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Project Overview

« 2 Contracts

- Contract 1: 361 ratings/509 bridges.
* 15 month contract
e All NDOT structures

 No culverts
e All LFR
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Project Overview

« 2 Contracts

- Contract 2: 1011 ratings/1143 bridges

e 27 month contract

e Mix of NDOT & local structures
* 60% culverts

 Mix of LFR and LRFR
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Project Overview

e Structure types rated

- Bread and butter
e Girder, Tee Beam, Box Girder, Slab

- Unique

* Truss, arch, flexible culvert, segmental, spliced
girder, curved steel, hybrid

e Software used
— BRASS suite, MDX, SAP2000, CANDE
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Project Administration

« Scoping the work

- NBI data (structure type, widening) used to
scope the effort

- “Widget” approach for hour estimates
—- Scoping Issues

 Variable girder length within span?

e Curved?

e Arch or flexible culvert?
 NBIS mis-coding
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Project Administration

 Data management/collection

- Large data volume to be collected/shared
o As-built plans
 Inspection reports & photos

 Field data
— Culvert fill depth
— Overlay thickness
— Structures with incomplete/missing plans
— Deteriorated structures
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Project Administration

* Delivering the work

- 12 offices plus subconsultant participating
In ratings
- Standardized approach required
o Software
 Electronic file format
* Deliverable format

- Tracking tools to monitor progress and
results
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| Structure Informaion
Truncated Bridde Mumbe paga| DONT TOUCH

Local Marre  RE0HLAS WEGAS B LowrWANDENBERG wingH | A ater e
Cortract 1 a3
Contract & 319
corntract 3
Cortract 4.
cantract 5.
cortract &
Cortract 7
Coumnty:
Route:
District:
filepost: 623221148
Year Constructed:
_ Deck Rating: HJ
Superstructure Rating: HJ
Substructure Rating: |
Cubert Fating i
Channel Rating fi
Vertical Clearance M| Hed
Structure Depth: o-a 5 A ater fnput
Wit h: 95" - f* 05 &
Length: 05 - 1 364" 0514435696
Structure Ty pe: T Span Concrete Culvert] A ater Farfy

2y erlay Elescriptinn arigble fI§ A ater ot

| Est. Rernaining Life 0vrs) 1) Fater inout
Structure Posted? [vesita): Ha
Date of Inspection 12012 008
Inspection Type Routine | Hafer Select




Bridge No: B 589

MBI Type: 114

Complexaty: simple
Rating Budget: g hrs
QC Budget: Jhrs

Sratus INTonmaion

Load Rating Status] Readyto Submit [Rater)

Special Flags| O tncorrect Complaxity

[ &ad or Mizsing Mlans, Photos or Inspection Repart

D Has deck owerlay or sail All and fidd measurements nat awvailable

D Fequires specid rating

Load Rating Comiments

Caschbe why the bad rating Is on hold
and anye special notes regarcing the
foadd rating resuls (wewed Inferna iy
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Load Hating Information
Deck Girders
concrete F'o {psi= HA 000 Fater input
Feinforcing Steel Fy (peiis HA 40,000 Ratar oo
Structural Steel Fy (psiiH HA NA Ratar Inpug
Prestressing Steel F's (psiis H M Ratar fnpug

W ethad of Analy Sis]erass Culvert verson 2.2.8 | Rater Seiacl]

Analysis By J. Stith : Rater it
Checked By P. Banter 3 4E7a010 | Fater nput
Feport By ., stith ; 10900 | Same as A nalssis Bt

YWidenings:| | Rater Input

Analy sis Criteria; |
Rating performed using LFO Rater it

lanalyee d structure under “existing " conditions Sarmple Chtaria Below
Bridge is @ reinforced concrete box (RCEY structure

|f=sumed an “at-rest” pressure o f60 pofmax and 30 pefmin acting on the abutment wallz

lApplied 3 2 ¢ live load surcharge load

F'c=3.000 psi perorginal contract plans

Fy=40 000 p=i per A&5 HT O Manual for Condition Bvaluation of Bridges for intemmediate grade reindd rea ment
Used a max and min ll depth of 2.6 1. & 1.8 t. based on orginal plans

pdodalindudes only 4 czlls

Comments: Sarmie
Cormments
Cormments goded here fiif in the Baiony
conrerts box an the LRR sheet.
Tigicailes Laed onds to note resiits for Fater Inout
Inferior qivciars when a rating was
gowverned by ahextarior gitder and had
rating factors =1.0

Load F{ding Results
Standard Rating kerns E-:-ntn:-mng Girder Action Special Rating kems
INVENTORY RATING: Dack Girders Anakzk Polt  |Crtbal Action Rating ftemd Aotion

RATING FACTOR #r HS20 = ] Ilidp airit Top Slab MHA MHA
OFERATING RATING: T 00 L 141 T 0100 010 0 170
RATING FACTOR fr HS20 hlidp cirit Top Slab M M
RATIMG FACTOR for PS Tulidp airit Top Slab MHA MHA
RATING FACTOR for P2 hidp airit Top Slab MHA MHA
RATING FACTOR for F13 0 0 0 0 0 hdidp irit Top 3lab HA HA




Results Overview

Bridge rating factors
Culvert rating factors

Percent of structures with rating
factors < 1.0

Rating factor by consultant
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Bridge Inventory Rating Factor
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Culvert Inventory Rating Factor
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Technical Challenges

* Bridges
- Railroad car bridges
* No as-built plans
e Unknown steel yield (when built?)

 Damage from prior use

 Complicated load path — which member will
govern?
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Technical Challenges — Rallroad
Car Bridges
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Technical Challenges

* Bridges
- Segmental
e Construction sequence

« Construction equipment
e Contractor changes
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Technical Challenges

 Culverts

- Rigid culverts
» Lateral pressures

« Software limitations
— Variable cover
— Variable haunch configuration
— Variable material properties
— Variable wall/slab thickness
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Technical Challenges
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Technical Challenges

 Culverts

— Flexible culverts

e Structures that rely on soil-
structure interaction for stability
— Pipe (concrete & steel)
— Arch (concrete & steel)

* Typically detailed with a size
and a performance specification
— no knowledge of actual system
Installed
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Technical Challenges

 Culverts

— Flexible culverts

e Assumptions required to perform rating
— Geometry
— Soil properties
— Material properties
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Technical Challenges

 Culverts

— Flexible culverts

e Software limitations
— Used CANDE (Culvert ANalysis and DEsign)
« “Easy” interface elements
» Versatile

— Not a rating tool. Requires extra work to develop
rating factors from results

— Modeling effort significant. Minor changes to model
once started very laborious.
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Technical Challenges

 Culverts

— Flexible culverts

o Software Limitations
— Limited ability to auto generate the mesh
— Time consuming to debug
— Run times up to 10 minutes

— No live load generator. Must move live loads
manually.
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Flexible Culvert - Sample
Vertical Stress Plot

Scale for Vertical Stress (psi)
Defl. Magnif. = 1.00

-0.54617

-7.40024
-14.25430
-21.10837
-27.96244
-34.81651
-41.67058
-48.52465
-25.37872
-62.23279
-69.08686
-75.94093
-82.79501
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Flexible Culvert — Sample
Horizontal Stress Plot

Scale for Honzontal Stress (psi)
Defl. Magnif. = 1.00

_ 4.70648

-0.00159
4.70967
941774
-14.12581
-18.83389
-23.54196
-28.25003
-32.95811
-37.66618
42 37425
47.08232
-51,79040
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Technical Challenges

 General

— Structures without plans

* Field measurements to establish dimensions,
component sizes

« MBE provisions for “no-plans” rating
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Technical Challenges

 General

— Deteriorated structures

 NDOT structures in generally good shape.
— Bent caps under joints
— Overhangs

 Inspection ratings not always a good indicator
of structural problems

— Deterioration often isolated

— Deterioration often does not lead to a capacity
reduction
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Technical Challenges

 General

— Deteriorated structures

* Incorporation of deterioration is difficult,
requires significant judgment
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echnical Challenges
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Technical Challenges
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Technical Challenges

 General

- Low ratings

e Some ratings come in very low on structures
that show no signs of distress

e Skew is a common source of low ratings
— Provide interior girder result

e Culverts can be extremely sensitive to depth of
overburden
— Test sensitivity to soil density

— Check only under travelled way
CH2MHILL




Observations/Recommendations

 The structures generally rated well

 Load raters need to observe
structural deterioration to
Incorporate it properly

* Load rating software can be a
blessing and a curse
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Observations/Recommendations

o Software

- Load rating software is very efficient for
specific conditions

- Variations from specific conditions results
In significant increases Iin labor and
complexity of documentation
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Observations/Recommendations

o Software

- Software “wish-list”
« BRASS incorporate continuous PT box-girders
« BRASS accommodate variations in culvert
section

« CANDE perform rating calculations for flexible
culverts

« CANDE gets increased auto meshing
functionality
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Why Everyone Should Love
Load Ratings

 Exposure to wide variety of
structures and structure types

* Intense exposure to code provisions
for load distribution and capacity

* Glves engineers great perspective on
how structures perform

 Debugging low ratings is fun!
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