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DISCLAIMER
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CHAPTER 1 INTRODUCTION
1.1 PURPOSE

The purpose of thiguidance documeiig to cefinet he Sout h Car ol ina Department

(SCDOT) policies and procedures for load rating and posting of bridges within the State of South
Carolina. Thigguidance documerg intended teestablish procedures for load rating of bridges
provideuniformity in the load rating process aedsure that all bridges are load rated as to their safe load
carrying capacity. Thiguidance documemiresents guidelines and procedures for rating bridges and
outlines the documentation required.

1.2 SCOPE

The reqirements presented in thtgslidance documerstre to be followed by SCDOT bridge staff as well
as by consultants performing work for SCDOT in the load rating and posting of structures.

1.3 DEFINITIONS, ABBRENONS, AND ACRONYMS
1.3.1 Definitions
The following £rms in thigguidance documerstre used as defined below:

Bridgei A structure, including supports, erected over a depression or an obstruction such as water, a
highway, or a railway; having a track or passageway for carrying traffic or other movingdodds;

having an opening measured along the centerline of the roadway of more than 20 feet between
undercopings of abutments or spring lines of arches or extreme ends of openings for multiple boxes. It
may also contain multiple pipes, where the clear disgtdretween openings is less than half of the smaller
contiguous openinginy bridge, which does not meet the NBIS definition, does not need to be inspected
or load rated.

Controlling Componerit The component of a structure with the least live load cagryapacity.

Inventory Level Generally corresponds to the rating at the design level of reliability for new bridges in
the American Association of State Highway and Transportation Officials (AASHTO) Specifications, but
reflects the existing bridge and tedal conditions with regard to deterioration and loss of section.
Inventory Rating Load ratings based on the Inventory Level, which allow comparison with the capacity
for new structures and, therefore, result in a live load that can safely utilize an existing structure for an
indefinite period of time.

Live Load Distribution Factoi The fraction of a rating truck or lane load assumed to be carried by a
structural component. The AASHTO Standard Specifications for Highway Bridges uses wheel lines
whereas the AASHTO LRFD Bridge Design Specifications uses axles.

Load Rating’ Thedetermnation ofthe live load capacity ain existing bridgeising bridge plans and
supplemented by information gathered from a field inspection.

Operating Level Maximum load level to which a structure may be subjected; generally corresponds to
the rating attie Operating Level of reliability in past load rating practice.

Operating Rating Load ratings based on the Operating Level, which generally describe the maximum
permissible live load to which the structure may be subjected. Allowing unlimited numbetsciés to

use the bridge at Operating Level may shorten the life of the bridge.

Rating Factori The ratio of the available capacity in excess of dead load to the live load demand.

Redundant Where multiple load paths exist so that if one element fitnate load paths will allow
the load to be redistributed.

1.3.2 Abbreviations and Acronyms
The abbreviations and acronyms used inghislance documeratre defined in Table 1.3.2.
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Table 1.3.2. Abbreviations and Acronyms

Abbreviation Term
AASHTO AmericanAssociation of State Highway and Transportation Officials
ADT Average Daily Traffic
ADTT Average Daily Truck Traffic
ASCE American Society of Civil Engineers
ASD Allowable Stress Design
ASR Allowable Stress Rating
BDM SCDOTBridge Design Manual
BMO SCDOT Bridge Maintenance Office
EDM SCDOT Engineering Directive Memorandums
EOR Engineer of Record
FCM Fracture Critical Members
FHWA Federal Highway Administratior.S. Department of Transportation
LFD Load Factor Design
LFR Load Factor Rating
LRFD Load and Resistance Factor Design
LRFR Load and Resistance Factor Rating
MBE AASHTO fAManual for Bridge Evaluation
MUTCD SCDOT Supplemental Manual on Uniform Traffic Control Devices
NBI National Bridge Inventory
NBIS National Bridge InspectioStandards
NCHRP National Cooperative Highway Research Program
NHS National Highway System
QA Quality Assurance
QC Quality Control
RFC Plans Released for Construction Plans
SCDOT South Carolina Department of Transportation
SI&A Structure Inventorynd Appraisal
1.4 REFERENCES

The user is encouraged to refer to the following references for additional information when performing a

load rating:

AASHTO Publications

SCDOT Pu

Standard Specifications for Highway Bridges, 17th Edition
AASHTO LRFD Bridge Desigrspecifications, 8th Edition
The Manual for Bridge EvaluatiohatestEdition (MBE)

blications

BDM (2006)

Bridge Design Memorandums

Bridge InspectiorGuidance Document

EDM 117 Procedures for Posting or Changing Weight Limits on Bridges
EDM 181 Bridge Security and Release of Plans

Commented [RP1]:  Once theBIGD is complete and has been
saved on the SCDOT website, provide a hotlink to the documer
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https://www.scdot.org/business/pdf/structural-design/SCDOT_Bridge_Design_Manual.pdf
https://www.scdot.org/business/design-memos.aspx
http://info2.scdot.org/ED/ED/ED-11.pdf
http://info2.scdot.org/ED/ED/ED-18.pdf
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EDM 351 Emergency Procurement of Construction and Consultant Services
EDM 441 Procedures for Removing Closed Bridges from the State System
EDM 681 NHS Bridge Replacement Project Prioritization Process

EDM 707 Load Restricted Bridge Replacement Prioritization Process
Supplementaio theManual on Uniform Traffic Control Devices

FHWA Publications
LoadRating Guidance and Examples for Bolted and Riveted Gusset Plates in Truss Bridges
Manual on UniformTraffic Control Devices
Metrics for the Oversight of the National Bridge InspectiorgRrm (D17)
Recommended Framework for a Bridge Inspection QC/QA Program

Other
American Institute of Steel Construction (AISC), 1990, Iron and Steel Beams 1873 to 1952
NCHRP Report 725, Guidelines for Analysis Methods and Construction Engineering of
Curved and Skewed Steel Girder Bridges
NCHRP Report 406, Redundancy in Highway Bridge Superstructures
NCHRP Report 458, Redundancy in Highway Bridge Substructures
23 CFR 650 Subpart C, National Bridge Inspection Standards

1.5 COORDINATION

Users should direct questions concerning the applicability or requitsrokthe referenced documents to
the State Bridge Maintenance Engineer or designated representative

1.6 REVISIONS

Revisions may be the result of changes in SCDOT specifications, FHWA requirements, or AASHTO
requirements.

Users are invited to send suggestifor revisions to thiguidance documeno theState Bridge
Maintenance Engineer or designated representaBuggestions need to be written with identification of
the problem, the recommended revision, and the reason for the recommendation.

SCDOT wil consider suggestions submitted and changes determined to be acceptable shall be submitted
to FHWA for review and approval. proved policy and editorial revisiotws this guidance documewill
be indicated with a line in the margin of the applicablgepa
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http://info2.scdot.org/ED/ED/ED-35.pdf
http://info2.scdot.org/ED/ED/ED-44.pdf
http://info2.scdot.org/ED/ED/ED-68.pdf
http://info2.scdot.org/ED/ED/ED-70.pdf
https://www.scdot.org/business/pdf/permits-supplement_mutcd.pdf
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/PB2009110465.xhtml
https://mutcd.fhwa.dot.gov/kno_2009r1r2.htm
https://www.fhwa.dot.gov/bridge/nbip/metrics.pdf
https://www.fhwa.dot.gov/bridge/nbis/nbisframework.cfm
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_725.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_725.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_406.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_458-a.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2011-title23-vol1/pdf/CFR-2011-title23-vol1-part650-subpartC.pdf
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CHAPTER 2 RESULTS OF PARAMETRI  C STUDY

2.1 PURPOSBF PARAMETRIC STUDY

A parametric stugwas performed for the SCDCBridge Maintenance Officéo examine the maximum
moments and shears occurring at specific points of interests of a variety of bridge span configur@dtions
from a suiteof vehicles includingspecial hauling vehicles, a South Carolina representative school bus,
annual Permit LoadsSCDOT Special Permit Loads and AASHT@gal andSCDOT modified Legal
Vehicles all in comparison to AASHTQRFD HL-93 Design LoadingsTheprimarypurpose of the study

was to summarize which trucks need to be used for load rating of South Carolina ioridgsr to be
compliant with Federal Highway Administration, Department of Transportation (FHWA) 23CFR 650.307
c.(2) Load Ratingnd 23 CFR 650.313 (g) Quality Control and Quality AssuraAoether purpose of the
study was to compare rating resultdte# vehicles tohe normalized HE93 Design Loadings.

2.2 ANALYSIS PARAMETERS
The following sections summarize the parameters used to evaluate the live load antysispect to

Legal and Permit study vehiclemsmpared to the LRFR HB3 Design Truck + LaneHL-93 Design
Tandem + Lane and the FB3 Truck Train + Langand the LFR HS0 Design Truck.

2.2.1 Live Load

Live loads were identified from various sources including AASHTO, South Carolina StatuteBermit
Trucks from adjacent statefn order to bracketmaximum load scenarios, various truck configurations
were included in the parametric study

DesignLoadingsused for the evaluation included the following:

1 HL-93 Truckwith the Design Lan€64 kips/ft.)- LRFR

1 HL-93 Design Tandemwith the Design Lané64 kips/ft.)- LRFR

1 HL-93 Truck Train 90%) with90% of Design Lané&576 kips/ft.)- LRFR
1 HS-20DesignTruck- LFR

HS-15 and HS25 DesignTrucks were not included in the study since they aeégttt ratios from and
have the same axle spacirggsthe HS20 Design Tuck

Legal Trucks wused for evaluation in the study
South Carolina Legal Trucks)

AASHTO Type 3(Modified to encompass SC State Statute requirements)
AASHTO Type 3S2Modified to encompass SC State Statute requirements)
AASHTO Type 33

2-0.75 AASHTO Type 38 + .2klf Lane

SCSHV1A (65k)

SC-SHV1B (70k)

SC-SHV2A (66k)

SC-SHV2B (80k)

SC-SHV3A (85k)

SC-SHV3B (90k)

SC School Bus

SCGSU2 (40k)

SHV-SU4 (Special Hauling Vehicle)

SHV-SU5 (Special Hauling Vehicle)

SHV-SU6 (Special Hauling Vehicle)

E R I e I I I I I I B B ]
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1 SHV-SU7 (Special Hauling Vehicle)

Note that the EV2 (Emergency Vehié¢lé7.5k) and EV3 (Emergency Vehidle86Kk) trucks were not
included in the study because they must always be ramating analysis.

South Carolina standard Permitting Vehickereincluded in theevaluation of potentidbad rating

vehicles. Statutes of South Carolina Permit Vehiatewell as the database history for trucks permitted

within the statevere reseahed for common truck configurations to evaluate irstinely. The study

APermito Trucks envelope SC State Sta6,anmd@sle and neighboring sta
fiGeneral o Permit Trucks not only edghtsgrampddbg s t he maxi mum all owab
permit and South Carolina Code of Law, but also encompass regulations of Permit Trucks found in

Georgia and North CarolinalThe 100k and 120k Permit Trucks are conservative for South Carolina and

also allow safety for across the bordewtl from Georgia and North Carolina. The following Permit

Trucks were used in the study:

1 SC100k Permit (5 axles)

1 SC120k Permit (6 axles)

1 SC130k (7 axles)

1 SC Crane #544726 (160k)
1 SC Crane #527568 (177.7Kk)

2.2.2 Structure Types

The structures investigated were assumed to be typical bridges with uniform stiffness and with girder
spacings and span lengths within the range of application for the distribution factors of the AASHTO
Standard Specifications for Highway Bridges (LFD) #mel AASHTO LRFD Bridge Design
Specifications (LRFD). Span lengths utilized ranged from 10 td@&Qwith span increments offéet

for span lengths between 10 toféet and span increments of fe@t for span lengths from 70 to 200

feet.

Simple spantwo-span continuous and thrgpan continuous structures were considered. For the two
span continuous structures, the span arrangement consisted of equal span lengths. Feslag three
continuous structures, the interior span had a span lengthHe3ength of the end spans.

2.2.3 Force Effects

The critical live load force effects of interest (moment and shear) were:
1 Forsimple spanstructures:
o Positive moment at midspan
o Positive end shear
1 For twospan continuous structures
o Positive moment at 0.4L of fit span
o Negative moment at interior support
o Positive end shear
o Negative shear left of interior support
o Positive shear right of interior support
9 For threespan continuous structures:
o Positive moment at 0.4L of first span
Positive moment at 0.5L in centerasp
Negative moment at interior support
Positive end shear
Negative shear left of interior support
Positive shear at right of interior support

xﬁ 2-2 November 2018
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2.2.4 Load Factors / Impact

Impactwasincludedin the evaluation of the study vehiciesm c ompar i s o83Design LRFRO s
Loadings For LRFR evaluations and comparisons, an impact fact@®38b and the appropriate load

factors were applied to all trucks (Permit, Legal and Design), but not to the lanes according to AASHTO
LRFD Code. A lod factor of 1.75 was applied to the 98 Design Loadingccording to Table

6A.4.2.21 of the AASHTO MBE. A load factor of 1.3 (average of load factors) was applied to all Permit
Loads according to the 2013 revision to Table 6A.4:3.pAthe AASHTO MBE.A load factor of 1.45

was applied to all Legal Trucks according to the 2013 revision of Table 6A-A4.43&e AASHTO

MBE. For the LFR comparison (Legal and Permit Truok®iparedo HS20 Design Truck), no impact

or load factors were applied due e tcomparison being for reference only (unfactored moments and
shears).

2.2.5 Method of Evaluation

Influence line ordinates were determined for each of the force effectsifistedtion 2.2.3or the

different span configurations describ®ection 2.2.2Theanalysis assumed a prismatic cresstion for
the entire structure length. Influence line ordinates obtained"gidifts were found to provide sufficient
accuracy for this analysis

The critical force effects for all structure types and base spathgewgre calculated for all study

vehicles. LARSA, a structural analysis software, was used to create models for each span arrangement (1
span, 2span,and 3span). Each of the trucks chosen were appliedpgosmatic sectioas part of a

moving load anakis. Enveloped maximum shear and moment results were exported from LARSA into
EXCEL and then evaluated at the predetermined specific points of interest. As a part of the post
processing of the LARSA data, the maximum moment and shear values at thefroieigst were sub
divided into thefour categories of truckd €galS U 6 s  ¥©3 Desidfl Loadings, AASHTO Legal

Trucks vs. HE93 Design LoadingsSC Specific Legal Trucks vs. H&3 Design Loadings and Permit
Trucks vs. HI:93 Design Loadings Once diviled into these categories, the moments and shears were
normalized tahe HL-93 Design Truck + Lanel(0) by dividing the force effect of the Legal Trucks,
Permit Trucks, HEO3 Design Tandem + Lane and 498 Truck Traint+ Lane force effects by the
correspoding HL-93 Design Truck + Lane force effed@he normalized moments and shears for each
category were then graphed for e&dting Factopoint of interest.

2.3 RESULTS OF PARAMETETUDY

Refer to Section 6.5 of this guidance document for a listingloicles that must be considered for a
rating analysis. The following provides a general summary of the results of the parametric study:

2.3.1 Legal Loads

For Legal Loads, for the-4pan, 2span and 3pan bridges studied, the AASHTO LRFD design loads
(AASHTO HL-93 Design Truck + Lane, HR3 Design Tandem + Lane, and 49B Truck Train + Lane)
envelope the Rating Factor for all Legal Trucks for all span lengths and critical force effects.

If a bridge yields a Rating Factor less than 1.0 for the AASHTO LRFD Bésigds, posting values may
be determined considering the followir{tlote theSG-SHYV vehicles are not allowed on interstate routes
and thus bridges on interstate routes need not be analyzed-8i'%@ehiclesat the legal rating level

use AASHTO LegaSHYV vehicles for interstate routes)

9 For 2axle Single Unit Trucks, the SC School Bus typically controls for spans under 30 feet,
while the SESU2 controls for spans over 30 feet. The study recommends analyzing for both
vehicles.
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1

il

For 3-axle Single Unit Traks, generally use the SEHV1A (65k) Truck (norinterstate only,)
although theModified AASHTO SC Type Jruck controls in some isolated cases.

For 4 or-more axle Single Unit Trucks, generally use theSS8@€/2A (66k) Truck(norrinterstate
only), althoughan AASHTO SU4 Truck controls in some isolated cases. Analgodor all
AASHTO Legal SHV vehicles (SU4, SU5, SU6 arld73.

For Combination Unit Trucks of 5 or more axles, use theS8®3A (85k) Truck (norinterstate
only), the SESHV3B (90k) Truck (nofinterstate only), th#lodified AASHTO SC Type 3S2
and AASHTO Type 3 trucks

2.3.2 Permit Loads
For Permit Loads, the following results were found:

il

For Ispan arrangements, the 9B Design Truck + Lane load generally controls, although the
SC Crane # 527568 (177.-I8BD6cbatrehd $beaspand
midspan moment.
For 2span arrangements, the 3B Design Truck + Lane loacgerally controls although:
o The SC Crane # 527568-12D067 splan demtgrt diilss fiom
interest.
o The SC Crane # 527568-140& 7s pP&kn Iceemgtriod sf am
of Span 1.
o Either Permit Crane (SC Cran&#4726 (160k) or SC Crane # 527568 (177.7k)) may
controd45@ts@BdO® | engths for maxi mum moment
For 3span arrangements:
o Permit Cranes (SC Crane # 544726 (160k) or SC Crane # 527568 (177.7k)) control over
the HL-93 Design Loading Tieks and Lane at various locations of each of the points of
interest.
0 The SG130k (7 axle) and S@20k (6 axle) Permit Trucks control over the-98

Design Loading Tr uedk0sé asnpda nL alneensg tfhosr ftohre n2a5x6i mu m

moment at interior bents.

2.3.3 Emergency Vehicles
Per the MBE, emergency vehicles (EV) should always be included in the rating analysis.
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CHAPTER 3 LOAD RATING CHECKING AND QA/QC

3.1 GENERAL REQUIREMENTS

The goal of SCDOT is to provide a safe transportation system. Load rating seslllitse checked for
accuracy as part of the Quality Assurance (QA)/Quality Control (QC) process.

3.2 QUALIFICATIONS OFADCRATING PERSONNEL

Load ratings and load rating checks shall be performed by individuals qualified to do load rating. At a
minimum, thendividual performing the load rating or the individual performing the load rating check shall

be a professional engineer licensed in the state of South Carolina or shall be under the supervision of a
professional engineer licensed in the State of Soatbli@a and the load rating shall be certified by the
professional engineer.

3.3 COMPUTER SOFTWARE BOMPUTER SOFTWXERIFICATION

SCDOT requires the use of AASHTOWare Brersion 6.8.2 load rating software for all structure types
supported by this software. AASHTOWare BrR can be used to load rate steel rolled beam, steel girder,
steel floor beam, prestressed concrete girder, concrete slab, concrete girder, timbendetea| tiuss
bridges using the ASR, LFR, or LRFR methods. It will also load rate concrete culverts.

If a specialized structure type cannot be load rated using BrR, and an alternative proprietary software
spreadshees required to perform the loactireg, approval of the alternative software must be obtained
from theState Bridge Maintenance Engineer or designated representitiMerosoft EXCEL and/ or

PTC Mathcadare required for bridges that cannot be load rated by @Bepprovalby SCDOTfor use

as an alternate softwaienot required

The load rater shall provide documentation that alternative load rating software is performing as intended
and is accurate. Program documentation shall consist of longhand calculations verifying keg pbrtion

the computer analysis or, alternatively, provi de
means of an independent software analysis progRerer to Chapter 20 of this guidance document for

specific requirements of computer program docusatem.

The load rater and checker are responsible for using all software appropriately, interpreting the results
appropriately, and performing load rating checks as required.

3.4 CHECKING PROCEDURES

A load rating check shall include confirmation of the assionp used for the load rating, verification of
appropriate equations and calculations for load rating, and a check of arithmetic. Load rating checks may
consist of an independent mirror set of load rating calculations. When computer programs ahne used, t
checker should verify all input data, verify that the summary of load capacity information accurately
reflects the analysis, and be satisfied with the accuracy and suitability of the computer program.
Discrepancies found by the load rating checker sleatiocumented and resolved with the original

generator of the load rating.

3.5 QCAND QA

3.5.1 QC Review
Typically, consultants perform all load ratings for the SCDOT. Consultants shall be responsible for the QC
review of all of their load ratings.A QC review ofthe load rating results must be performed by a
professional engineer licensed in the State of South Carolina. The QC revieinchaé the following:

1 Confirmation that a formal load rating check was completed,

91 A general overview of the assumptions amethods used for the load rating,
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1 Confirmationthat any structural deterioration has been properly accounted for in developing the

rating,

i Confirmation that the results of the load rating / load rating check are properly summarized on the
Load Rating Sumiary Form,
1 Documentation of the QC proceéomplete theiQuality Control Engine@rbox on the Load
Rating Summary Form).

3.5.1.1 QC Review Checklist
In addition to completing théQuality Control Engineérbox on the Load Rating Summary Form,
consultants shall utilize a standardized checklist to document the QC process for all bridges they have load
rated. The standardized ReviewChecklist is included in Appendix A3df this chapter.

3.5.1.2 QC Tracking Sprestiket
Consultants shall also utilize a standardized tracking spreadsheet to document the process of the final load
rating forall assigned bridges. The standardi@€tiReviewTracking Sheeis included in Appendix A3.2

of this chapter.
3.5.2 QA Review

QA reviews shall be performed anmonthly basis for all load ratings submitted by consultants the
previous month. Each month, all bridge database informatiamthe standardized QC Tracking

Spreadsheet will be entered into a masterTgecking Spreadsheet tetérmine which bridges will be
assigned for QAThe information will be filtered byariouspriority categories. The categes, in order

of priority, include:

1. Fracture Critical Bridges

Scour Critical Bridges

Bridges with NBI Condition Ratings of 4 t&ss for any of the four NBIS Condition Rating items

2
3
4. ComplexBridges
5

Bridges on the National Highway System

6. All Remaining Bridges

For each category, QA review shall be performed on 10% of the load ratings submitted the previous
month and the actual bridgsslected shall be determined by a random number generator. If a bridge
falls into more than one category and is randomly selected more than once, in will be replaced in the
lowestpriority category. Not less than one bridge shall be reviewed for etedooaif the sample lot

for the category is less than 10 load ratings (unless there are no bridges for that category thaf heonth).
standardizeA ReviewTracking Sheeis included in Appendix A3.of this chapter

Consultants shall not perform QAviews for their own load ratings; QA reviews shall be performed by a
different consultant than the consultant that performed the load rating anBhesi®A reviews shall

review theQC Reviewdocumentation (QC Review Checklist) and the Load Rating SumiAteinyto

confirm a QC review was completed for the selected load ratings, to confirm each QC comment received
a response and was resolyadd to verify consistency in load rating proceduresiag all consultants

involved in the load rating process. h e

Assurance

Engineero

Quality Assurance Engineer shal

b o x

o0 nThet Quadity Assusadce Bhgieer shagll aSau mma r y

complete a QA Review Checklisthe stindardized QAReviewChecklistis included as Appendi&3.3

of this chapter.

SCeoT
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APPENDIX A3.1: QC REVIEW CHECKLIST
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SCCOT

Load Rating QC Review Checklist

Version: 1.0
Pagelofl

SECTION 1: GENERAL BRIDGE DATA

[EAssern ]

6) Feature Crossed:

(92A) Fracture
Critical? (113) Scour Critical?

(58, 59, 60 or 62) Lowest of Deck,
Superstructure, Substructure or Culvert NBI
Condition:

(104) On NHS?

Complex Bridge?

(27) Year Built:

No n No

No

K2

additional sheets to this form.

SECTION 2: LOAD RATING QC REVIEW CHECKLIST

For each item in this section, list the QC comments, and describe the process by which these comments were resolved. If there were no QC comments associated with
the item, the space may be left blank. The box should only be checked after all QC comments are addressed. If more space is needed to document the process, attach

[0 2. The assumptions used

[ 1. Aformal check of the load rating was completed.

for the load rating were valid.

[J 6. The “Quality Control Engineer” box on the LRS Form was completed.

[ 3. Structural deterioration (if applicable) was accounted for in the load rating.

[J 4. The Load Rating Summary (LRS) Form was completed entirely and correctly.

[J 5. The LRS Form agrees with the results of the load rating / load rating check.

QUALITY CONTROL ENGINEER

Name:

Company:

Date:

SCeoT
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SCCOT

Load Rating QA Review Checklist

Version: 1.0
Pagelofl

SECTION 1: GENERAL BRIDGE DATA

[EAssern ]

6) Feature Crossed:

(92A) Fracture
Critical?

(113) Scour Critical?

(58, 59, 60 or 62) Lowest of Deck,
Superstructure, Substructure or Culvert NBI
Condition:

(104) On NHS?

Complex Bridge?

(27) Year Built:

No

| v [

No

No

SECTION 2: LOAD RATING QA REVIEW CHECKLIST

For each item in this section, list the QA comments, and describe the process by which these comments were resolved. If there were no QA comments associated with
the item, the space may be left blank. The box should only be checked after all QA comments are addressed. If more space is needed to document the process, attach
additional sheets to this form.

[ 3. The Load Rating QC Review Checklist was completed entirely.

[0 5. The “Quality Control Engineer” box on the LRS Form was completed.

[J 1. All appropriate Load Rating Package Deliverables have been submitted to SCDOT.

[J 2. The Load Rating Summary (LRS) Form was completed entirely and correctly.

[ 4. If there were QC review comments, the process by which these comments were resolved was documented.

QUALITY ASSURANCE ENGINEER

Name:

Company:

Date:

SCeoT
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CHAPTER 4 LOAD RATING P ROCESS

4.1 GENERAL

The load rating work discussed in thigidance documerig covered by the specifications in the current
version of theAASHTO Manual for Bridge EvaluatioMBE) and as modified by thiguidance
document The load ratingnd checkingnust be pedrmed byindividuals who ardicensed professional
enginees or under the supervision ofli@ensedprofessional engineer.

4.2 INSPECTION DATA USEIR LOAD RATING

Refer to the MBE, Section 2 for requirements for Bridge Files and Documentation requirements and
Chapter 5 of thiguidance document

4.3 CONCEPTS AND LOAORIES METHODOLOGIES
The following concepts are to be applied to the load rating process:

1. In general pmary load carrying members are required to be load rated.

2. Members of substructures need not be routinely load rated. Substructure elements such as pier
caps and columns should be rated in situations where the engineer has reason to believe that their
capaity may govern the load capacity of the entire bridgeh as where substructure elements
have sustained significant collision or impact damage, where substructure elements have
significant deterioration (particularly with lack of redundancy), or wheoeirs undermining or
settl ement may affect the footingds bearing capacity or the colu

3. Using engineering judgment, all superstructure spans and live load carrying components of the
span shall be load rated for moment, shear, and asidl(lwhere appropriate) until the governing
component is established. If the engineer, using engineering judgment, determines that certain
components will not control the rating, then a full investigation of theconitrolling elements is
not requiredHowever, it is to be noted which components were not rated and the reasons leading
to the engineering judgment not to rate the components.

4. For most structures, the governing rating shall be the lesser of the shear capacity or moment
capacity of the critidecomponent. For more complex structures, other forces such as axial or
principal shear may control the rating.

5. All bridges shall have a load rating which reflects the current configuration and condition of the
bridge. A new load ratings requiredif the bridge has been reconstructed such that the work
changes the bridgeds roadway width, |l oad carrying capacity, strt
configuration, or generally any change requiring a Professional Engineer to sign and seal plans.
Examples of recastruction would include deck alteration that effectively increase the dead load
(deck overlays)addition of new spans; converting pin and hangers to a continuous design;
converting simple spans to continuous; substructure modifications including nespaieg or
configurations or cap alterations; modifications to fracture critical elements or fatigue prone
details; substructure replacement; replacement of deck; stringer replacement; superstructure
replacement; or bridge widening. Some emergency brigjggrs such as girder end repairs,
emergency repairs or critical finding repairs may also trigger the need for a new load rating.

6. Existing bridges that are foupduring inspectiongo have additional substantial member section
loss or damage affectingation properties observed as compared to past inspections shall be
assessed for possiblenaging. This would include deterioration or damage identified during a
Special Inspection or during a Damage inspection resulting from fire, impact by aneigfer
vehicle, flood, hurricane or other natuealmanmadedisaster. New load ratings are required
unless the current load rating can be determined to be adequate by engineering judgment.
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Additionally, bridges shall be assessed to determinerdtieg s warranted for the following
reasons:
1 If the Condition Rating foDeck, Superstructure, Substructure or Culvert NBI items
drops to 4, Poor Gulition or 3, Serious Condition.
1 If the Condition Rating for Deck, Superstructure, Substructure or Culvert N ite
drops 2 points or more below when the original load rating was performed.
1 If the existing bridge is found, during inspection, to be supporting an increased dead load,
such as a thicker layer of gravel overlayifdhe bridge did not previously have an
overlay and hageceived an overlay of the existing destice the previous inspection
Note: If the controlling Rating Factor of a bridge is large enough to accommodate an
added overlay or increased overlay thickness, sound engineering judgment reasgl be u
to determine that a new load rating is not needed. However, the changed condition to
reflect the current overlay shall be documented in the bridge file and the rationale for not
requiring a new load rating shall be provided.
1 If the Program Manager d&tnines a load rating is required.
7. When consultants perform load ratings, they will follow the requirements afitlidance
documentnd the current MBE.

4.4 NEW BRIDGE

FHWA requires that new bridges and bridge replacements designed after Octoberlde 88&i@ned in
accordance with the LRFD Bridge Design Specifications usiagppropriate loadingAs such, all new
bridges shall be load ratéy the bridge designgrer the Load and Resistance Factor Rating (LRFR)
method prior to opening the bridgette public. Load Rating Submittal Packages shall be delivered with
RFCPlans and updated as needed witkBAdt Plans if there have been any changes to the bridge that
affect the load rating.

4.5 EXISTING BRIDSE

Refer to Chapters 7 through 18 of thisgdance document i ncl usi ve, for SCDOT6s policies on rating
methods to use for the various structural types.

Existing bridges designed by the ASiethod shihbe loadrated using the LFR method, except for

timber and masonry bridges, which will be rated usirgASR method An existing timber or masonry
bridge load rated by the ASR method does not have to be reanalyzed as long as the existing rating has
been performedonsidering the current condition and configuration of the bridge.

Bridges designed by the LFD method shall be load rated using the LFR method.
Bridges designed by LRFMethod shihbe rated using the LRFR method.

4.6 REHABILITATED BRIBGE

If the existing lod rating is inaccurate or did not account for deterioration of the bridge as reported in
bridge inspection reports, a new load rating shall be performed for the existing bridge in accordance with
this guidance documentAll bridge widening or rehabilitadn projects shall be designed in accordance

with the current BDM.
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CHAPTER 5 DATA COLLECTION

5.1 GENERAL

The collection of relevant and pertinent existing data about the structure is required to perform the load

rating. The available information forspecific bridge may be assembled from many different sources or

may rely exclusively on inspection and field measurements when other information does not exist. It is

the rating engineerds responsibil iltawilaileo det er mi ne the reliability a
information used to support the rating.

Security protocols are in place within the SCDOT to limit access to specific information about bridge
structures that could be used to compromise the transportation system within the state. Consultants
needing information from a Bridge File to perform a load ratmigneed to first request a ProjectWise
account with SCDOT by filling out an account request located at the following site:
https://www.scdot.org/business/pdf/destopild/Account Request Form.pdf#search=ProjectWise

Once a ProjectWise account is established, seaduesto accesshe BridgeFile by contacting th&tate
Bridge Mantenance Engineer or designated representative

5.2 EXISTING PLANS

Existing plans are used to determine loads, bridge georsetnponent crossectiors and material

properties. Such plans may includebés plans, auilt plans, shop drawings, and repagid. Design

plans, also referred to ashisl plans, are created by the designer and used as a contract document for
bidding and constructing the project. Construction record plans, also referred {oudls @ans, are

contract design plans that haween modified to reflect changes made during construction. Changes from
the asbid plans during fabrication may not be represented in teiésplans, but would be documented

in the shop drawings. Repair plans that document repairs performed derlifg tf the structure may

also be available. Plans may not exist for some structures, and in these cases, field measurements will be
required.

5.3 INSPECTION REPORTS

Prior to performing a load rating, inspection reports must be reviewed to determine igther
deterioration or damage that needs to be accounted for in the r@tmgne Inspection reports would
typically contain this information, althougpecial Inspection reports, Damage Inspection reports,
Underwater Inspection reporttc. may also beavailable and may provide additional information
regarding deterioration or damage addition, inspection reports may contain pertinent measurements of
members or may note if additional loading is present. Over the life of the structure, undocumented
repairs and/or changes during construction or erection may have taken place without the appropriate
documentation. These changes may be discovered and documented within the inspection report.
Inspection report photos, fieltbtes and measurements can alsaised to verify members and
measurements in existing plan documents.

Photographs and field measurement of losses should be reported in the inspection report. It is the
responsibility of the rating engineer to determine the extent of the losses amahpiaeir on the load
carrying capacity of the structure.

5.4 SITE ASSESSMENTS

If existing plans are not available and/or bridge inspection reports do not contain sufficient detail to perform
the load rating, an independent Site Assessment may be requiretbto b necessary data to perform

the load ratingincluding development of record drawings or sketches documenting visible information to
complete the load ratingVhen existing plans are availabtgientation and numbering of bridge elements
referenced in the Site Assessment shall be as shown on the existing plans. In the absence of exjsting plans
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numbering and orientation of bridge elements shall be in accordance with Section 5.4.9 of the Bridge
Inspection Guidance Document.

Prior to performing a Site Assessment, notify Bt@ate Bridge Maintenance Engineer or designated
representativéo document the additional effort required for the Site Assessamehbbtain approval for
the added effort

The template fodocumenting information affecting the load rating as a resudt $ite Assessment is
included in Appendix A5.1 to this chaptetJse theSite AssessmerbupplementiaFindings Form in
Appendix A5.2 to document other findings during a @igsessment that do not directly affect the load
rating.

5.5 OTHER RECORDS

Other structure history records may exist that will provide additional information pertinent to the load
rating. These records may override specifications or measurements that degl ieghe ahid plans or
repair plans. Examples of pertinent records are:

Standard Plans

Correspondence

Photographs

Maintenance History and Repair Records

Field Testing Reports

Material Test Reports

Mill Reports

Historic Rating Analyses and Postikigstory
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APPENDIX A5.1:  SITE ASSESSMENT FORM
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SCCOT

Site Assessment Form

Version: 1.0
ocT2018
Page 105

SECTION 1: GENERAL BRIDGE DATA

(7) Facility Carried:

(6) Feature Crossed:

Site Assessment
(420) Asset ID: (8) Structure Number: (2) District: (3) County: (9) Bridge Location: Date:

Bridge Coordinates:

(16)

Latitude: degrees minutes seconds | (17) Longitude: degrees minutes seconds

(43, 44) Bridge Description:

(45) Number of Main Spans:

(46) Number of Approach Spans:

(49) Structure Length:

(52) Structure Width (out-to-out)

findings not related to the suj

SECTION 2: FIELD NOTES
In this section, include information on items that affect the load rating, such as SIP forms, utilities, attached signs, overlays, etc. Include notes about deterioration of
members to be rated. Do not include information that does not affect the load rating, such as minor deck cracking and spalling. Do not include site assessment critical
orting members to be rated; these should be reported in a separate form.

SCeoT
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SCCST Site Assessment Form iy

Page20f5

Site Assessment Date:

(420a) Asset ID:

(8) Structure Number: District: | (3) County: ’ (9) Bridge Location:

SECTION 3: ADDITIONAL NOTES

In this section, include information (if necessary) such as field measurements of deteriorated members to be rated that were not recorded during initial site visit, load

testing i etc,

SC%T 5-5 November 2018



SCDOT Load Rating Guidance Document Data Collection

SCCST Site Assessment Form iy

Page 30fs

(420a) Asset ID: [ (8) Structure Number: District: | (3) County: | (9) Bridge Location: Site Assessment Date:
SECTION 4: FIELD SKETCHES

In this section, include such as field , not provided in design plans or as-built plans needed to complete load rating. Attach additional sheets,

if necessary.
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SCCST Site Assessment Form iy

Pagedofs

Site Assessment Date:

(420a) Asset ID:

(8) Structure Number: District: | (3) County: { (9) Bridge Location:

SECTION 5: PHOTOGRAPHS
Include photos of information to assist with the load rating only. Also include photos of any weight restrictions postings. Do not include photos of defects such as minor
deck cracking and spalling. Do not include general photos of the bridge that are in typical inspection reports.
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SCCoT Site Assessment Form Ve 10

Page S of 5
Site Assessment Date: |

| (420a) Asset ID: | (8) Structure Number: | District: | (3) County: } (9) Bridge Location:

SECTION 5: PHOTOGRAPHS
Include photos of information to assist with the load rating only. Also include photos of any weight restrictions postings. Do not include photos of defects such as minor
deck cracking and spalling. Do not include general photos of the bridge that are in typical inspection reports.

A link to the latest version of thgite Assessment Foriw located heréSite Assessment Form Commented [RP6]:  Add hotlink once form is finalized and the
""""""""""""" form is saved on SCDOT website
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APPENDIX A5.2: SITE ASSESSMENT SUPPLEMEN  TAL
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SCEST  Site Assessment Supplemental Findings Form

NOV2018
Page 1014

SECTION 1: GENERAL BRIDGE DATA

(8) Asset ID: (2) District: (3) County: (9) Bridge Location: Site Assessment Date:
Select District Select County

Bridge Coordinates:

(16) Latitude: degrees minutes seconds | (17) Longitude: degrees minutes seconds

(7) Facility Carried: (6) Feature Crossed: (43, 44) Bridge Description:

(45) Number of Main Spans: (46) Number of Approach Spans: (49) Structure Length: | (52) Structure Width (out-to-out)

SECTION 2: APPLICABLE FINDINGS

In this section, please check all that apply to the findings. Please confirm that any findings impacting the load rating are reported in the main
“Site Assessment Form."”

[ (36) Traffic Safety Features [ (58) Deck [ (59) Superstructure

[T] (36A) Bridge Railings [C] Bridge Railing / Parapets and/or [7 Girders / Floor Beams / Stringers
[7 (36B) Transitions Median Barriers and/or Beams

[ (36C) Approach Guardrail [ Curbs [J Truss Members

[ (36D) Approach Guardrail Ends [] Decks and/or Slabs ] Bearings

[Tl Expansion Bearings
[ paint System(s)

[ (60) Substructure [J (61) Channel and Channel [ (62) Culverts
[CJ Abutments and/or Headwalls Protection

[J Bents and/or Piers [ Fender System

[0 (71) Waterway Adequacy [ (72) Approach Roadway Alignment [ Other:

[J Waterway and Scour [J Roadway Alignment

[ Traffic Signs
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SCEST Site Assessment Supplemental Findings Form

Version: 1.0
NOV2018
Page20f4

(8) Asset ID:

District:

Select District

(3) County:

(9) Bridge Location:
n Select County

Site Assessment Date:

SECTION 3: FIELD NOTES

In this section, include information on all site assessment findings. Findings which impact the load rating should also be reported in the main “Site Assessment Form.”

SCeoT
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Data Collection

SCEST Site Assessment Supplemental Findings Form

Version: 1.0
NOV2018
Pagedofd

(8) Asset ID:

District:

Select District

(3) County: (9) Bridge Location:
Select County

Site Assessment Date:

Include photos of all site

SECTION 4: PHOTOGRAPHS

findings. Do not include general photos of the

ridge that are in typical inspection reports.
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Data Collection

SCEST Site Assessment Supplemental Findings Form

Version: 1.0
NOV2018
Pagedofa

(8) Asset ID: District:

Select District

(3) County: (9) Bridge Location:
Select County

Site Assessment Date:

include photos of all site

SECTION 4: PHOTOGRAPHS

findings. Do not include general photos of the

ridge that are in typical inspection reports.

A link to the latest version of the Site Assessment Supplemental Findings Form is Iocat@itbere:

Assessment Supplemental Findings Eorm

SCeoT

November 2018
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CHAPTER 6 GENERAL R EQUIREMENTS

6.1 CONDITION OF BRIIMEEMBERS

The condition and extent of deterioration ancedef of structural components of the bridge shall be
considered in the rating computations. This informasioallbe based on a recent, thorough field
investigation.

6.2 TYPES OF LOADS TONSIDER FOR RATINGS

In accordance witl$ections 6A.2.1 and 6A.2.2 tife MBE, generally only permanent loads and vehicular
loads are considered to be of consequence in load ratings. Environmental loads such as wind, ice,
temperature, stream flow and earthquake are usually not considered in rating except where unusual
condtions warrant their inclusion. Permanent loads include dead loads and-iodkeck effects from

the construction process.

6.3 DEAD LOADS USED TEXYERMINE RATINGS

The dead load unit weights given in the current AASHTO LRFD Bridge Design Specificatiornseshal
used in the absence of more precise information. Howevet4fhpcfweight of normal weight camete
shall be increased by 5 pcf to 150 pcf to account for the weight of reinforcing steel.

6.4 SIDEWALK LOADING RHDESTRIANDADING USEID DETERMINEATINGS
6.4.1 Sidewalk Loading Using the ASRFERR Method

Per the MBE, Article 6B.6.2.4, fASidewalk |l oadings used in calculati
should be probable maximum loads anticipated. Because of site variations, the determinationgof loadi

to be used will require engineering judgment, but in no case should it exceed the value given in AASHTO

Standard Specifications. The Operating Level should be considered when full truck and sidewalk live

|l oads act simultaneously on the bridge. o

6.4.2 Pedestian Loading Using thé&kFR Method

Per the MBE, Article 6A.2.3. 4, APedestrian | oads on sidewal ks need
with vehicular loads when load rating a bridge unless the rating engineer has reason to expect that

significant pedestriatbading will coincide with the maximum vehicular loading. Pedestrian loads

considered simultaneously with vehicular loads in calculations for load ratings shall be the probable

maximum loads anticipated, but in no case should the loading exceed thepeddified in LRFD Design

Article 3.6.1.6.0

6.5 LIME LOADS USED TO BEMINE RATINGS

For ASR and LFR load ratings, bridges shall be rated using the Rating Live Load as described by Section
6B.6.2 and Figures 6B.62and 6B.6.2 of the MBE. For LRFR load rangs, bridges shall be rated

using the standard Design Vehicles as described by Sé#i@rB.1and appendix C6Af the MBE In

addition, the Legal Trucks shown in Table-8.5hall be analyzed for posting vehicles.

Note that the SCDOT Specializethuling Vehicles (SC SHV) can be omitted from Interstate brielgge!

levelratings since they are precluded from travelling on Interstates as per the South Carolina Code of

Laws Title 56 Chapter 5 Section 4140. Additionally, as per the MBE, Emergencyd/¢he s ( EV6s) shoul d
always be included in load rating analyses for bridges. Refer to Figu8efor axle configurations of

EV vehicles.

For permitioads analyze for the permit trucks shown in Figure 4.5
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Table 6.8. Suite of Posting Vehicles

Truck Type Axle Configuration Vehicle Reference Figure
Single Unit 2 Axles SC-SU2 6.5-2b
SC Representative School Bus 6.5-2b
3 Axles SC SHV1A (65k) - Non-Interstate Only 6.5-2b
SC- Type 3 (AASHTO modified) 6.5-1
4 or More Axles SC SHV2A (66k) - Non- Interstate Only 6.5-2b
Su4 6.5-2a
SuU5 6.5-2a
SU6 6.5-2a
SU7 6.5-2a
Combination Unit |5 or More Axles SC SHV3A (85k) - Non- Interstate Only 6.5-2b
SC SHV3B (90k) - Non- Interstate Only 6.5-2b
SC - Type 352 (AASHTO Modified) 6.5-1
Type 3-3 (AASHTO) 6.5-1
Dual Trucks 2-0.75 AASHTO Type 3-3 +.2 kif Lane 6.5-1
14.8K 17.6k 17.6k
L 15 et
é é CB AASHTO SCType 3

15k 15k 17.6k  17.6k

AASHTO SC Type 3S2

AASHTO Type 3-3

ok ok ok 12K 10.5k10.5k ok ok ok 12K 10.5k10.5k

0.2 kif
271 0.75 AASHTO Type 33 +
2 kI f Lane (for spans >20008)

Figure65-1. Legal LoadsShowingAxle Loads)
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17k 17k

12k 8k

AASHTO SHV'i SU4

12k 8k 8k 17k 17k

AASHTO SHV'i SU5

AASHTO SHV'i SU6

11.5k 8k 8k 17k 17k

AASHTO SHV'i SU7
Figure65-2a. AASHTCBhort Haul VehiclgShowing Axle Loads)
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SC-SHV1A (65k)

25k 25k

SC-SHV1B (70k)

20k 20k

SC-SHV 2A (66k)

20k 20k 20k 20k

SC-SHV2B (80k)

19k 19k 19k 19k

6 C) é é 6 SC-SHV3A (85k)

20k 20k 29k 20k

10k

22

1 11 L3N
(5 O (5 C) C) SC-SHV3B (90k)

SC Representative School Bus

22k

18k

SC-SuU2

Figure &-2b. South Carolina Short Hauld other Postingehicles $howing Axle Loads)
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33.5k
24k

15'

18' 4

EV2 (57.5k)

EV3 (86k)

Figure &-3. Emergency VehicléShowing Axle Loads)
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20k 20k 20k 20k 20k 20k 20k 20k

O

SC Crane #544726 (160Kk)

22.8k 22.9k 22.8k  22.8k

18.5k  18.5k

18.5k

15.3k 15.6k

O O SC Crane # 527568 (177.7k)

22.5k 22.5k 22.5k 22.5k

Q

SC1 100k Permit Truck

24k 24k 20k 20k 20k

SCi 120k Permit Truck

20k 20k 20k 20k 20k 20k

SCi 13k Permit Truck
Figure6 5-4. Permit Truck§Showing Axle Loads)
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6.6 WIND LOADS

Wind loads are not normally considered in load ratingss special circumstances justify otherwise
However, the effects of wind load on special structures such as movable bridgespdorgidges, and
other highlevel bridges should be considered in accordance with applicable sta(@agi$TO LRFD
Bridge Design Specifications and ASCELatestEdition)

6.7 IMPACT AND LIVE LOABANSVERSE DISTRIBWT
6.7.1 Impact

The live load impact used for rating the Design Live Load and the Legal Live Load shall be as specified

in the MBE. Section 6, fAPart A0 shasingthblRFRIsed f
met hod, and Section 6, iPart BO shall be used fo
and LFR methods. SWOT does nogallow the usef the reduced impaetlowance (Dynamic Load

Allowance)in Table C6A4.4.31 of the MBE unlss authorized by th&tate Bridge Maintenance

Engineer or designated representative

or the determinatio
r the determination

For live load impact applied to Permit Loads, see Seéitof this guidance document
6.7.2 Live Load Transverse Distribution

The transverse live load distribution usedrfoa t i ng s hal | be as specified in the MBE, Section
for the LRFR method and Section 6, AiPart Bo for the ASR and LFR met

Sections 6A.3.2 and 6A. 3.3 of the MBE refer to Arefinedo and fappro
transverse live load sliribution. When a refined method of analysis is used for the transverse distribution

of live load, thetruck and lane load shall be positioned to maximize the force effect being analyzed.

Positioning of the truck and uniform lane load within a desige tar adjacent lane is illustratedRigure

6.7.2-1 for roadway widths greater than 24 feet when using the LRFR method. The live load positioning

in this figure also pertains to application of the H820vehicle, with the exception that the truck and

lane would be rated separately. Positioning of truck and uniform lane loads for roadway widths less than

24 feet shall be as directed in the MBE.
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L 12' Lane g
I 10 )
1 l i 1 1 i i i i i ; Lane Load

10' Loaded Lane Can Be Placed Anywhere Within 12' Lane

12' Lane

2 . g , 2
l 6' l Wheel Line Load

Truck Can Be Placed Anywhere Within the 8' Limit Shown

N 12' Lane 12' Lane

N 10 \ 10

Wheel Line Load

2 2'

T T e

Loads Positioned to Maximize Shear/Reaction at Right End of Transverse Member

2

N 12' Lane 12' Lane

10' 10'

Wheel Line Load

T T T T I e

Loads Positioned to Maximize Moment At Midspan of Transverse Member

Figure6.7.2-1. Examples of Live Load Positioning Using the LRFR Method

6.8 MATERIAL PROPERTHESR LOAD RATING

The material properties used for the ratings of all structures shall be based on the material grade or design
stresses specified in the plasrsnformation in the SCDOT Standard Specifications for Construction for

the year the bridge was builin the absence @fformation in the standard specifications, information in
theplans, or if the plans do not specify the material grades or design stresses, then the load rater must use
other means to determine the appropriate material properties dragiee information available.

Typically, this information is based on the year the bridge was constructed and/or designed and can be
found in the MBE, Section 6. Also, if the edition of the AASHTO bridge design specificatezhfor

design of the brigeis noted in the plans, this reference can provide useful information that could be used

in determining the material properties or in helping to verify the material properties obtained from another
source.

The following values should be used by thedloater for the materials noted below unless otherwise
shown in the design plansr known by other means
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6.8.1 Structural Steel (Yield Strengths)

When the yield strengths of steel are unknown or cannot be determined from other sources, yield
strengths shall beaken from MBE Table 6A.6.2:1 or fromtheid at e bui |l t © col umn of
5.2.121 to 6B 52-1-4.

For unknown yield strength of steel bridges built after 2006, the yield strength of steel shall be assumed to
be 50ksi. For all weathering steel bgds, regardless of age, the yield strength shall be assumed to be 50
ksi.

6.8.2 Steel Rivets
For values for steel rivets, refer to the MBE, Table 6A.6.1215.1

6.8.3 Reinforcing Steel

When the yield strengths of reinforcing steel are unknown or cannot be detefromesther sources,
yield strengths shall be taken from MBE Table 6AZB2.except unknowiyield strength foreinforcing
steel usedh bridges constructed aftdre year 2000 shall be assumed to have a yield strength of 60.0 ksi

6.8.4 Prestressing Steel

Whete the tensile strength of the prestressing strand is unknown, the values spettiedlBE,
Table6A.5.2.31, based on the date of construction may be used.bridges built before 2006tress
relieved strands should bssumed when strand type isknawn. For bridges built after 2006, low
relaxation strand should be assumed when strand type is unknown.

6.8.5 Concrete
For reinforced concrete components vgtie minimum compressive strength of the concrete is unknown

or cannot be determined by othermgdn® ¢ f or r ei nf or c e dridges budtbefotee components for

the year 2006nay be taken as given in Table 6A.5:2.bf the MBE considering the date of construction.
For bridges built after 2006, the minimum compressive strengthbe assumed to be 4.0 iksaccordance
with the SCDOT BDM.

For prestressl concrete components where the minimum compressive strength of the concrete is unknown,
the minimum compressi ve s t3.025ksid2t5ksjx 1.2560)or bridgés duiltl be
before the yea2000. For bridges built after 2000, the minimum compressive strength shall be assumed to
be 5.0 ksi.

6.8.6 Timber
The values for timber are as follows:

Prior to Year 1972 See Tablel.10.1 ofthe 1972 AASHTO InterimsFor reference purposes, a copy of
the 1972 AASHTO Table 1.10.1 is provided in Appendl 1
Year 1972 to October 2010Refer to the latest edition of the AASHTO Standard Specifications for
Highway Bridges
After October 2010 Refer to the current eibn of the AASHTO LRFD Bridge Design Specifications
Table 8.4.11.4-1, for stress limits.

6.9 INVENTORY AND OPHRGTRATINMMETHODS
6.9.1 ASR and LFR Metlod

The HS2344 live load (truck and lane load) shall be used aRétimgLive Load(see Section 6.5)The
truck and lane load shall be rated at the Inventory and OperatingsLevel
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The structure shall also be rated for &&SHTO Legal Loads and the AASHT@ SCDOT Special
Hauling Vehicles and Emergency Vehicles described in Sectiost éheOperatingLevel

For spans over 200 feet in length, the Legal Loads shall be rated according to the MBE, Article 6B.7.2.

All bridges are required to be rated for permit loasislescribed in Section5&andshall be performed at
the Operating Level.

All ratings stall be expressed in terms of rating factors for all vehicle types rounded to the nearest two
decimal places.

6.9.2 LRFR Method

The HL-93 vehicle shall be used as hesignLive Load(see Section 6.9nd shall be rated at the
Inventory and Operating Levels.

Although the MBE does not require load ratings of legal loads if th@3Hbventory Rating Factor is
greater than 1.0he structure shall also be rafed the LegaNMehiclesat the Operating Level as
described in Section B.

All bridges are requitto berated for permit vehicles at the Operating level as described in Se&ion 6.

All ratings shall be expressed in terms of rating factors for all vehicle types rounded to the nearest two
decimal places.

6.9.3 Whento Use ASR, LFR, or LRFR

Bridges designed by ABwill be rated using LFR, except for timber and masonry bridges, which will be
rated using ASR.

Bridges designed by ultimate strength will be rated using LFR.
Bridges designed by LRFD will be rated with LRFR.
6.9.4 When to Use Field Evaluation and Documé&mtgideering Judgment

Field evaluation and documented engineering judgment can be used in Operating and Inventory Ratings
when the following criteria are satisfied:

1 Plans are not available for reinforced/prestressed concrete structures.

1 Severe deterioratiois found in superstructure (includes reinforced/prestressed concrete, steel,
and timber superstructures) or substructures. To use this method, the superstructure/substructure
condition rating shall not be higher than three.

Documentation of engineerinpgdgment must include rating calculations for the critical locations. These
calculations are a baseline that should be used to explain how engineering judgment was used to
determine the load ratings. All reasonable efforts should be taken to baseetiterinand Operating
Ratings on calculated values.

6.10 PERMIT LOAD ANALYSIS
6.10.1 Permit Trucks
Rating of Permit Loads is required for bridges.

All Permit Loads are to be analyzfst the permit loadnixed with other traffion the roadway cross
section.Full impact shall be assumed for the permit vehidfethe resulting rating factor is below 1.0, a
reduced impact factor may be considengtth appropriate speed reductions uqproval of theState
Bridge Maintenance Engineer or designated representative
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6.11 LOADFACTORS, CONDITIQICFORSAND SYSTEM FACTORS
6.11.1 Load Factors
6.11.1.1 ASR and LFR Metd

There are ndoad factorsassociated with the ASR method. For the LFR method, the load factors
specified in theMBE should be used

6.11.1.2 LRFR Method
For the LRFR methodhe load &ctorsshown in the MBE shall be used

The ADTT used to select the live load factors shall be taken fronthet8e Inventonand Appraisal
(SI&A) Sheet. The value should be obtained using the following equation:

ADTT = ADT*(% Truck/100)
Where ADT isltem 29 and % Truck is Item 109 on the SI&A Sheet

If the bridge is one directional, the calculated value is for one direction. However, if the bridge is two
directional,it should beassumd that55 percentof the total traffic is one directional, unldasown
otherwise. The 5percentassumption is taken from the AASHTO LRFD Bridge Design Specifications
Article C3.6.1.4.2.The calculated ADTT needs to be converted to a single lane value by use of the
appropriate factor from the AASHTO LRFD Bridge Desigpecifications, Table 3.6.1.412

If the ADTT is unknown, the most conservative value in the table should be used. Linear interpolation is
permitted for determining the appropriate load factor.

Per Article 6A.4.5.4.2c of th®IBE, the load factors as given in Table 6A.4.5.412shall be increased
when using a refined analysis.

6.11.2 Condition Factsr
6.11.2.1 ASR and LFR Metleod
Not applicable.

6.11.2.2 LRFR Method

The condition factor provides a reduction to account for the increased uncertaintyesistence of
deteriorated members and the likely increased future deterioration of these members during the period
between inspection cycles.

Theconditionfactor for nev bridges shall be taken as 1OtherCondition Factors are presented in the
MBE, Table 6A.4.2.31.

Note that the Condition Factor is not a means to account for actual losses or deterioration. The actual
losses and/or deterioration need to be accounted for in the rating prior to applying the Condition Factor.
The use of the ConditonFamr i s optional based on the engineerod6s judgment.

6.11.3 System Factsr
6.11.3.1 ASR and LFR Metleod
Not applicable.

6.11.3.2 LRFR Method

System factors that correspond to the load factor modifiers in the AASHTO LRFD Bridge Design
Specifications should be used for bridges desidnyetthe LRFD method (that js=1/(ho* k). The

system factors listed ifable 6A.4.2.41 of the MBE are more conservative than the LRFD design values
and may be used at the discretion of the rating engineer until they are modified in the AASHTO LRFD
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Bridge Design Specifications. A rating factor slightly less than 1.0 for a new bridge caused by this
practice is considered acceptabii¢h the concurrence of tiétate Bridge Maintenance Engineer or
designated representatitéowever, when rating neredundansuperstructures for legal loads using the
generalized factors in Article 6A.4.4.2.3 of the MBE, Table 6A.4120f the MBE shall be used to
maintain an adequate level of system safety.

6.12 LOAD TESTING

Load testingon a casdy case basisiaybe considered when certain conditions exist tinaite
conventional methods of analysis less relialdis subject to approval by tHgtate Bridge Maintenance
Engineer or designated representatipecific situations that may lead to load testing afel@svs:

1. Deterioration is difficult to quantify.
2. Conventional analysis methods are difficult to apply to a unique structural configuration.

3. There is a public need to allow larger vehicles to cross a bridge than the conventional analysis
will allow.
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APPENDIX A.6 -1:1972 AASHTO TABLE 1.10.1
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FOOTNOTES FOR TABLE 1,10.1

I'The allowable unit stresses shown are for selected species and commescial grades. For
stresses for other species and commercial grades not shown, the designer is referred to the
grading rules of the appropriate grading rules agency.

2The recommended design values shown in Table 1.10.1 are applicable to jumbex that will
be used under dry conditions such as in most covered structures. For 2'" to 4" thick lumber the
DRY surfaced size should be used. In calculating design values, the natural gain in strength and
stiffness that occurs as lumber dries has been taken into consideration as well as the reduction
in size that occurs when unseasoned lumber shrinks, The gain in load carrying capacity due to
increased strength and stiffness resulting from drying more than offsets the design effect of size
reductions due to shrinkage. For 5" and thicker lumber, the surfaced sizes also may be used
because design values have been adjusted to compensate for any loss in size by shrinkage which
may occur.

3yalues for “Fy”, “F¢”,
to 4" widths,

AThe vafues in Table 1.10.1 are based on edgewise use. For dimension 2'* to 4 in thickness,
when used flatwise, the recommended design values for fiber stress in bending may be
multiplied by the following factors:

and “F,” for the grades of Construction and Standard apply only

Width Thickness
2 30 ra
2"to 4" 1.10 1.04 1.00
6" and wider 1.22 1.16 1.11

SWhen 27 to 4’ thick lumbey is manufactured at a maximum moisture content of 15
percent and used in a condition where the moisture content does not exceed 15 percent, the
design values shown in Table 1.10.1 may be multiplied by the following factors:

Tension Horizontal Compression Compression Modulus
Extreme fiber in paraliel Q.rll em 4l perpendicular parallel of
bending “Fp” {0 grain f(;? a,l, to grain to grain Elasticity
Fy Fol” “pgr wpn
1.08 1.08 1.05 1.00 1.17 1.08

6When 2" to 4" thick lumber is designed for use where the moisture content will exceed 19
percent for an extended period of time, the values shown in Table 1.10.1 should be multiphied
by the following factors:

Tension Horizontal Compression Compression Modulus
Extreme fiber in parallet rll Aanta perpendicalar paraliel of
bending “Fy” to grain i;ea‘r’ to grain to grain Elasticity
SR v g e g
0.86 0.84 0.97 0.67 0.70 0.97

TWhen lumber 5 and thicker is designed for use where the moisture content will exceed 19
percent for an extended period of time, the values shown in Table 1.10.1 should be multiplied
by the following factors:

Tension : Compression Compression Modulus
Extreme fiber in parallel i-Io:{“ﬁ.;)lltal perpendicular parallel of
bending “Fy,” to grain ?‘lf a‘r, 10 grain to grain Tlasticity
“p % i “f o
1.00 1.00 1.00 0.67 091 1.00
39
E % I 6-20

November 2018



SCDOT Load Rating Guidance Document General Requirements

8The tabulated horizontal shear values shown herein are based on the conservalive
assumption of the most severe checks, shakes or splits possible, as if a plane were split full
iength. When lumber 4 and thinner is manufactured unseasoned the tabulated values should be
multiplied by a factor of 0.92.

Specific horizontal shear values for any grade and species of lumber may be established by
use of the following tables when the length of split or check is known:

Muitiply tabulated
When length of split is: “Iy” value by:
(Nominal 2'* Lumber)

Nowsplit: « 5 we = ¢ 5 5 8 % @ 3 z 2.00
1/2 x wide face ., . . . . . . . 1.67
3/4 xwide face . . ., . . . . . . . 1.50
1xwideface . . . . ., . . . . . 133
1-1/2 x wide faceor more , . . . . ., . 1.00

Multiply tabulated
When length of split on wide face is: “Ly” value by:
(3" and Thicker Lumber)

Nosplit © o« « & w ow = « 4« 5 & w 2.00
1/2 x narrow face . . . . . , ., . . 1.67
1 x narrow face . . . . ., . ., ., . 1.33
1-1/2 x narrow face ormore . . . . . . 1.00

9Stress rated boards of nominal 17, 1-1/4" and 1-1/2* thickness, 2" and wider, are permited
the recommended design values shown for Select Structural, No. 1, No, 2 and No. 3 grades as
shown in 2" to 4" thick, 2" to 4" wide and 2 to 4" thick, 6” and wider categories when
graded in accordance with those grade requirements.

10yor species combinations shown in parentheses, the lowest design values for any species
in the combination are tabulated.

H1When “MC15” Decking is used where the moisture content will exceed 15 percent for an
extended period of time, the design values tabulated to apply at 15 percent moisture confent
should be multiplied by the following factors: Extreme Fiber in Bending “I'p™ - 0.79; Modulus
of Elasticity “E” - 0.92.

}2National Lumber Grades Authority is the Canadian rules-writing agency responsibie for
preparation, maintenance and dissemination of a uniform softwood lumber grading rule for all’
Canadian species,

Insert new Table 1.10.1A,
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