit Load Check
« Limiting the steel stress to 90% of yield stress

f.=0.9f,0r0.9f,

« Ensure no permanent deformations from overweight
loads

 Alternate approach - Limit unfactored moments to
75% of nominal flexural capacity (Mn),

MBE C6A.5.4.2.2b
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Reliability

» Reliability Index
* Inventory Level = 3.5 (same as design)
* Operation Level = 2.5 (target inspection cycle)

Bridge Load Ratings



32

Special Type Superstructures

* Curved Steel Superstructure
« Load Patterning - One/Two HL-93 or Permit Trucks
» Load Factors - Using MBE Tables
 MnDOT Guidance - Under development

* Post-Tensioned concrete segmental box
« Load Patterning - All combinations
* Design Loads - Including permit trucks
« Load Factors - Past:1.35 used
Future: new MBE revision

Bridge Load Ratings
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Special Type Superstructures

* Truss and Gusset Plates
 MnDOT Bridge Design Memo - will be revised
 FHWA Guidance and Examples - Flexure not required
e AASHTO - Future Revisions

* Prestressed Concrete Beam Bridges with Shear
Issue
« Current University of Minnesota’s Research Project
« Shear Analysis Process
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Load Posting

* Posting Rules

 AASHTO and Minnesota rules require posting
bridges when bridge condition has
deteriorated and reduced its capacity to
safely carry legal loads

* Must close a bridge when the capacity of a
bridge is less than 3 Ton

* A vehicle type shall not be allowed when the
rating factor of that vehicle type falls below

0.3
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Load Posting

* LFR/ASR Methods - Currently Used
Follow MnDOT LRFD Design Manual Chapter 15

* LRFR Method - Currently not Implemented by

MnDOT "
Safe Posting Load= = |(RF) — 0.3]

w = Weight of rating vehicle
RF = Legal load rating factor
MBE 6A.8.3-1

35 Bridge Load Ratings



Load Posting

« Sign Samples - R12-5 and R12-5a



Assigned Rating

 MBE requirements
* Bridges desighed by HL-93 or HS 20/HS 25
 Bridge condition not changed
 Bridges only carry MN Legal loads
»Inventory Rating Factor = 1.0
»HL93 Operating Rating Factor = 1.3 or
»HS 20 Operating Rating = HS 33.4

 FHWA requirements
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Physical Inspection Rating (PIR)

Use when a numerical rating value cannot
readily be calculated.

The reason can be:

* No bridge plan available
* Concrete with unknown reinforcement
» Deteriorated culverts
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Physical Inspection Rating (PIR)

* PIR Procedure

 Form PIR + cover sheet (form RC-TH or RC-
CL)

» Consider condition, age, type, redundancy,
ADTT, loading, etc.

« Rating determined by the engineer based on
all available information and his/her
judgment
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Rating Forms

» All forms are available online
http://www.dot.state.mn.us/bridge/docsdown.html

Bridge Load Ratings



Rating Form for County & Local Agencies

MnDOT BRIDGE RATING AND LOAD POSTING REPORT
FOR COUNTY AND LOCAL AGENCIES

FORM RC-CL
Revised Jan. 2012

FORM RD-CL
Revised Jan. 2012

BRIDGE RATING DETAILS

i = | Descripti

over [] Bridge No.
Hwy. No. Under(]

Year Built Year Remodeled Replaces Br.
Type County Ref. Pt.

Description

Location

Data for Basis of Report (Check all that apply) NBI Condition Ratings

Deck
Bridge Inventory File Superstructure

Previous Bridge Rating and Load Posting Report Substructure
Bridge Plans ADTT _
[ New [J overlay
[0 Repair/Reconstruction
[J other Dead Load Modifications
[J Bridge Inspected by
[J Damaged Component
[J Deteriorated Component
Types of Analysis:

O M™anual
*

O Computer* [0 BARs [ virtis, V. [J other*

Method of Rating (Check appropriate box)
[ Load Factor (LF) [ Assigned Load Ratings | Design Load
[0 Allowable Stress (AS)

[] Load & Resistance Factor (LRFR)
[J Load Testing

[ No Rating Computations performed

Design Method

Bridge Type
Rating Method
Roadway Width
[ Curved
Beam Spacing

[ Tapered

Bridge No.
Design Load:
Inventory Rating:

Operating Rating:
Rated

[] Live Load Distribution Factor
Single Multiple
[ Finite/Grid Element Analysis

Date
Sheet

BEAM ELEVATION 2
Show span lengths, structure/beam depths.

Truck Location

Limit State 3 Notes/Comments

Summary of Rating and Load Posting Analysis

Required ]
Not Required  [J
 Sign TONS Inventory Operating

R12-1A []
R12-5a_[] b3 g Hs [
- RF —_—

Load Posting Bridge Rating

HS 20 Inventory

HS 20 Operating

Post, M3

R12:5 [J
R12-X11 [] 45

I hereby certify that this report was prepared by me or under my direct supervision and that I am a duly Licensed Professional
Engineer under the laws of the State of Minnesota.

Signature: Date:
(Typed or Printed) Name: License No.

(Typed or Printed) Employed by ((CJAgency/[JFirm):

Post, M3S2

Post, M3S3

Type SU4

Type SU6

My signature below indicates that I have read and fully agreed with the load rating report.

Program Administrator’s Signature:

Type SU7

Bridge Load Ratings

1 Choose from: service or ultimate; shear or moment

2 Elevation may be on back or another sheet if it won't fit here.




Culvert Rating (Form 920)
OLD NEW

FORM %0
PHYSICAL INSPECTION RATING

Culvert Rating Form

Bridge Number: Year Remodeled:
C Bridge Owner:
Feature Crossed:

Structure Type Cod Culvert Dimensions:
No. of Barrels: :

7o | w0 | P
ARG ON FOOTRG -mm-m s -E-
e = Coneree | Footng Supporied Ach 5500
I N N T N N
G o ' s | wems | % | Fooing Swporeian | stz | #5200 |30
aourmms HS240 | HS360 | J 1

fecives 7 | msmo | wsso |

NOTE: For LOA™ =" "~
HS 25 De

VATERIAL MBI Condition Rating: Culvert _
e If the culvert condition rating is 4 or less, do not use this form.

METAL

Instead, rate by Physical Inspection Rating (Form_PIR).

TIMBER

MASONRY /_|ARCHONFOOTING Y\ HS180 | Hs270 |

The Physical Ingfection ot this structure indicates o\ structural distress
and is considepéd safe for all legal loads under current\xaffic conditions,
thepfore the above ratings are considered approgriate.

OR

b Physical Inspection of this structure indicate possible dis\ess;
LE.. METAL - deflections of 2% of the span or rise or >= §*.
CONCRETE - any cracking greater than .01"
TIMBER - cracking, rotting or other defects.
I therefore recommend the following reduced ratings on my judgment.
{Typed of Printed) Name:
INVENTORY RATING OPERATING RATING Typea os Printea) Title:
(Enter appropriate ratings in spaces provided) [Typea or Prmea) Employed by (Agency / Firm):

Rated by: Date:
(Engineer's Name)
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Physical Inspection Rating (PIR)

Old

FORM V

New

PHYSICAL INSPECTION RATING

FORM RC-CL
Revised Jan. 2012

MnDOT BRIDGE RATING AND LOAD POSTING REPORT
FOR COUNTY AND LOCAL AGENCIES

FOR STRUCTURES WITH

‘POOR’ CONDITION OF A SUPPORT ELEMENT

\ IDENTIFICATION DATA /

caunty
Route Systen/N er

Bridge

Year Built

Structure Type / Length

Describe ITEM DEFICIENC\X/

Feature Crossed

of this structure,

I recommend the s/fnctiure be rectricted in CARRYING CAPACITY.

Based on my engineering judgemen
@ GROSS LOADING CAPACITY for this struckure
should be
OR
TONS SINGLE VEHICLE and TONS SEMI-TRAIL

RELOMMENDED BY:

over [
Hwy. No. Under[]

Bridge No.

FORM PIR

Revised Mar 06

MINNESOTA DEPARTMENT OF TRANSPORTATION
PHYSICAL INSPECTION RATING

(Per AASHTO 7.4.1 - Manual for Condition Evaluation of Bridges)

YearBult Year Remodeled
Type County

Replaces Br. _
Ref. Pt.

Description

Location

Bridge Location and Description

Hwy. No

over Bridge No.
under.

Year Built _
Type

Year Replaces Br.
County ADT

Problem leading to this physical inspection rating:

Data for Basis of Report (Check all that apply)

[ Bridge Inventory File
[J Previous Bridge Rating and Load Posting Report
[0 Bridge Plans
[ New [ overlay
O Repai
[ other Dead Load Modifications
[J Bridge Inspected by
O Damaged Component

[J Deteriorated Component

NBI Condition Ratings
Deck
Superstructure
Substructure
ADTT _

Types of Analysis:
Manual O Ccomputer* O sars

[0 virtis, v.

Describe bridge; Spans, lengths, widths, depths, deck, wearing course, etc.

Describe Bridge Condition:

Method of Rating (Check appropriate box)
[ Load Factor (LF)

Allowable Stress (AS)

Load & Resistance Factor (LRFR)

Load Testing

No Rating Ce performed

[] Assigned Load Ratings | Design Load

Design Method

Summary of Rating and Load Posting Analysis

Other Remarks:

Required ]

Loud posting Not Required [

Sign TONS

- Inventory
R12-1A [] |

R125a [] |oaaes

R12:5 [J

Bridge Rating
Operating

Hs[J
RO, ——

R12:X11 [ 45

Engineer under the laws of the State of Minnesota.
Signature:

T hereby certify that this report was prepared by me or under my direct supervision and that 1 am a duly Licensed Professional

Date:

(Typed or Printed) Name:
(Typed or Printed) Employed by (CJAgency/CIFirm):

My signature below indicates that I have read and fully agreed with the load rating report.

(Signature)

Bridge Load Ratings

Program I 's Signature:

__ License No.

Bridge Sketch
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Questions?

Rating Unit List
Yihong Gao at 651-366-4492
Moises Dimaculangan at 651-366-4522
Jim Pierce at 651-366-4555

Bridge Load Ratings
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Steel Girders

Nick Haltvick
Jessica Wahl Duncan
Bridge Design Engineers




Presentation Navigation

e Introduction, Design ¢ Deck Placement
Aids, References, Sequences

Misc. Software Issues
» Design Topics Drafting & Detailing

* Fabrication Review Submittals
e Constructability

2 LRFD Section 6 - Steel Structures




\X/hy use Steel Girders?

* In MN, the preference Is concrete due to the
narsh environment.

However, steel can be a more economical
solution when:

— Need shallower or lighter beams

— Very long spans

— Curved alignment

— Specialty structures (i.e. Lafayette Bridge)

 NSBA Selecting the Right Bridge Type

3 LRFD Section 6 - Steel Structures




\X/hy use Steel Girders?

e Limited right-of-way available
e Tight geometric constraints
. design

- T Ay TR i ¢ [ S
i FE A T T L,
. ik ! i P s

LRFD Section 6 - Steel Structures




Desigh Requirements & Aids

« AASHTO & MnDOT LRFD Bridge Design Manual

« AASHTO/NSBA Steel Bridge Collaboration
Documents (

e NHI Courses

5 LRFD Section 6 - Steel Structures




Desigh Requirements & Aids

 With the MnDOT Project Manager, please

coordinate any deviations from the AASHTO or

MnDOT Bridge Design Manual prior to
Implementation.

LRFD Section 6 - Steel Structures




Designh — General Procedure

« Common Misconception (aka “Rules of Thumb™)
— Lightest Girder = Cheapest Girder

e Reality (Currently)
— Least Labor = Least Cost
— Use simple custom details

7 LRFD Section 6 - Steel Structures




Designh — General Procedure

e Select baseline
element sizes based
on final condition

e Modular ratio

— Non-composite Dead
Load = n

— Live Load = n

— Composite Dead Load
=3n

LRFD Section 6 - Steel Structures




Designh — General Procedure

e Consider constructability requirements
— Erection of girders
— Stability
— Deck placement sequence

e Only increase from baseline plate sizes

LRFD Section 6 - Steel Structures




Design — Plate Sizing

e Span Lengths &
Arrangements

* Global Need of Large
Projects

e MnDOT LRFD 6.5

10 LRFD Section 6 - Steel Structures
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CHANGE IN SLIDE ORDER

Design — Plate Sizing

ELEMENT STRAIGHT CURVED

n = 150 w/o long. stiff.
n = 300 w/ long. stiff.

Uniform Depth

Min. 2” thick

LRFD Section 6 - Steel Structures
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Design — Plate Sizing

ELEMENT STRAIGHT

CHANGE IN TEXT

CURVED

FLANGES

Min. 34” x 14”

LRFD Section 6 - Steel Structures




Design — Flange Sizing

e Max of three thickness changes per field section

e Constant top flange width within field sections
—Bottom flange width over entire length of bridge

* Welded Shop Splices

—Reduce by < % of the area of the thicker plate

—Many pieces cut from sir]gle wide plate
I ITITT
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Design — Plate Sizing

e Consider Fabrication Methods

_—_
— Single Piece Splice

)

— Slab Welding (Multiple Pieces)

14 LRFD Section 6 - Steel Structures




Design — Structural Steel

« MnDOT LRFD 6.1
 Weathering Steel
e Spec

— 3309 = Grade 50W

— 3316 = HPS Grade 50W
— 3317 = HPS Grade 70W

« Toughness requirement for Zone 3

15 LRFD Section 6 - Steel Structures




Desigh — High Performance Steel (Hps)

« MnDOT Spec 3317 (HPS 70W)

e Can be economical when used as:
— Bottom flange in positive moment regions
— Both flanges In negative moment regions

e Cost of material
— Comparable by weight for thickness < 2”
— Limited plate lengths available (50° to 55”)

e Before use, check with
— MnDOT Project Manager
— NSBA or Fabricators
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Design — High Performance Steel

 Goal = Logical use of 70 ksi steel
— Why:
e Fabrication requirements
 Availability
e Cost
« Minimize number of plate thickness

« Consider transition at field splices

— Metallurgical issues
— CJP welds limited
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Design — Fracture Critical

 Non-redundant structures only
e Limits

— Fabricators certified

— Available shifts due to inspector

e |ncreases cost

e Specify on unique structures?

— Not preferred!

— Belief = Stricter material testing results in an “elite
material™

— Reality = Elite material is HPS

18 LRFD Section 6 - Steel Structures




Design — Area ‘A’

e Composite design for full length of bridge.
e MnDOT LRFD 6.2
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CHANGE IN TABLE TEXT

Design — Diaphragms

Straight & Slightly Curved | Complex & Curved

« MnDOT LRFD 6.2 e MnDOT LRFD 6.6

e Secondary Members e Primary load members
o Detalil B407 e Detail B408 or B402

e Unbraced compression e Lateral flange bending
flange and structure stiffness

MAX SPACING

(+M) = 25° to 30’ Radius/10
Lesser of:
(-M) = 15’ to 20’ 25’ (MnDOT)
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Design — Diaphragms

Continuous Framing Arrangement
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Design — Diaphragms

Discontinuous Framing Arrangement
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CHANGE IN SLIDE ORDER

Design — Diaphragms

Not skewed over piers with 6 > 20°
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CHANGE IN SLIDE TEXT & IMAGE

Design — Diaphragms

e Detail to accommodate cross-slope
 Connections
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Design — Diaphragms

e Welded connections - All around welds
 Bolted connections - Gusset to Stiffener

TYP,

NEUTRAL
AXIS OF
ANGLES

LRFD Section 6 - Steel Structures

DIAPHRAGM
CONNECTION
STIFFENER




Design — Diaphragms

MIN 2'-0"

~FLANGE

RN

-

FIELD DIAPHRAGM —™
SPLICE
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Design — Dead Loads

o Steel Weight Estimates
— 15% for Prelim. Design Only (MnDOT LRFD 6.3)
e Estimates “all”” accessories
— 1.5% for Quantities Only (MnDOT LRFD 6.2)
e Beam only => To account for welds & bolts
— 2% to 5% for Rating Only
« Welds, splices, bolts, connection plates, etc...
— Components (MnDOT LRFD 6.2)
— Distribution
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Design — Live Loads

e MNDOT LRFD 4.2.2.1
— Skew effects distribution of live load

— MnDOT deviates from AASHTO 4.6.2.2.2e
Do not reduce Moment

— MnDOT adheres to AASHTO 4.6.2.2.3c
 Magnify Shears and Reactions
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Design — Live Loads

« Memo To Designers 2005-01

— For continuous spans
— Deviation for moment from AASHTO 3.6.1.3.1

— Increase HL-93 double truck effect from when
longest span:

e L. < 100ft See AASHTO (90%)

span

e 100ft < L., < 200ft [90 + (Lgpan — 100) x 0.2]%

span =

e 200ft <L 110%

span

— Applies to Moment and Reaction
— Purpose - Ensures load ratings are acceptable
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Design — Load Modifiers

« Load Modifiers (n)
— MnDOT LRFD Table 3.2.1
— Multiple criteria
— Applies to entire superstructure design

=13 ,




Design — Analysis

 What level is needed?
— Straight
— Skews
— Curves
— Bifurcations or Splays

 Downstream Consequences?
— Line (aka Special) vs. Full Assembly
— Differential Deflections
— Erection Issues
— Rating Issues
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Design — Analysis

e MNnDOT & AASHTO Bridge Design Manual

 Methods of Analysis

— NCHRP 12-79

— Line Girder

— 2D
 Grillage
e Plate & Eccentric Beam
e V-Load (Gut-Check)

— 3D Finite Element Analysis

32 LRFD Section 6 - Steel Structures




Design — Analysis

* Neglect of Curvature

e AASHTO 4.6.1.2.4

M Eccentricity of segment between nodes < 2.5% of
segment length

I Concentric girders

1 Skews from radial < 10°

M Similar girder stiffnesses
Arc Length

: — < 0.06 radians
Girder Radius
» See AASTHO for arc length definition
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Fabrication

« Common Misconception (aka “Rules of Thumb™)
— Lightest Girder = Cheapest Girder

e Reality (Currently)
— Least Labor = Least Cost
— Use simple details
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Fabrication — Camber

e MNDOT LRFD 6.3.4
— Match profile grade
— Offset dead load deflections
e Residual Camber
— For architectural reasons
— Straight Girders
— Curved Girders - no longer required
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Fabrication — Assembly

Line Assembly (2471.3J1)

aka ““Special” Assembly
Oversized bolt holes

Detail diaphragms for
cross-slope

A

LRFD Section 6 - Steel Structures

Full Assembly (2471.3J2)

e Standard bolt holes

e Girders drilled in “No-
Load Condition”

Limit area required when
possible

Beam rollover




Fabrication - Assemb!

FULL ASSEMBLY AT BEAMS B1, B2, B13, B14, & B15 — B46 WILL
BE REQUIRED PER SPEC. 2471.3J2.

LINE (*SPECIAL") ASSEMBLY WILL BE REQUIRED FOR ALL OF
THE BEAM SPLICES.

LRFD Section 6 - Steel Structures




CHANGE IN SLIDE ORDER

Constructability

e Construction Assumptions
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CHANGE IN TEXT

Constructability

ELEMENT STRAIGHT CURVED

CHORD
LENGTH

CHORD Aft <M<
MIDORDINATE n/a 6ft =M

FLANGE v o — L
WIDTH bre = L/85 bre + (2"t 3") > L/

SHIPPING
HEIGHT

L < 145ft L < 100ft | L < 145ft

< 13°-6”
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Constructability

Stool Heights Shear Connectors

e Min. Stool = 1.5” e 27 above deck bottom
 3” below top of deck
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Constructability
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Constructability

e Temporary Tie-Downs
— Uplift at abutments
— Global stability
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Constructability

e Shoring Towers locations must be shown on
GP&E plan sheets for MNnDOT Projects
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Constructability

LRFD Section 6 - Steel Structures




Constructability

e Shoring Towers required for:
— Stability

e Unless contractor’s methods/calculations can
prove otherwise

e Minimizes locked-in stresses
— Geometry Control
* Ensures the quality of the final product
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Constructability — Loads

e Dead loads e Other Transient Loads
— Formwork — Wind

— Wet Concrete — Water
— Hardened Concrete —Seismie <= Not in MN!

e Live loads e Locked-In Stresses
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CHANGE IN SLIDE TEXT

Deck Placement Sequence

e MnDOT LRFD 9.2.1
e Goal = Minimize deck cracking

e Prescribe when:
— Decks wider‘than 90ft
— Continuous spans exceeding 150ft
— Placement rate less than 0.6 spans per hour
e Assume 70 yd:/hr
— Framing plans are complex
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Deck Placement Sequence

 Dependent on length of spans
— 150ft to 200ft Spans
— Greater than 200ft
— Unique Span Arrangement / Framing

e 72 hour waiting period between adjacent
positive moment pours

e Min. Pour Rate
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Deck Placement Sequence

e Positive Moments First
 End Spans & Short Positive Moment
 Negative Moments

7 11‘
” n8H9 10‘
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Deck Placement Sequence

« Beam Stresses
Deck Stresses
Uplift
Deflection
Camber
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Software

Consider the geometry:
Straight beam lines
Concentric/non-concentric beam lines
Large internal angles

Changes In curvature mid-span
Skewed abutments
Bifurcation or splayed layout
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Software

e Loads
— Steel dead loads
— Formwork and construction loads
— Live load application

Deck placement sequences

Direction of global axis
Fixity of beams and bearings

User-defined commands
— I.e. MDX includes “MnDOT Exceptions”

LRFD Section 6 - Steel Structures




Detailing & Drafting

e Clear and concise details

 Dimension labels

 Significant figures

e Standard notes (MNnDOT LRFD Appendix 2)

— Assembly type

— Standard vs. Oversized bolt holes
— Well defined

— Plan sheet location

STRUCTURAL STEEL NOTES
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Detailing & Drafting

e Sole Plate
— Include In girder quantities

e Galvanized Type Ill Weathering Steel Bolts
— Field Painted Bridges

 Weld Symbols

e Temperature
— Include on plan sheets
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Reviews — Please tnclude

* Plan Sheets
— Framing Plan
— Cross-sections
— Structural Steel Details
 Beams
e Diaphragms
» Splices
o Camber
— Pour Sequence (when applicable)
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Reviews — Please tnclude

e Design Calculations
— Code References!
— Software Runs (digital is best)
— Load assumptions and computations

— Description of methodology for determining element
sizes

— Other assumptions
— Tabulated results of iterations effecting design
— Notes related to incomplete portion of the design
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Questions

Thank you for
your participation!
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MnDOT Bridge Office LRFD Workshop - June 12, 2012

Preliminary Bridge Design
Topics

Keith Molnau
Preliminary Bridge Plans Engineer




Preliminary Bridge Designh Topics

Preliminary Bridge Plans - Overview
Context Sensitive Design Approach

Bridge Standards and 13 Critical Design
Elements

Case Study/Featured Projects
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TOTAL LENGTH LCNGTH OF SPAN AT PIERS ABOVE HIGH WATER
Firth of Forth Bridge 8206 't 1700 I't 88 It
Brooklyn Bridge 3455 1595 ¢ 78 ¢ 119 ft.
Strait of Canso Bridge — 4370 ¢ 1800 90 * 150 “

Depth of water in mid-channel at Canso is 270 feet,
Estimated cost, $5,000,000.




Type /Size — Bridge Type Inventory

Culverts

3 Sided Boxes

Slab spans

Inverted T (PCSSS)

PCB - new long span shapes

Steel Beam

Concrete Box

Post-tensioned Concrete Box

Precast Tub (would like to have)
Arches - (including new free-standing)
Trusses - lots of inventory, rehabilitation opportunities
Extradosed !

Cable Stay/Suspension ?
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Small Type bridges... from 10" to 45°
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A new small bridge/culvert: Upsula, MN
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TYPE/SIZE/Materials - 200" span range

Structural System
Slab
Beam
Box Girder
Others

Materials
— Timber
— Concrete
— Steel

Preliminary Bridge Plan Topics




Granite City Bridge — 345" main span
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Context Sensitive Design Approach

“’}Tﬁhmﬁw = =" (T

Context | Sensitive Solutions

¥

Home
OvaRiaE Context Sensitive Solutions

Benefits

Context sensitive solutions (C55) is a collaborative, interdisciplinary approach that
CS55 Toolbox involves all stakeholders in providing a transportation facility that fits its setting. It is an

approach that leads to preserving and enhancing scenic, aesthetic, historic, community,
Workshops & Forums and environmental resources, while improving or maintaining safety, mobility, and
Research infrastructure conditions.

Contacts MnDOT's CSS E-Learning Program

MnDOT offers an interactive hour-long online learning module about CS5. A full session
takes 60 to 80 minutes to complete and includes:

= What CSS is and isn't

= Why integration of CS5 is important as a business model

- What approaches and principles need to be integrated

= What agency and customer benefits can be expected

= What principles are most important for attaining specific benefits

- How CSS can be integrated into your daily work

= Options for how you can measure CS5 effectiveness

= A stop in each MnDOT district to learn about an award-winning CSS case study

View MnDOT's CSS E-Learning Program

For CSS questions and assistance contact:
Scott Bradley, FASLA

Director of Context Sensitive Solutions

Minnesota Dept of Transportation
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Stakeholder Input Needed

Early project planning, discussion of needs
Interagency Coordination

BRT - Stations/Met Council

Cities, counties, DNR, SHPO, job specific

All projects will have some type of visual
Impact - and a result visual quality

But before we get to visual quality, there are
other project drivers....

ESO

e Context Sensitive Project Drivers include: (p
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Bridge Hydraulics

Bridge Size/Low Steel =
Hydraulic Letter

Keep piers out of water
where possible

Consider Scour
Requirements

New Riprap Detalls coming
Matrix Riprap -

now there’s context
sensitive!
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Riprap

« Standard Riprap
— Use Standard Plan 5-397.309

e Matrix Riprap
— Previously known as “Partially Grouted Riprap”

— May be specified on upcoming projects where
vandalism is a concern or where local stone sources
are of poor quality.

— Special Provision should be obtained from Bridge
Hydraulics Unit

e 15% - 40% of voids filled with a special grout mix
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Keep Bridge Hydraulics Informed

 Note any design changes from Preliminary
Design to Final Design
— Pier Size
— Pier Shape
— Substructure Orientation
« Deck Drains (especially on rehabs)
e Scour Code on Survey Sheet

e Conflicts with utilities (wet utilities) - refer to
new Provisions 2.4.1.6.2 Buried Utilities

(MnDOT LRFD Bridge Design Manual)
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Early Communications with RR

« Definitely need early communications with RR
to keep project on track

MnDOT utilizes a ““single contact approach”, ie
meeting will be set up with Office of Railway
and Freight so to allow building relationships
and trust with the RR

Meeting often result in “negotiations™, based
on project needs and consideration of Railroad
“Design Guides”

Must satisfy AREMA and consider any add’l
needs
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Coast Guard Requirements

e Preliminary Bridge Plans Unit responsible for
obtaining Coast Guard Permits

 Maintains Coast Guard Files - Centralized
Coordination to provide single Contact for Coast
Guard Permits; ie keeps BMT directly involved

1) Establish Project Specific Criteria -
Normal Pool (1912 datum & Nav88)
2% Flowline (1912 datum, Nav88

2) Low Steel Requirements
3) Channel Opening Requirements, Pier Locations

4) Vessel Impact Studies are project specific and are often
completed as 15t step in Final Design Phase

%
ph

Q
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Navigation Span Requirements —

- 1 4
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Foundation Requirements

: s v ‘."‘.'"-._-
> -.-_‘“M -

ONCE SUBSTRUCTURES ARE LOCATED, DRAFT PRELIMINARY BRIDGE PLAN
ARE SUMBITTED TO MNDOT FOUNDATIONS UNIT FOR RECOMMENDATIONS.

Apply lessons learned: Are there any Artesian Conditions ?
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Other Foundations Considerations

Limits of Rock Profile iIf encountered

Very Poor Soils may require soll
Improvements

Pile supported embankments may
Interface with bridge and/or may reduce
bridge length

MSE Wall Considerations - interface with
abutments

Global Stability Considerations
Consolidation / Down Drag
Sheet Pile Requirements

Soil/Structure Interaction where needed
such as Group/Lpile Analysis
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Stage Construction considerations...
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Consider ABC - I-80 Echo Jct. Utah
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Expansion Joints Considerations

Expansion Joint Size should be considered In
preliminary design process

Use integral or semi-integral abutments where
possible

Strive to minimize joints for future
maintenance, start with Type 4 joints, consider
type 5 for large skews

Modular required for long span bridges - pier
placement, end span location consideration

Include In Preliminary Plans Cost Estimate

O 2
m [¢)
g 2
" : : 3 £
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St. Croix River Crossing — 480" spans
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Signature Bridge /Signature Location

\ This photo simulation is basedon design

information available August 2011 .m‘h does not
w-:ly represent the final appearange of the new tjver crossing.
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Conduct comparative cost studies...

Straight alignments
preferred

Minimize skew
Keep it simple !

MnDOT Bridge Office
Leads Bridge Type
Selection '

Complete Prelim Plans
1 year prior to Ietting.
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Prelim Bridge Plans Check List

Preliminary Bridge Plans Checklist is available upon
request.

Consultants performing preliminary bridge plan
design services expected to comply with checklist.

Microstation/Cadd Drafting Standards apply

Get input from Bridge Architectural Specialist for
visual quality/aesthetic concepts

Early communication preferred prior to submitting
100% complete prelim plans, or risk substantial
rework
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Design Flexibility — RDM sect 2-1.01

Design Flexibility has become a Department wide
Initiative....

e “MnDOT’s obligation to reflect societal values
In Its work necessitates a flexible approach to
road design that supports balance among
safety, mobility, economy, design consistency,
community, environmental concerns, and
aesthetics.”
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Bridge Standards — Revisited

e Design Flexibility /7 Performance Based Design
Department wide Flexible Design Initiatives:

Benefits of flexible design allow greater
sensitivity to the design needs of the local
community and surrounding environment,
Increase safety system-wide by considering return
on investment, and provide opportunity to stretch
the limited dollars to more miles of highway.

Performance Based Design....stay tuned
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13 Critical Design Elements

1) Design Speed

2) Stopping Sight Distance : (LRFD Manual to be updated)
3) Grades

4) Horizontal Alignment

5) Vertical Alignment

6) Cross Slopes

7) Superelevation

8) Lane Width < (review In progress)
9) Shoulder Width < (review In progress)
10) Structural Capacity on Bridges

11) Bridge Widths < (review In progress)
12) Vertical Clearance < Tech Memo - 11-16-B-07

13) Horizontal Clearance to Obstruction €< RDM (12-01)
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Vertical Clearance Tech Memo

MnDOT Standard V.C.for Trunk Highway
Bridges were reviewed with respect to:

AASHTO Standard = 16.0’
Construction tolerances
Standards of neighboring states

Extra clearance requirements along special
corridor routes

29 Preliminary Bridge Plan Topics




_a -a . -a a
State Vertical Clearance Standard After Pavement State-Aid Routes/Local
For New Bridges Reconstruction under
Existing Bridge
Minnesota | 16’-4" 16’-0" 14’-6" (State Aid/Local)
North 16'-6"
Dakota
South 17'-0" 16'-4" 14’-4” low volume
Dakota
lowa 16.5 15’-0" low volume
Wisconsin | 16’-9" Desirable 16'-0" 15’-3" low volume
16°-4" Min.
lllinois 16'-9" 16’-0" reconstruction 16’-6" rural new
construction
Missouri 16’-6" Interstates/Arterials 14’-‘6" other streets/local

16’-6" State Routes>1700vpd
15’-6" State Routes<1700vpd

Rds




Vertical Clearance Tech Memo

Guidelines
Table 2.1.3.1 - Vertical Clearances for Underpass type bridges in the MnDOT LRFD Bridge Design
Manual in Section 2.1.3 shall be superseded by the following table:

Minimum Vertical
Minimum Vertical Clearance
Structure Type Clearance for New | Under Existing Bridges
Bridges 2 (for Pavement re-
construction projects)3

Trunk Highway Under Roadway or
Railroad Bridge (Super Load 16" -6" 16" -6"
OSOW Corridors) *

Trunk Highway Under Roadway or
Railroad Bridge

Trunk Hi?h\.n.r'::'q.r Under Pedestrian
Bridge

Trunk Highway Under Sign Bridge * 17 -4 17" -0
Railroad Under Trunk Highway
Bridge

Portal Clearances on Truss or Arch 20 -4

16" = 4" 16'= 0"

17 = 4’ 17' =0

23’ -0 NA

Table 2.1.3.1 Vertical Clearance for Underpasses
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Vertical Clearance Tech Memo

Future bituminous overlays ranging from 3” to 6
Future 9” to 12” unbonded concrete overlays

Consider other bridges along the corridor so that new
structures are not set as the new lowest structure along

a corridor
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Vertical Clearance Tech Memo

« Alternative route availability (check with the
Oversize/Overweight Permits Section, for designated
and protected alternate routes, including
oversized/overweight (OFCVO) loads.

House moving routes (specific corridors have been
Identified, check with the Oversize/Overweight Permits
Section).

Clearance requirements for future LRT corridors must
be maintained per statute (398A) and coordinated with
the appropriate agencies.
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Vertical Clearance —non T.H.

* Per Minnesota Rules, Chapter 8820, Local State-Aid
Route Standards, the minimum vertical clearance for
highway underpasses (including construction tolerance)
Is 16°-4" for rural-suburban designs and 14°-6" for
urban designs.

For trunk highways crossing local roads or streets at a
freeway interchange, the minimum vertical clearance
with construction tolerance, is 16°-4"".
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Vertical Clearance Tech Memo

A minimum vertical clearance of 16” - 6” Is required on
designated Super Load OSOW Corridors. Super Load
OSOW Corridors are designed to accommodate an
envelope size of 16” wide; by 16’ high; by 130 long,
traveling along the corridor. Contact the MnDOT Office
of Freight and Commercial Vehicle Operations for
specific corridor locations and requirements.

35 Preliminary Bridge Plan Topics




Bridge Improvement/Preservation

« For Bridge Preservation and Improvement Projects and
Roadway Reconstruction Projects, the vertical
clearance requirements shall remain as specified in the
separate document “Bridge Preservation Improvement
and Replacement Guidelines™.

The required “Vertical Clearances over Waterways”
shall remain as specified in the current MnDOT LRFD

Bridge Design Manual.
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\X’hy do care so much about VC?

Bridge Hits!
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TH 7 EB over 494 \W/B in MTKA

16.5 vert clear

' "’:‘ 07 112011
, P P
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Xerxes Ave over 494
April 13, 2006 — Vertical Clearance: 15.1'to 15.4’
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TH 95 over TH 169

Princeton 16.4' v.c.

6/28/2004
Preliminary Bridge Plan Topics




Kansas Backhoe Hit




Design Exceptions:

e |f we just can’t get 16°-4" of vertical clear...

Over Interstate:

on SOME few and far between Highly congested urban
AREAS that were previously built to lower standards...

Some few and far between interstate access locations...
If we have the above resulting in Right of Way Impacts...

Management of RISK - consider traffic impacts during
repairs - extreme commuter delay result from impact on
an INTERSTATE overpass!

NES
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Stopping Sight Distance

MnDOT Road Design Manual
Chapter 3: Alignment and Superelevation
o Section 3-2.05 Sight Distance on Horizontal Curves

1. The vertical curve/profile plays an integral part (i.e. Seeing
over the barrier)

2. MnDOT LRFD Bridge Design Manual - allows 10ft maximum
Inside shoulder width

MnDOT LRFD Bridge Design Manual
Chapter 2: General Design and Location Features
 Table 2.1.2.1 Shoulder Width Requirements for Curved Bridges

— QOut of date, as it references the 1994 AASHTO Geometric
Design Standards

 In Process of being revised.
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Roundabout Sight Distance

SIGHT TRIANGLE
FOR ENTERING TRAFFIC

MnDOT Road Design Manual
Chapter 12: Design Guidelines for Modern Roundabouts
« Section 12-4.05.01 modifies it to values based on a t_ of 3.5 to 4.5 seconds

NCHRP Report 672

Roundabouts: An Informational Guide
« Sections 6.7.3.2 through 6.7.3.4 and Exhibits 6-58 & 6-59
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Roadside Design Guide

New 2011 AASHTO Roadside Design Gmde just
released

ROADSIDE
1) Remove Obstacle "ﬁ v
2) Redesign obstacle so can be safely traversed Ny
3) Relocate obstacle where less likely to be struck | . 8
4) Reduce impact severity by using appropriate break away devices

5) Shield obstacle with longitudinal traffic barrier designed for
redirection or use as crash cushion

6) Delineate the obstacle ....

Suggested Clear Zone Table 3-1 unchanged
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Preferred Undercrossing Geometrics

Table 3-1 - Note a)

“When a site specific investigation indicates a
higher probability of continued crashes....
Designer may provide clear zones greater than
the clear zone shown In table 3-1. Clear zones
may be limited to 30’ for practicality and to
provide a consistent roadway template If
previous experience with similar projects or
designs Indicates satisfactory performance.”
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Preferred Undercrossing (no side piers]

CLEAR ZONE CLEAR ZONE

2 My, VAR, VAR, '

: -
I
|
I

040

I-— ¢ ROWY.

UNDERCROSSING GEOMETRICS PREFERRED UNDERCROSSING
WHERE SIDE PIERS CAMNOT BE ELIMINATED - (NO SIDE PIERSY

SECTION
UNDER STRUCTURE (ALTERNATE A}

« MNDOT BRIDGE LRFD NOTE:

cc 14" AND &' DIMENSIONS PROVIDE A 30
MANUAL - “Preferred CLEAR ZONE WITH A 10' SHOULDER.

1 1 _ MODIFY FOR DIFFERENT SHOULDER
_Unggrcrc_)ssnrg ReqUIred WIDTHS AND CLEAR ZONES.
Ie 30 min clear zone

? IN LIEU OF THE 1:10 AND 1:& SLOPES

unless approved by THE .04'/' SLOPE MAY BE EXTENDED
Prellmlnary Brldge Plans TO THE 1:2 SLOPE (SAME AS OTHER

SIDE).
Engineer
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Design Exceptions

Vertical Clearance
Stopping Site Distance (especially inside shoulder on curve)

Shoulder Widths
— 4’ minimum shy distance
— Drainage Requirements
» Water on shoulders vs. High Maintenance Bridge Drainage System
» As new studies evolve, we will consider and be flexible where it makes sense

« FHWA : recent input is 6’ shoulders give wrong impression as they look large
enough for pulling over, but the limited space does not provide adequate refuge
from traffic - too small.

Current LRFD Does Still Apply
Design Exceptions vs. Design Variances considered, but on hold.

For general information on Design Exceptions, refer to
http://www.dot.state.mn.us/design/geometric/formal-design.htmi
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Project Challenges:

Eagles nest in the vicinity impacts the duration of construction season (total 75 days)
and possibly include two construction seasons.

The project needs to be built in stages and maintain traffic with 3 lanes open to
traffic.

Superelevated curved alignment (5.7 % existing) with roadway on curvature

Design with trail connection under the bridge and potentially along the roadway
extending wing wall (about 80 ft)to maintain 2:1 ground cross slopes

Include boat traffic envelope similar to adjacent Arcade Ave bridge
No roadway grade raise feasible, profile and alignment not available yet

Estimate the cost of bridge to share with external partners for final cost participation
discussion.

Aesthetics play an important role because of the visibility of the bridge from public
areas and the trail underneath.
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DECISIONS MADE

3 long Span Bridge with inverted Tee beams with trail underneath

Complete Bridge to be built in one construction season

Federal funding for innovative Accelerated Bridge Construction

Integral Abutment - height exceeds standards, with Precast sub structure
1. Spilt the deck and modify profiles to reduce the severity of
the cross slope and provide adequate clearance for trail underneath
2. Precast Square concrete piles for pile bent pier for

aesthetic reason and for noise reduction

Boardwalk for trail to reduce the extent of retaining walls and minimize
impact to wetlands

Concrete walkway under bridge with supports at end to accommodate
boardwalk spans
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Precast Element Concepts

SHEET PILE WINGWALL
WITH CONCRETE
FACE & CAP

PRECAST CONCRETE
WALL WITH PILE
SUPPORTS
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Aesthetics Concepts

ARCHITECTURAL
CONCRETE TEXTURE
(COURSE STONE) (TYP.)

WEST
ABUTMENT

CRITTER CROSSING

ARCHITECTURAL
CONCRETE TEXTURE
(COURSE STONE) (TYP.)

WEST
ABUTMENT

CRITTER CROSSING
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Aesthetics Concepts
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Questions
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MnDOT Bridge Office LRFD Workshop - June 12, 2012

Miscellaneous Topics

Kevin Western
St. Croix Crossing Project
Design Manager




Outline

* Pedestrian Truss Bridges

e Pay Items / New Spec Book
e Design Build

 Memos to Designhers

— Plain Elastomeric Pads
— Barrier Slope

— Stainless Steel

— Temporary Barriers
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Outline

e Zone of Intrusion
Adhesive Anchors
Maintenance Issues
Fixity / Bearings

Future AASHTO Items
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Pedestrian Truss Bridges

o “LRFD Guide Specifications for the Design of
Pedestrian Bridges”
— New in 2010
— New special provision (Brian Homan contact)
— Checking procedures for prefab truss

 What changed?

— Loads (not really)
— FC fabrication
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Pay Items / New Spec Book

* New specification will be out later this year
— HOPEFULLY!
— Look for a transition plan with release
— Change to active voice

o Pay Items
— Please include draft list with 60% plans
— Check of quantities is important and required
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Design Build

e Quality process is important
— We should see consistent approach from designers

 Changes from standards
— Additional checking and review may be needed
— Special provisions important
e Encourage ATC innovation
— After selection change is Value Engineering item
 We must see cost savings
e ‘Stretching’ standard is not equal value
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Memos to Designers - PEP

* Plain Elastomeric Pads
— ‘Bulging’ of pads
— Problems on several projects around the state
e Mainly recent projects
— AASHTO study is underway

e Possible Causes
— Fab process
— Materials
— Stay tuned!
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Memos to Designers - PEP

e Short term solution
— Cotton Duck Pad
— Has been used on RR structures
— Great compressive capacity
— Limited lateral movement

e Other option
— Reinforced elastomeric pad
* One %2 inch thick internal pad
— Can still use PEP at integral abutments
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Memos to Designers — Barrier Slope

* Sloped barrier requirement

— Required on high side of superelevated
bridge 5

— 2% or greater slope LU 5

 Why needed?

— Crash test concern
— Recent experience with vehicle
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Memos to Designers — Stainless Steel

e Stainless steel reinforcement

 Tech Memo on use
— Complex Bridges
— Large cost structures / major projects
— Superstructure including barrier
— Tied with HPC

e Potential desigh manual additions

— Deck design example
— Standard selection table
— Consider non elastic-plastic yield strength
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Memos to Designhers — Temp Barriers

e Discontinuance of B920
— Lack of testing, validation

* Interim policy based on:
— Past practice
— Draft research findings
— Other state policies
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Memos to Designhers — Temp Barriers

Minimum Distance from Edge of Deck to Back (Non-Traffic) Side of Barrier on Bridges and Approach Panels

50 mph or greater or with
significant geometric 40-45 mph 35 mph or less
elements*

Construction Posted Speed
Limit

Anchored 4'-Q0"

Unanchored

* Use more restrictive setback distance where:
— Travel speeds significantly exceed the posted speed limit
— Heavy truck traffic
— Situations warrant increasing the dimensions in the chart
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Memos to Designhers — Temp Barriers

* Anchor requirements:

— Three, 1%” diameter anchor rods on traffic side only
for each barrier segment

— Bridge deck

e 512” minimum embedment and 6” maximum
embedment

e Maximum hole depth: 1% inches less than the
slab depth

— Approach panels with top and bottom reinforcement
e 5%2” minimum embedment

« Approach panels with no reinforcement or only a
bottom mat of reinforcement 9” minimum
embedment
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Memos to Designhers — Temp Barriers

e Anchors (cont):
— Use only where concrete is in good condition

— Through-deck anchoring may be utilized on existing
bridge decks in poor condition.

— Ultimate (nominal) strength of 14 kips
— Proof tested to 7 Kips

— Include special provision for additional testing
requirements

— Minimum deployment length and anchorage
requirements past the end of the bridge determined
by the roadway designer and shown in the traffic
control plans
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Zone of Intrusion

 Why important?

(HOZD |

* Allow safety items only (i.e. lights, signs)
e Limit other items (i.e. pilasters)

* Protect by removing
— Cables
— Other critical structural elements
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Zone of Intrusion

Reproduced from:

“Guidelines for
Attachments to

Bridge Rails and
Median Barriers”

Midwest Roadside
Safety Facility
February 26, 2003
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Adhesive Anchors

e T-1 Rail Issue

— Short anchors (hitting rebar)
— Inadequate bond
— Not enough capacity

e Retrofitted several T-1 rails

* Process change
— Installer training and certification
— Increased in-field testing
— Key issues noted at inspector training

— In future use only CIP anchorage with T1 rails
— Still utilized on non-traffic rails
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Maintenance Issues- Deck Cracking

4
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Fixity and Bearings

* Increased use of pot and disc bearings
— Utilize AASHTO movement load factor
— Vertical and lateral loads
— List service and strength loads

* Modular joints
— Historically only 20 year service life; want 100 years
— New design and fabrication criteria - early 2000’s
— Fatigue is critical (14.5.6.9.7b)
* Use infinite life for fatigue range

* Average opening: consider creep, potential
movements, 50 years as mid-life
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Fixity and Bearings

* Requirement for two fixed piers
— Stop end of bridge joints from closing/ripping
— Better control of bridge movement
— Increased thermal forces in piers
 Utilize slotted anchor rod holes w/ exp. bearings

e Shear lugs to restrain lateral movement
— Curved and skewed bridges
— Concrete lug (preferred)
— Steel lug allowed
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Fixity and Bearings

Allows some
move ment, but still
provides fixity.

>
>

N
|
Anchor Rods - \ !

Shear lug
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Future AASHTO Items

o Strength IV Load Combination
— Possible change to 1.4 (DL+LL)

——1.25DC +1.75 (LL +IM)
——1.4DC + 1.4 (LL + M)

1.5DC

1.5DC+1.5(LL + M)
0.0 .

0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1.0

LL/(LL + DC)
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Future AASHTO Items

» Refined Analysis Section and Training
— Explain 2D vs. 3D modeling
— Analysis / resistance factor
— NHI training being discussed

 Rewrite of Concrete Section
— Clarify and REDUCE!
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Questions
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