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5.5 NEBRASKA LEGAL TRUCKS AND AASHTO TRUCKS

Load ratings are normally completed for three types of trucks as well as for design loading as
required by AASHTO. Sometimes, other types of vehicles are used to load rate a bridge; for
example, if a special permit load to transport a heavy load is used, and has a unique axle
spacing.

AASHTO requires that load ratings be completed with the AASHTO standard rating vehicles as
well as for AASHTO design live loads. Design live loads typically are larger than actual vehicles
in use on the road. See the AASHTO Manual for design live load information.

Load rating vehicles are representative of trucks typically using roads in the United States.
Each state determines by statue the maximum legal axle weight and spacing for vehicles in their
particular state. The following figure shows the AASHTO rating vehicles on the left. The
Nebraska load rating vehicles are shown on the right and show the Nebraska legal truck axle
weights determined by Nebraska statute.
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These photos generally depict the configuration of each Legal truck.

NE Type 3S2

NE Type 3-3
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5.6

BRIDGE LOAD POSTING
5.6.1 General

The Bridge Owner must have a current load rating in the bridge files at the Owner’s
office. The load rating shall be prepared by a Load Rating Engineer and documented on
the Load Rating Summary Sheet which shall be accessible to determine load capacities
and postings.

As a general rule, bridges capable of carrying Nebraska legal truck loads do not require
posting. A bridge shall be load posted as determined by the LRE where the Load Rating
Summary Sheet show Operating Level load rating values less than Nebraska legal
weights for the Type 3 (25 Tons), Type N3S2 (37 Tons), and Type N3-3 (43 Tons). All
bridges requiring posting shall be posted at the Operating Level or below. All bridges
rated less than 3 Tons shall be closed and barricaded to all traffic.

Bridge Owners or their consultant LRE are responsible for reviewing inspection reports
and assessing the structures regarding the need to revise the load rating. The LRE
notifies the Bridge Owners if a structure’s load rating indicates load posting is required or
if the bridge should be closed due to the load rating.

NDOR requires that signs be installed as soon as practical, but no later than 60 days of
the date of receipt of the LRSS. Furthermore, it is required that the Owner provide
written notification to the NDOR Program Manager that the posting has been completed
within 60 days of the installation of the signs.

5.6.2 Bridge Posted Weight Limit Signing

-

WEIGHT WEIGHT
LIMIT LIMIT

10 i—12T

TONS «mmm 16 T

o o’ e —

RI2-1 R12-5
24"x30" 30"X36"

White with black letters White with black letters

The weight limit sign shall be used to indicate restrictions pertaining to total vehicle
weight including cargo.

The R12-5 three-truck sign shall be used on all Arterial and Collector roads as classified
by the NE Board of Public Roads Classifications and Standards. The R12-5 sign shall

Nebraska Department of Roads Revision 1
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also be used on roads classified as Local roads when the local road experiences heavy
vehicles that support a site specific operation, such as a feed lot.

NDOR highly recommends that Bridge Owners use the R12-5 sign showing three truck-
posting for all structures that require load posting. The R12-1 single limit sign, which
would show the lowest tonnage truck, unnecessarily limits the use of the structure.
Weight limit signs should be installed in accordance with the Manual of Uniform Traffic
Control Devices. NDOR also recommends that advance notice signs be installed at the
intersections closest to the load posted bridge.

5.6.3 Data from the Load Rating Summary Sheet

The following figure is a part of the Load Rating Summary Sheet.

Nebraska Department of Roads - Bridge Division
Load Rating Summary Sheet
Analyst
State Bridge Number Analysis Date
County Bridge Number Year Built
Structure Type Year Reconstructed
Highway System Design Load
NBI Rating Factor Summary (HS or HL93):
Inventory Capacity Operating Capacity
Legal Truck Summary:
Type 3 (Tons) Type 352 (Tons) Type 3-3 (Tons)
Rec ded Posting 5t y:
Type 3 (Tons/NA) Type 352 (Tons/NA) Type 3-3 (Tons/NA)
Posting is required for capacities less than 25T, 37T, and 43T respectively. Gross Posting should be avoided.
Permit Load Summary:
Type 3 (Tons) Type 352 (Tons) Type 3-3 (Tons)
For permitting purposes only, capacity based on a single lane distribution factor with no impact.  *Condition code(s) too low.
No other vehicles are to be allowed on the bridge, crawl speeds less than 5 mph, and no gear shifting or braking, are to be strictly observed

If values shown in the box “Recommended Posting Summary” are less than the
Gross vehicle weight for the Nebraska trucks (Type 3 = 25 Tons, Type N3S2 = 37
Tons, and Type N3-3 =43 Tons) then the bridge must be load posted.

The Owner shall not load post a bridge higher than values shown in the box
“Recommended Posting Summary” which was determined by the LRE.

If the values shown in the box “Recommended Posting Summary” are more than the
Gross vehicle weight for the Nebraska trucks, no load posting is required.

A value of “NA” indicates that the posting is not required for that specific truck; thus, if
“NA” is shown for a truck, then for that truck, the gross vehicle weight for the Nebraska
Legal weight should be on the sign.

Nebraska Department of Roads Revision 1
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Example: Calculated load rating exceeds NE Legal limit for some, but not all trucks

Recommended Posting Summary:

Typed(Tonama) 20 Type 352(TonsNA) 35 Type33(TonsNA) 57
Ponting o required 1or Capacties bens than J4T 37T and 43T respncively Goons Posting should be avolded

WEIGHT
LIMIT

skl 20T

R12-5
JO"X36"
wWhite with black letters

Example: Local Road, Owner desires to single post

Recommended Posting Summary:
Type3(Tonamn)y 20 Type 352(TonsNA) 35 Type33(TonsNA) 57
Pontng o requred 1or Capactes lews than J4T 17T and 41T sepectively Gaons Pouting shouild be svolded

—

WEIGHT
LIMIT

20
TONS

| Jj
RI2-]
24"x30"°

Y¥hite with black letters

Nebraska Department of Roads
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5.7

SITUATIONS REQUIRING LOAD RATING
5.7.1 New Bridges

All new bridges shall be load rated prior to opening to public traffic.
5.7.2 Retrofit Bridges

Existing bridges that have been physically altered, for example, by a widening or a deck
replacement that changes the original deck width or thickness, must be rerated.

5.7.3 Rehabilitated Bridges

Existing bridges that have been repaired to address a critical finding or a repair finding,
or modified must be assessed by a Load Rating Engineer to determine need for rerating.

5.7.4 Change in Bridge Physical Condition

Existing bridges that are found during inspection to have additional member section loss
or damage affecting section properties observed as compared to the prior inspection
shall be assessed for possible rerating.

5.7.5 Change in Condition for Deck, Superstructure, Substructure or
Culvert

The following drops in condition rating (Item 58 Deck, Item 59 Superstructure, or Iltem 60
Substructure, Item 62 Culverts) may trigger a new load rating.

¢ Condition rating drops from 5, Fair Condition to 4, Poor Condition;

¢ Condition rating drops from 4, Poor Condition to 3, Serious Condition.

These structures must be reviewed and assess by a LRE for possible rerating.

Note that when a bridge inspection results in the condition rating (Item 58 Deck, Item 59
Superstructure Item 60 Substructure, or Item 62 Culvert) of 2 or less, the structure must
be closed to traffic.

5.7.6 Change in Overburden Dead Load

Existing bridges that are found during inspection to be supporting increased dead load,
such as a thicker layer of gravel, or having received an overlay of an existing deck, shall
be assessed by a LRE to determine if it will be rerated. Similarly, bridges that have been
cleaned of gravel should be load rated for the new conditions.

Excessive overburden of gravel significantly affects the available load capacity. The
following graphics, for illustrative purposes only, show the dramatic reduction in available
capacity with increasing thickness of gravel overburden for various structure types
typical in rural Nebraska. The Special Vehicle shown in the graphs that follow is a
typical modern tractor pulling a grain wagon with a single 25 Ton axle.

Nebraska Department of Roads Revision 1
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GRAVEL OVERLAY AFFECTS ON STEEL TRUSS BRIDGE RATINGS
39'-0" Span, Timber Decking, $15x42.9 Floorbeam, 13'-0" Spacing
45
40
35
W 30 -
£
K] =+=0" Overlay
g 25 ==3" Overlay
E 20 i 6" Overlay
o "
8 —=-9" Overlay
a 15 | "
=+12" Overlay
10
5
0
SPEC N3 N3S2 N3-3
Floor Beams of a Three-panel Pony Truss
GRAVEL OVERLAY AFFECTS ON TIMBER BRIDGE RATINGS
31'-0" Span, Timber Decking, 6"x18" Stringer, 19.5" Spacing
20
18
% L /
14
g
-E; el | / -+0" Overlay
"E 10 -=-3" Overlay
x 8| / +6" Overlay
§ ° / S - Overlav
4 L - ) e ——
2
0
SPEC N3 N3S52 N3-3
Timber Stringer Bridge
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5.8

INVENTORY ITEMS RELATED TO DESIGN LOAD, RATING AND POSTING

The LRE determines the values shown in the following table as well as Permit loads for the
three legal trucks in Nebraska. All values are reported on the LRSS.

NBIS and NE Inventory Items related to Design Load, Load Rating and Load Posting

| = initial entry

E = enter into Pontis when changed
P = prepared by

S = static item — typically don’t change each inspection cycle
D = dynamic item — may change each inspection cycle

V = verify, notify BIP Program Manager of changes on marked up SI&A sheet

Legal truck, Type 3-3

Item o « C_oding .
No Item Name ~E ® (See Chapter 3 Bridge Inven_tory Coding
: 2a » W for complete detail.)
) Sl = | o
mn Al a = -
31 Design Load S [
41 Structure Open/Posted/Closed D | E Actual operational as found by the
inspector
B — open, posting recommended but not
implemented
K — bridge closed
P — posted
63 Method Used To Determine D E P
Operating Rating
64 Operating Rating D | E P | Calculated (NDOR requires Rating factor)
65 Method Used To Determine D | E P
Inventory Rating
66 Inventory Rating D | E P | Calculated (NDOR requires Rating factor)
70 Bridge Posting D | E P | Office calculated for current condition
5 — no posting required
4 or less — posting required
203A Posted Weight Limit Truck 1 D E As found by the TL
203B Posted Weight Limit Truck 2 D E As found by the TL
203C Posted Weight Limit Truck 3 D E As found by the TL
380 Percent of Stress Reduction Void
381 Rating Program Used E P
384 HS Inventory Rating E No longer used in the NE Inventory
385 HS Operating Rating E No longer used in the NE Inventory
386A Calculated Load Rating for NE D | E P | Calculated for current bridge condition
Legal truck, Type 3
386B Calculated Load Rating for NE D | E P | Calculated for current bridge condition
Legal truck, Type 3S2
386C Calculated Load Rating for NE D | E P | Calculated for current bridge condition

Nebraska Department of Roads
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5.9

LOAD RATING CALCULATION OR DETERMINATION

5.9.1 FHWA Requirements

Load Rating Engineers must be familiar with FHWA Memorandum Bridge Load Ratings
for the National Bridge Inventory, October 30, 2006. FHWA advises reporting in rating
factors, versus Tons, for all structures. Coding methods had been revised in 2004 to
allow reporting of rating factors for all rating methods (Load and Resistance Factor, Load
Factor and Allowable Stress). Beginning in 2012, NDOR will be reporting rating factors
to FHWA ratings.

FHWA further made revisions to Coding for several items; see FHWA Memorandum
Bridge Revisions to the Recording and Coding Guide for the Structure, Inventory and
Appraisal of the Nation’s Bridges (Coding Guide) — Item 31, Design Load, and Items 63
and 65, Method Used to Determine Operating and Inventory Ratings February 2, 2011.

5.9.2 Load Rating Vehicles

Illustrations of the Nebraska Legal Trucks and the AASHTO truck are shown previously
in this Chapter. These illustrations show the axle spacing and axle loads.

Vehicle Tvpo NEIOII;)dfor AASHTO Nebraska Wheel Load

Type yp rating Weight Legal Weight | (half axle)
H20 Design 20 Tons na 16,000 Ibs
HS20 Design 36 Tons na 16,000 Ibs
H12.5 Design 12.5 Tons 10,000 Ibs
HS12.5 Design 22.5 Tons 10,000 Ibs
Type 3 Load Rtg 3* 25 Tons 25 Tons** 8,500 Ibs*
Type 3S2 Load Rtg N3S2 36 Tons 37 Tons** 7,750 Ibs*
Type 3-3 Load Rtg N3-3 40 Tons 43 Tons** 9,000 Ibs*
HL-93 Design 36 Tons*** na 16,000 Ibs

* AASHTO Type 3 and Nebraska Type 3 have same axle weight and spacing.
**  Nebraska Rating Vehicles
***  Truck Only. Consult the AASHTO MBE for lane live loads and for loading in

spans greater than 200 feet.

NBIS Inventory and Operating Ratings (ltems 64 and 66) must be calculated for the
applicable AASHTO design truck for multiple lanes (where applicable) and Impact.

Inventory and Operating load ratings must be calculated for the Nebraska Legal trucks
for Type 3, Type N3S2 and Type N3-3 trucks for multiple lanes (where applicable) and
impact. Wheel loads for analysis shall be equal to half of the axle load for a given truck.

Permit Load ratings are based on Operating Level and are calculated for NE legal trucks
in a single lane with no impact. An additional analysis should be done with this load. If
completed with LARS for non-state bridges, the LRE should submit the LARS files to

Nebraska Department of Roads
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NDOR. Permit Load Summary load ratings are shown on the LRSS, and are not
reported in the Nebraska Inventory.

5.10 LOAD RATING DOCUMENTATION AND SUMMARY

It is important that the documentation of the load rating for each bridge is a complete record of
the load rating and it should reference the inspection report and the inspection date that are the
basis of the load rating. This will ensure that concise and complete data is available in the
future should the structure need to be rerated due to structure modification or condition
deterioration.

All load rating documentation will be initialed by the LRE, dated, and include the NE PE number;
this includes the electronic file(s) used to perform the analysis.

5.10.1 Load Rating Record Contents

Load rating records at a minimum shall include the following:

e Load Rating Summary Sheet, the original signed by the Load Rating Engineer
retained in the Bridge Owner’s bridge record;

o The inspection report showing the inspection date and the condition that generated
the need for rerating;

e Calculations and documentation of values used in the load rating such as live load
distribution factors and dead load values;

e Documentation of section reduction for members, if taken;

e Bridge load rating software input and output documentation in permanent format
such as hard copy or pdf.

5.10.2 Load Rating Summary Sheet

All Nebraska bridges in the Bridge Inventory that are reported to FHWA will have a Load
Rating Summary Sheet. The LRSS includes a summary of the load rating results for
AASHTO load, Nebraska legal trucks (posting and permitting) and other general results
and comments on the load rating. The LRSS summarizes key information related to the
load rating and the life of the bridge. An example LRSS is in the Appendix. Instructions
for completing the Summary Sheet are provided with the form; additional guidance is
given in this section.

The Load Rating Engineer must affix their stamp and sign the original Summary Sheet,
and submit the originally signed document to the Bridge Owner. A copy must be
furnished to NDOR either by the Owner or, at the direction of the Owner, the LRE.

5.10.2.1 Analyst

The Analyst field on this Summary Sheet shall be the Load Rating Engineer’s
Nebraska license number; these are typically four or five digit numbers. Do
not include the “E” that precedes the PE license number as shown on the
license or in Nebraska Board for Technical Registration listings.

Nebraska Department of Roads Revision 1
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5.10.2.2 Additional Comments Section

The purpose of the Additional Comments section of the Summary Sheet is to
provide a complete summary of the condition of the bridge, and is meant to
convey key information needed by Highway Superintendents and their
maintenance staff as well as engineers who might be rerating the bridge in
the future. The comments should include the following:

Notation if the load rating was completed with the bracing by concrete or
timber deck;

Bracing conditions considered in the load rating of timber stringers, for
example, if planks are nailed into the top of the stringer or are encased in
concrete deck;

The effect of gusset plates in the structure on the load rating, especially if
they govern the load rating;

The version of LARS used to perform the load rating;

The names of the LARS files for the load rating, including file names for
structures with steel and timber LARS files;

The controlling element of the load rating and associated key points;
Recommendation to improve the load rating;

Documentation of critical findings and/or maintenance issues;

Date of inspection report documenting the condition that generated the
need for rerating.

Examples of comments would include these types of statements:

“This bridge is currently posted at XX Tons.”

“This bridge is currently posted at XX, XX and XX Ton for truck Types 3,
N3S2 and N3-3, respectively.”

“The calculated bridge load rating is shown above, and is greater than the
legal limits for Nebraska Legal trucks; load posting is not required.”

“The calculated bridge load rating is shown above, and is lower than the
legal limits for Nebraska Legal trucks; load posting is required.”

“The calculated bridge load rating shown above, and is lower than the
current posting of XX Tons. Load posting must be adjusted accordingly.”;
This bridge is currently not posted. The calculated load rating is shown
above and the bridge needs to be load posted accordingly.”;

“Based on a thorough review of the inspection report dated mm/dd/yy, the
beam’s unbraced length is reduced by one-half in accordance with the
Bracing by Deck Policy. A 12-month special inspection interval is
required until such time as corrective action is taken for the bracing or
verification of existing bracing is provided by the Owner. Future
inspections shall include specific comments as to the observed lateral
stability of all beams, and that all requirements for implementation of this
policy are still applicable.”
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5.10.3 Load Rating Means — General Guidance

The following table is a compilation of rating methodology generally used by NDOR for
load rating of bridges and is provided as guidance for those performing load ratings.
The Load Rating Engineer of record for any bridge is responsible for using good
engineering judgment in the selection of the appropriate load rating methodology.

General Guidance on Load Rating Means

Superstructure Element

Concrete slab, simple and continuous Rating software (LARS, Virtis, etc.)
Concrete girder, CIP, simple and Rating software (LARS, Virtis, etc.)
continuous

PS Concrete slab, continuous Structural analysis software or other

custom tools

PS Concrete NU or AASHTO girder, simple | Rating software (LARS, Virtis, etc.)
and continuous

PS Concrete IT girder, simple and Rating software (LARS, Virtis, etc.)

continuous

PS Concrete double tee beam Rating software (LARS, Virtis, etc.)

PS Concrete, hollow core slab Rating software (LARS, Virtis, etc.)

Steel, rolled beam stringer, simple or Rating software (LARS, Virtis, etc.)

continuous

Steel, plate girder, simple or continuous Rating software (LARS, Virtis, etc.)

Steel, truss Rating software (LARS, Virtis, etc.)

Timber, stringer Rating software (LARS, Virtis, etc.)

Steel culverts NDOR provided spreadsheet

Secondary superstructure element

Concrete, deck Structural analysis software or other
custom tools

Timber, deck Structural analysis software or other
custom tools

Steel, floor beams transverse to traffic Structural analysis software or other

custom tools

Concrete floor beams transverse to traffic Structural analysis software or other
custom tools

Substructure elements Structural analysis software or other
custom tools

5.10.4 Software

Load ratings completed with software must be completely and permanently documented.
Permanent records should be hard-copy and/or electronic documents. The date of the
rating should be included in the input files and output files of software-generated ratings.

NDOR uses Bentley LARS software for bridge ratings on state bridges because it is
compatible with Bentley Superload software used for permitting over-sized vehicles.
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NDOR prefers that other Bridge Owners and their Consultants use LARS bridge rating
software to maintain the uniformity of the Nebraska Bridge Inventory database and to
assist counties and municipalities with the load permitting process.

LARS documentation for specifics customization sheeting used by NDOR is provided in
the Appendix of this Manual. Bridges that have multiple spans of differing materials
(steel and timber) are very common. Bridges that have multiple simple spans of the
same material should be included in the same LARS file. For bridges with steel and
timber spans, two LARS files will be included in the records. It is recommended that the
LARS file for steel be named with the structure number followed by the letter “S”.
Likewise, the file for the timber span(s) should be named with the structure number
followed by the letter “T".

5.10.5 Load Rating Methods
The following is a brief summary of load rating methods.

5.10.5.1 Allowable Stress Rating (ASR)

Allowable stress method compares unfactored load effects and stresses to an
allowable stress for a given material in accordance with the MBE. The policy
of NDOR s to use the AS method only on timber and masonry elements.

5.10.5.2 Load Factor Rating (LFR)

Load Factor method compares factored load effects and stresses to the
strength of a member of a given material, which typically is less than a
material’s strength limit. The policy of NDOR is to use LF for steel and
concrete elements.

5.10.5.3 Load and Resistance Factor Rating (LRFR)

Load and Resistance Factor method compares factored load effects to the
resistance of a member of a given material in accordance with the MBE
LRFR. FHWA will require that bridges and total replacement bridges
designed by LRFD Specifications using HL-93, after October 1, 2010. Load
Rating values are to be computed and reported to the NBI as a RF based on
LRFR methods using HL-93 loading.

5.10.6 Load Rating Levels

Load rating levels are defined in the MBE and are briefly summarized in this section.

5.10.6.1 Inventory Level

The AASHTO MBE states that “inventory rating level generally corresponds
to the customary design level of stresses but reflects the existing bridge and
material conditions with regard to deterioration and loss of section. Load
ratings based on the Inventory level allow comparisons with the capacity for
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new structures and, therefore, results in a live load which can safely utilize an
existing structure for an indefinite period of time.”

Inventory Level corresponds to the design level capacity with consideration of
member condition and loss of section. Load effects are compared to the
calculated Inventory Level capacity.

5.10.6.2 Operating Level

The AASHTO MBE states that “Operating rating level generally describes the
maximum permissible live load to which the structure may be subjected.
Allowing unlimited numbers of vehicles to use the bridge at Operating level
may shorten the life of the bridge.”

Operating Level corresponds to the maximum permissible level of load
capacity with consideration of a member condition and loss of section. Load
effects are compared to the calculated Operating Level capacity.

5.10.6.3 Posting Level

Posting Level corresponds to a load capacity selected by the governing
agency for load posting bridge structures. NDOR'’s policy is that a bridge will
need posting if the load effects exceed the maximum permissible level of load
capacity, i.e. Operating Level. It should be noted by consultants completing
load ratings for bridges in Nebraska that other states’ posting policies can
vary, and may be at a level between Inventory and Operating Level.

5.10.7  Analysis Considerations

See the Material-Specific Considerations Section in this Chapter for additional
information.
5.10.7.1 Span lengths
The distance between the centerlines of bearing is to be used for the span
length for analysis purposes.
5.10.7.2 Bridge Cross Section and Roadway Width

A bridge with a sidewalk/shoulder without a barrier on the traffic side will be
analyzed for moment capacity as though the entire bridge width were
available for traffic to occupy.

5.10.7.3 Load and Distribution Factors
Parameters such as load factors and distribution factors shall be determined
by the LRE using the latest applicable AASHTO Manuals.

Distribution factor for corrugated metal decks with asphalt or gravel fill should
use S/3.75 for stringers in multi-stringer bridges.
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5.10.7.4 Dead Load

For supplementary dead load components on truss bridges, an increase as a
percentage of the component dead load should be included. This percentage
is to be based on the engineering judgment of the LRE, but no less than 5%
of the dead load of the primary members.

5.10.7.5 Strength / Resistance

The evaluation of a deteriorated bridge member must use “section remaining”
values in determining the most critical primary structural element.

5.10.7.6 Deck Load Rating

Wheel loads to be used for deck load rating shall be the maximum wheel load
for the rating vehicles. The load rating of a deck can govern the overall rating
of a bridge. If it does, this needs to be noted in the Summary Sheet. See
more information in the Sections of this Chapter on Material-Specific
Considerations.

5.10.8 Material-Specific Considerations - Steel

5.10.8.1 Strength / Resistance

Operating and inventory strength and resistance shall be determined by the
engineer using the latest applicable AASHTO Manuals.

For steel structures with an unknown date of construction, yield stress should
be based on best available information. In the absence of other data, it
should be assumed that the structure was built prior to 1905 (see MBE LRFR
Table 6-11).

5.10.8.2 Fracture Critical (FC) Structures

Steel fracture critical structures with fatigue-prone connection details (pins,
gusset plates, welds on FC members in tension, etc.), require connections be
rated if the connection shows any sign of deterioration, or if the dead load
supported by the structure has increased over that originally imposed on the
bridge. The LRE should evaluate the fatigue of the detail with due
consideration of the ADTT.

5.10.8.3 Steel Thru-girders

Compression flanges of thru girders shall be assumed to be braced if knee
bracing is present, and floor beams are attached to vertical transverse
stiffeners that are attached to the compression flange.
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5.10.8.4 Plate Girder Shear Capacity

Stiffeners should be included in the determination of the shear capacity.
Bridge records and inspection reports should indicate stiffener size, weld size
and spacing.

5.10.8.5 Members from Elements

Girders that have been fabricated from plates, angles and channels may be
modeled as plate girders. Channels may be modeled as plate girders.

5.10.8.6 Shear Resistance in Steel Floor Beams, LARS

LARS software will not rate floor beams for shear at this time; however,
Bentley is developing this feature. Manual calculations must be done and
included in the load rating records.

5.10.8.7 Steel Truss Members

If trusses have eye bars that are loose, cracked or gapped, they shall not be
considered effective when calculating a load rating. Eye bars with forged
seams should be noted on the Summary Sheet Comments, but the member
may be considered effective when calculating a load rating.

Truss members may be modeled in LARS by inputting the section properties
calculated manually.

5.10.8.8 Policy for Bracing by Deck

NDOR has established a policy for load rating bridges with longitudinal simple
span steel beams supporting a concrete or timber deck with no or unknown
lateral bracing, and this policy is described in this section. This policy shall
expire January 1, 2012. NDOR will document and monitor those bridges that
have invoked this policy in the load rating of the structure.

In the case where lateral bracing is not present, corrective action by the
Bridge Owner should be completed by installing lateral bracing. The Bridge
Owner can subsequently report the current bracing status and the bridge
shall be rerated based on the installed lateral bracing configuration and
spacing. If the Bridge Owner does not install lateral bracing for the beams by
this policy’'s expiration date, the structure shall be rerated without bracing.
The resulting load rating will very likely be substantially reduced, or may even
cause the bridge to be closed.

In the case where lateral bracing exists, the Bridge Owner shall field verify
the configuration and spacing of lateral bracing, and the bridge shall be
rerated.

This policy is, based on research done by the University of Texas at Austin
conducted in cooperation with the U.S. Department of Transportation,
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Federal Highway Administration entitled "Bracing Effects of Bridge Decks", as
endorsed by the University of Nebraska at Lincoln (UNL) and the National
Bridge Research Organization (NaBRO). The research found that the decks
typically had sufficient stiffness to force the supporting stringers to yield
before buckling. Also, according to section 6.1.4 (6.1.5 in Oct 2003 Edition)
of the AASHTO Manual for Condition Evaluation of Bridges (second edition),
there may be instances in which the behavior of a member under traffic is not
consistent with that predicted by the controlling design specification. In this
situation, deviations from the controlling specifications based on the known
behavior of the members under traffic may be used and should be fully
documented.

NDOR'’s policy is that in the calculation of a load rating, the unbraced length
of simple span steel girders may be reduced by one-half for steel beams
meeting the following requirements. Steel spans not meeting these
requirements shall be rated with the actual unbraced length.

e The bridge is a simple span steel girder design.

e The span length < 40 ft.

e Deck is bearing directly on the top flange at midspan.

o Atleast 4 lines of girders of equal section are present.

e The actual cross section remaining is used in the computation of load
capacity.

e Deck condition code (Item No 58) shall be greater than or equal to 5
(Fair).

e Superstructure condition code (Item No 59) shall be greater than or equal
to 5 (Fair).

When this policy is applied to the load rating of any structure the following
restrictions also apply:

e The moment capacity applied to the final load rating shall be limited to
that of the factored yield moment for determining operating and inventory
levels (i.e. use of plastic section capacity is prohibited).

e The routine inspection interval must be limited to no more than 12
months.

¢ Routine inspections shall include specific comments as to the observed
lateral stability of the girders and verification that all requirements as to
the implementation of this policy are still met (see policy above).

e Appropriate reference to this policy shall be made on the Load Rating
Summary Sheet in the Additional Comments section. An example note
is:

"Based on a thorough review of the mm/dd/yyyy inspection
report, the beam’s unbraced length is reduced by one-half in
accordance with the Bracing by Concrete or Timber Deck
Policy in the calculation of this load rating. A 12-month routine
inspection interval is required until the Owner installs lateral
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bracing. Future inspections shall include specific comments
as to the observed lateral stability of all girders and that all
requirements for implementation of this policy are still
applicable.”

5.10.9 Material-Specific Considerations - Concrete

Load ratings for concrete structures typically can be accomplished with
software for the various types of beam/girder and slab type bridges on
Nebraska Roads. For concrete bridges without plans, see the subsequent
section.

NDOR started to use prestressed bridges in the 1960s. Concrete girder
types on Nebraska bridges would include prestressed concrete AASHTO
girders, NU girders, IT girders and double tee. There are some monolithically
cast concrete girders in use. Slab type bridges include continuous concrete
slabs, pre-cast, nonprestressed slabs, hollow core slabs and continuous,
post-tensioned slabs

Concrete decks shall be rated according to a punching shear analysis. The
rating shall be for the remaining sound concrete. The deck may be assumed
to be unreinforced, unless the amount and condition of deck steel can be field
verified. Temperature and shrinkage reinforcement may be assumed as a
maximum amount of steel present based on the LRE’s judgment.

5.10.10 Material-Specific Considerations - Timber

Timber is a frequently used material in the construction of floor systems of
steel truss type bridges as well as in traditional longitudinal girder applications
in off-system structures. Evaluation of the load capacity of these existing
timber members requires knowledge of the species and grade of the timber
as well as consideration of the effects of any deterioration.

When timber bridge plans are nonexistent, data collection, inspection and
field measurement will be required. In order to establish uniformity in the
evaluation of this material, NDOR has established the following definitions,
policies, guidelines and procedures.

5.10.10.1 Elements to be load rated

Timber decks and stringers must be evaluated for load capacity
and will be load rated if the condition rating is less than 4.

Critical connections of timber bridges shall be evaluated only if the
connections are shown to have deterioration or signs of distress.

Timber substructures shall be evaluated only if the structural
elements are shown to have deterioration or signs of distress.
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5.10.10.2 Timber Unit Weight

The unit weight for timber should be taken as 50 Ibs per cubic
foot.
5.10.10.3 Impact

Impact allowances should follow AASHTO methods and
specifications.

5.10.10.4 Design Stress Values

Design stress values shall be based on species and grade as
given in AASHTO (1996) when known or can be readily
established. In lieu of this information the following values,
including all adjustment factors with the exception of the beam
stability factor C_, may be assumed according to the following:

Rough Sawn or finished lumber

Allowable Stress Inventory Operating
Bending, Fy 1,050 psi 1,450 psi
Shear, F, 65 psi 90 psi

Glulam Girders

Allowable Stress Inventory Operating
Bending, Fy 1,600 psi 2,200 psi
Shear, F, 120 psi 165 psi

5.10.10.5 Timber Decks

Timber decks shall be rated according to an allowable bending
moment capacity analysis and shear analysis based on the
remaining sound timber and the assumed allowable stresses. If
the timber deck condition rating is 4, the need to rate should be
assessed (e.g. in the opinion of the LRE; would it govern the load
rating). If the timber deck condition rating is 3, the deck must be
load rated.

5.10.10.6 Lateral Bracing

Lateral bracing is not included in the evaluation of timber
members as performed by LARS. The engineer performing the
structural evaluation shall check the bracing conditions according
to the AASHTO Guide Specifications except when superseded by
the policy below:

o |If lateral bracing is not present at the points of bearing but at
least two intermediate diaphragms are present, I, shall be
assumed to be equal to maximum of:
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0 The distance between the point of bearing and the first
adjacent intermediate diaphragm; or
o The diaphragm spacing.

¢ If the Deck condition code, Item No. 58 is > 4, the top flange of
stringers may be considered laterally braced by:

o For concrete decks, embedment of the stringer into the
concrete;

o For timber decks, continuous nailing of the planking into
the stringer.

o |If the above two conditions are not met and if lateral
bracing is not present at the points of bearing and one or
no intermediate diaphragms are present the bridge shall
be closed until corrective action is taken.

For purposes of lateral stability analysis E = E' (as defined by
AASHTO) = 1,000,000 psi may be assumed for use in the
computation of wood stiffness, beam stability factor, C., and the
allowable compression in solid timber columns (both round and
square) according to the AASHTO Standard Specifications for
Highway Bridges.

e In no case shall the value of C_ be taken to be greater than
1.0.

e C_ shall be computed at inventory level using F, = 1050 psi.
Bending capacity at operating level shall be calculated by
multiplying the final adjusted inventory capacity by 1.33.

5.10.10.7 Variable Stringer Spacing

In spans with variable stringer spacing, the live load distribution
factors shall be computed based on the maximum average of the
stringer spacing.

5.10.10.8 Variable Material Strengths

In spans with stringers of variable material strengths (i.e. timber
and steel), live load distribution factors shall be proportioned
according to the relative stiffness of the applicable material types.

5.10.10.9 Stringer Condition and Capacity Calculation
5.10.10.9.1  Cracked Stringers

A crack shall be defined as a complete separation of the wood
across the grain; however, the separation must not extend
vertically more than one-fourth the depth of the stringer. See
Figures A and B.
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Shear and bending strength will be rated based on the section
remaining (i.e. according to the effective section depth). Shear
increase factors shall not be applied.

In the event that the separation extends a distance greater than
one fourth the depth of the stringer, the stringer shall be
considered broken. All broken stringers shall be assumed to
have no contribution to capacity. Live load distribution factors of
adjacent interior stringers shall be computed based on the
maximum average of the stringer spacing on either side.

5.10.10.9.2  Split Stringers

A split shall be defined as a complete separation of the wood
fibers parallel to the grain direction. See Figure C.

Splits extending less than % the length of the stringer shall not
be considered to affect member capacity and may be ignored.
Splits extending greater than % the length of the stringer shall
be considered to affect member capacity and shall be analyzed
using the section remaining. The section remaining shall be
understood to have an effective depth equal to the larger of the
depths on either side of the split. Shear increase factors shall not
be applied.

5.10.10.9.3 Checked Stringers

A check shall be defined as a separation of the wood fibers
parallel to the grain direction resulting from stresses set up in
wood during seasoning, and usually extends across the annual
growth rings. See Figure D.

Checks in a stringer may be on either or both sides. Checks shall
not be considered to affect member capacity and may be ignored.
5.10.10.9.4  Shaked Stringers

A shake shall be defined as a separation of the wood fibers
parallel to the grain which occur between the annual growth rings
as a result of the growth in the tree. See Figure E.

Shakes shall not be considered to affect member capacity and
may be ignored.
5.10.10.9.5 Knotted Stringers

A knot shall be defined as a separation of the wood fibers due to
an inner-grown limb and associated grain deviation.
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Knots located in high tensile stress areas (the middle half of
simple spans) shall be considered to affect member bending
capacity according to a section remaining analysis.

5.10.10.9.6  Decay

Shear and bending strength will be rated based on the section
remaining.
5.10.10.9.7 Aging

No adjustment in the allowable stresses for timber is necessary for
reasons of aging alone.

5.10.10.10 Defect modeling

Defect modeling (i.e. section remaining) is not a capability
currently provided for in LARS. Modeling of the effective section
capable of contributing to the resistance of applied loads within
the load rating software will often be a matter of sound
engineering judgment.
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EVALUATING CONDITION OF TMBER MEMBERS
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5.10.10.11 Other

There are a few bridges in Nebraska with atypical materials, including
masonry and aluminum culverts. LREs are to consult with the NDOR Bridge
Inspection Program Manager for load rating these structures.

5.10.11 Load Rating for Bridges without Plans

5.10.11.1 General

Load rating should be determined by calculations based on plans and current
conditions found in inspection reports. Steel and timber bridges without plans
must be field measured to provide the LRE with the dimensional data
necessary to complete the load rating. Field measurement forms are
included in the Appendix.

5.10.11.2 Load Rating Based on Load Testing

There are circumstances when load rating an individual structure by load test
is needed. The Bridge Owner should make this decision on a case-by-case
basis in consultation with a LRE. NDOR, however, believes that it is not
advisable to perform load tests on concrete bridges with no plans.

5.10.11.3 Load Rating Based on Engineering Judgment

There may be cases where a load rating for a structure must be made with
engineering judgment based on data available and the condition of the
structure. The circumstances of the individual structure should be considered
by the Bridge Owner’s in consultation with a LRE.

5.10.11.4 Concrete Decks on Steel Beams

Steel beam bridges with concrete decks that have no plans shall be rated as
though there is no composite action between the steel girders and the deck.

5.10.11.5 Concrete Bridges

The load rating will be an evaluation based on the current inspection of the
structural elements, the following table for concrete structures without plans
and the LRE’s engineering judgment.

The Load Rating Summary Sheet Comment section shall include a statement
by the LRE. An example is:

“This bridge has no existing plans. Based on the inspected
condition of the structural elements, this bridge is deemed to
safely support loads in accordance with the NDOR Bridge Rating
Table for Concrete Bridges with No Existing Plans.”
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NDOR Bridge Load Rating Table for Concrete Bridges without Plans
(Values shown in Tons. This table subject to revision at NDOR discretion.)
Struc- - . HS HS
ture Condition Rating Operating Inventory Type 3 | Type 3S2 Type 3-3
- Good/Fair (Code > 4) 36 26 32 47 55
2 | Poor (Code = 4) 28 20 25 37 43
% Serious, Critical (Code | Evaluate* | Evaluate* | <25 <37 <43
<4)
Good/Fair (Code > 4) 36 26 32 47 55
é = Poor (Code = 4) 28 20 25 37 43
m
o 3 | Serious, Critical (Code | Evaluate* | Evaluate* | <25 <37 <43
00 | <1
Good/Fair (Code > 4) + 99 99 32 47 55
Good/Fair (Code > 4) 36 26 32 47 55
£ | Poor (Code = 4) 28 20 25 37 43
L | serious, Critical (Code | Evaluate* | Evaluate* | <25 <37 <43
a < 4)
@)
Good/Fair (Code > 4) + 99 99 32 47 55
*  These values must be determined by a professional engineer by evaluating the
structure for condition and determining safe loads at which the bridge should be
posted. Posting should be less than state legal loads for this condition rating.
+ For culverts where it is determined live load that has no effect due to the 7’ depth of
overburden. For culverts in poor condition disregard the depth of overburden and
use values in the Poor or Posted condition.

NDOR does not permit any bridge for which plans are not available.
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5.10.12 Steel Culvert Bridges

NDOR recommends load rating steel culvert bridges based on the methodology in the
NCSPA Design Data Sheet No. 19, “Load rating and structural evaluation of in-service,
corrugated steel structures.” Ohio Department of Transportation has developed a
spreadsheet for load rating these structure based on the NCSPA method. This
spreadsheet is available from NDOR. The process is described in the following

flowchart.
I
|
| Steel Culvert Bridges
|
L
Fill greater than ™
YES NO
[ I
Load Rate according to Use conservative ;
{ spreadsheet from Ohio recommendation from
Department of Transportation | industry. Maximum of
Span/8 and 1' ‘
Y
-~
' .//// \\\\.
_~Does it pass with™__
., |—<\\ assumed fill?? /;‘“}---- —
Ohio DOT YES | . L NO
| -
[ \\/./
Use rating of , ‘ Further
Nebraska Legal | | Analysis
Loads Needed
(Operating=1.0) B
J
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5.11 QUALITY CONTROL

Quality Control (QC) is a system of routine technical activities, to measure and control the
quality of the bridge inventory data as it is being developed. The QC system is designed to
include general methods such as accuracy checks on data acquisition and calculations, and the
use of approved standardized procedures for measurement, calculation, recording information
and reporting. An individual of equal or better qualifications than the originator of the product
shall complete Quality Control review on the work product. QC manager/engineer shall:

e See that the QC on a given document, data or calculations is completed by an individual of
equivalent or better qualifications than the originator.

See that the technical activity has followed procedures set by NDOR;

Provide routine and consistent checks for data integrity, correctness and completeness;
Identify and address errors and/or omission;

Record the QC activities.

Consultants providing professional services to Bridge Owners must submit a Quality Control
plan to the Bridge Owner for review and approval. QC must be done on the deliverables prior to
submittal to the Bridge Owner.

5.12 QUALITY ASSURANCE

Quality Assurance (QA) of all activities of the Bridge Inventory will be performed by NDOR or
their selected agent. The QA program activities are described in Chapter 1 of this Manual.

5.13 CHAPTER REVISION HISTORY

Rev Date Description
0 2010 January 25 Initial Issue of Chapter
1 2011 November 01 | Revision 1
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5.14 FORMS

Forms used in completing load ratings that are mentioned in this Chapter are listed below.
Participants and contributors to the Nebraska Bridge Inspection Program are advised to go to
the NDOR Bridge Inspection Program website at http://www.nebraskatransportation.org/
design/bridge/bipm.htm for the current list of applicable forms and the most recent versions of
each form.

Name DR Form Revision
Date
Load Rating Summary Sheet DR465 June 09
Load Rating Summary Sheet Instructions, truck configurations na na
Field Measurement Forms na na

5.15 APPENDIX

Memos and other guidance that may have been issued after the issuance of the current revision
of this Chapter can be found at the NDOR Bridge Inspection Program website at
http://www.nebraskatransportation.org/design/bridge/bipm.htm. Bridge Owners and Load
Rating Engineers are urged to check this site to ensure they have all the most current
information and forms for load rating.

Name Revision Date
NDOR LARS Configuration Settings na
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