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45.1 General

The 1967 collapse of the Silver Bridge in West Virginia prompted the development of the
National Bridge Inspection Standards (NBIS) which require each State Highway Department
of Transportation to inspect, prepare reports, and determine load ratings for bridge structures
on all public roads. Soon after the development of the NBIS, supporting documents, including
the FHWA Bridge Inspector's Reference Manual and the AASHTO Manual for Condition
Evaluation of Bridges were developed to help in implementing these standards.

In 2011, AASHTO released The Manual for Bridge Evaluation (MBE). The manual replaced
the earlier manuals: The Manual for Condition Evaluation and Load and Resistance Factor
Rating (LRFR) of Highway Bridges (AASHTO LRFR) and Manual for Condition Evaluation of
Bridges. Although the manual emphasizes the LRFR method, it also provides rating
procedures for the Load Factor Rating (LFR) and Allowable Stress Rating (ASR)
methodologies. For this reason, it will be the governing manual utilized by WisDOT for load
rating structures.

Bridge load ratings are performed for specific purposes, such as: National Bridge Inventory
(NBI) reporting, overweight permit load checks, bridge rehabilitation, etc. However, the main
purpose of load rating is to determine the safe live load capacity of a structure. It would be
convenient if some simple measure such as gross vehicle weight could be used to determine
a bridge's capacity. However, the actual capacity depends on many factors, such as the
gross vehicle weight, the axle configuration, the distribution of loads between the axles, etc.
It is generally accepted that a bridge that can carry a given load on two axles can carry the
same load or a larger load spread over several axles. Since it is not practical to rate a bridge
for the nearly infinite number of axle configurations of trucks on our highways, bridges are
rated for standard vehicles which are representative of the actual vehicles in use today.
These standard vehicles will be discussed later in this document.

Whenever a bridge on the State Trunk Highway System is not able to safely carry the loads
allowed by State Statute, it is load posted. Current Wisconsin State Statutes allow a gross
vehicle weight of 80,000 pounds while loads up to 170,000 pounds are allowed for annual
permit loads.

The FHWA currently requires that two capacity ratings, referred to as the Inventory Rating
and Operating Rating be submitted with the NBI file. The Inventory Rating is the load level
that a structure can safely sustain for an indefinite period. The Operating Rating is the
absolute maximum permissible load level to which a structure may be subjected. The FHWA
requires that the standard AASHTO HS truck or lane loading be used as the vehicle when
load rating with the Load Factor Rating method (LFR) and the Allowable Stress Rating
(ASR); and that the AASHTO HL-93 loading be utilized as the vehicle when load rating with
the Load and Resistance Factor method (LRFR). A detailed explanation of each method, as
well as a guide for when to utilize each method can be found in Section 45.3.

Bridges being analyzed for staged construction, whether new or rehabilitation, shall satisfy
the requirements of LRFR (or LFR or ASR, if applicable) for each construction stage. Ultilize
the same load factors, resistance factors, load combinations, etc. as required for the final
configuration, unless approved by Chief Structures Development Engineer at WisDOT.
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Note: Bridges shall be load rated for any project that results in a change to the loading. This
requirement includes deck replacements, deck overlays (new overlays, removal of existing
overlays and replacement, polymer overlays, etc.), bridge widenings, superstructure
replacements/moved girders, etc.
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45.2 Bridge Inspections

To determine the strength or load carrying capacity of a bridge, it is necessary to have a
complete description of the bridge. This can include as-built plans, repair records,
photographs, design/rating calculations, and current inspection information. If drawings are
not available or are incomplete, they must be reproduced by means of complete
measurements taken in the field. The present condition can be gathered from recent field
inspection reports.

Inspections of bridges on the State Trunk Highway Network are performed by trained
personnel from the Regional Maintenance Sections utilizing guidelines established in the
latest edition of the WisDOT Structure Inspection Manual. Engineers from the Bureau of
Structures may assist in the inspection of bridges with unique structural problems or when it
is suspected that a reduction in load capacity is warranted. To comply with the National
Bridge Inspection Standards (NBIS), it is required that all bridges on Federal Aid Routes be
routinely inspected at intervals not to exceed two years. More frequent inspections are
performed for bridges which are posted for load capacity or when it is warranted by their
condition. In addition, special inspections such as underwater diving or fracture critical are
performed when applicable.

Inspectors enter inspection information into the Highway Structures Information System
(HSI), an online Bridge Management System developed by WisDOT. This database is used
to create the NBI file and is also the central source for documents such as plans,
maintenance records, design calculations and rating calculations that are critical when
calculating structural ratings.

HSI also supplies a “re-rate flag” on the bridge inspection form that allows the inspector to
schedule a structure for rating analysis if field conditions dictate the need. This flag can be
gueried by owners to obtain a quick list of structures needing analysis at the end of the
inspection cycle. Ratings for State Owned Structures are generally performed by Bureau of
Structures staff. Load Ratings for Local Owners are the responsibility of the owner.

45.2.1 Condition of Bridge Members

The condition and extent of deterioration of structural components of the bridge should be
considered in the computation of the dead load and live load effects for the capacity when
shear or moment is chosen for use in the basic rating equation.

As mentioned above, the rating of an older bridge for its load-carrying capacity should be
based on a current field inspection. All physical features of a bridge which have an effect on
the structural integrity should be examined. The inspector should note any damaged or
deteriorated sections and obtain adequate data on these areas so that their effect can be
properly evaluated in the analysis. Where steel is severely corroded, concrete deteriorated,
or timber decayed, the inspector should make a determination of the loss in a cross-sectional
area as closely as reasonably possible. They should also determine if deep pits, nicks or
other defects exist that may cause stress concentration areas in any structural member.
Lowering load capacities may be necessary if such conditions exist.
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If not otherwise noted in the plans, inspectors should note the size, number, and the relative
location of bolts and rivets through tension members so that the net area of the section can
be calculated. Any misalignment, bends, or kinks in compression members should also be
measured carefully. Such defects will have a great effect on the load-carrying capability of a
member and may be the controlling factor in the load-carrying capacity of the entire structure.
Also, the inspector should examine the connections of compression members carefully to
see if they are detailed such that eccentricities are introduced which must be considered in
the structural analysis.

The effective area of members to be used in the calculations shall be the gross area less that
portion which has deteriorated due to decay or corrosion. The effective area should be
adjusted for rivet or bolt holes in accordance with the AASHTO LRFD Design Specifications
or the AASHTO Standard Specifications, where applicable.
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45.3 Load Rating Methodologies

There are two primary methods of load rating bridge structures that will be utilized by
WisDOT. Both methods are detailed in the AASHTO MBE. They are as follows:

e Load Factor Rating (LFR)
¢ Load and Resistance Factor Rating (LRFR)

LFR has been used since the early 1990's to load rate bridges in Wisconsin. The basic
philosophy behind this method is to assign factors of safety to both dead and live loads.
Loads that are more predictable, such as dead loads, are assigned a lower factor of safety
while loads that are less predictable, such as truck loads, are assigned a higher factor of
safety. The rating is determined such that the effect of the factored loads does not exceed
the strength of the member. LFR shall be utilized on all structures not constructed of timber
in the WisDOT inventory designed with either LFD or ASD and is thoroughly covered in
Section 45.3.3. A detailed description of this method can also be found in MBE [6B].

LRFR employs the same basic principles as LFR for the load factors, but also utilizes
resistance factors to account for uncertainties in member condition, material properties, etc.
This methodology shall be used for all structures designed using Load and Resistance
Factor Design (LRFD). This method is covered in Section 45.3.2. A detailed description of
this method can be found in MBE [6A].

The load rating of timber structures shall follow a third method as follows:
¢ Allowable Stress Rating (ASR)

ASR has been used to load rate timber bridges in Wisconsin and should be used for all
timber structures not designed by Load and Resistance Factor Design. The basic philosophy
behind this method assigns an appropriate factor of safety to the limiting stress of the
material being analyzed. The maximum stress in the member produced by actual loadings is
then checked for sufficiency. This method is covered in Section 45.3.4. A detailed
description of this method can also be found in MBE [6B].

WisDOT policy item:

Rate the bridge using LFR provided it was designed using ASD or LFD, unless it is a timber
structure. There are instances, however, where the LRFR rating of an existing bridge is
beneficial (e.g. There is no M/M, reduction to shear capacity using LRFR, which can affect
longer-span steel bridges). Please contact the BOS Development Section if using LRFR to rate
bridges designed using ASD or LFD. Bridges designed using LRFD must be rated using LRFR.

45.3.1 General Assumptions

The following concepts shall be applied to the load rating of structures in Wisconsin:
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The AASHTO MBE has provisions for LRFR, LFR and ASR and shall be the main
load rating manual for WisDOT. This chapter serves as a supplement to the MBE and
deals primarily with WisDOT exceptions, interpretations, and policy decisions.

Substructures generally do not control the load rating. Therefore, a complete analysis
of the substructure is not required if, in the judgment of the load rating engineer, the
substructure has greater capacity than the superstructure. Scenarios where
substructure element conditions may prompt a load rating include, but are not limited
to:

0 Extensive section loss from corrosion or rot (common in timber and steel piles)

0 Scour, undermining, or settlement which may affect a footing’'s bearing
capacity or a column’s unbraced length

0 Collision/impact damage
0 Substructure components with deterioration and lack of redundancy

Reinforced concrete bridge decks on redundant, multi-girder bridges need not be
rated unless damage, deterioration, or other concerns merit this analysis, as
determined by the judgment of the load rating engineer.

Dead loads shall be distributed as described in 17.2.7 for slabs and 17.2.8 for slab on
girders.

Live loads shall be distributed as described in 17.2.7 or 18.4.5.1 for slabs and 17.2.8
for slab on girders.

When performing a rating on a bridge with a steel superstructure element (deck
girder, floorbeam, or stringer) carrying a concrete deck, the element should be
assumed to have full composite action if it was designed for composite action and it
has shear studs or angles that are spaced at no more than 2’-0" centers.

For continuous girder type bridges, the negative moment steel shall conservatively
consist of only the top mat of steel over the piers.

If there are no plans for a bridge with a steel superstructure carrying a concrete deck,
it shall be assumed to be non-composite for purposes of load rating unless there is
sufficient documentation to prove that it was designed for composite action and that
shear studs or angles were used in the construction.

The governing rating shall be the lesser of the Strength Limit States (strength and
stability, both local and global, provided to resist the specified load combinations that
a bridge is expected to experience in its design life) and/or Service Limit States
(restrictions on stress, deformation, and crack width under regular service conditions)
of the critical component. Note: Prestressed concrete bridges designed during the
1960s and 1970s may not meet current shear capacity requirements. If shear
capacities are determined to be insufficient, the responsible engineer should contact
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the Bureau of Structures Development Section Rating Unit. If the load rating
engineer, utilizing engineering judgment, determines that certain components will not
control the rating, then a full analysis of the non-controlling element is not required.

o For prestressed girder type bridges, elastic gains shall be neglected for a
conservative approach.

45.3.2 Load and Resistance Factor Rating (LRFR) Method

All bridge structures designed utilizing Load and Resistance Factor Design (LRFD) shall be
rated LRFR per the 2011 AASHTO Manual for Bridge Evaluation. The basic rating equation,
per MBE [Equation 6A.4.2.1-1], is:

RE = C —(voc)(DC) — (vow )(BW) £ (vp)(P)
(yo )(LL +1M)

For the Strength Limit States:

C= (I)C(I)S(I)Rn
Where the following lower limit shall apply:
d-.0g =0.85
Where:
RF = Rating factor
C = Capacity
Rn = Nominal member resistance
DC = Dead-load effect due to structural components and attachments
DW = Dead-load effect due to the wearing surface and utilities
P = Permanent loads other than dead loads
LL = Live load effects
IM = Dynamic load allowance
Yoc = LRFR load factor for structural components and attachments
Yow = LRFR load factor for wearing surfaces and utilities
Ye = LRFR load factor for permanent loads other than dead loads = 1.0
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dc = Condition factor
s = System factor
) = LRFR resistance factor

The LRFR methodology is comprised of three distinct procedures:
o Design Load Rating (first level evaluation)
e Legal Load Rating (second level evaluation)
e Permit Load Rating (third level evaluation)

The results of each procedure serve specific uses and also guide the need for further
evaluations to verify bridge safety or serviceability. A flow chart outlining this approach is
shown in Figure 45.3-1. The procedures are structured to be performed in a sequential
manner, as needed, starting with the Design Load Rating. Load rating for AASHTO legal
loads is only required when a bridge fails (RF < 1) the Design Load Rating at the Operating
level.

Note that when designing a new structure, it is required that the rating factor be greater than
one for the HL-93 vehicle at the Inventory Level; therefore, a Legal Load Rating will never be
required on a newly designed structure.

Similarly, only bridges that pass the Legal Load Rating (RF = 1) can be evaluated utilizing
the Permit Load Rating procedures. This level is used for both the Wisconsin Standard
Permit Vehicle Design Check, as discussed in Section 45.6 and for Single Trip permit
evaluation as discussed in Section 45.7.3.
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45.3.2.1 Limit States

Strength | is used for the ultimate capacity of structural members and is the primary limit
state utilized by WisDOT for load rating. Service limit states are utilized to limit stresses,
deformations, and crack widths under regular service conditions and are often considered
optional in load rating calculations. Service limit states checks that are considered optional
are shaded in Table 45.3-1.

45.3.2.2 Load Factors

The load factors for the Design Load Rating shall be taken as shown in Table 45.3-1. The
load factors for the Legal Load Rating shall be taken as shown in Table 45.3-1 and Table
45.3-2. The load factors for the Permit Load Rating shall be taken as shown in Table 45.3-1
and Table 45.3-3. Again, note that the shaded values in Table 45.3-1 indicate optional
checks that are currently not required by WisDOT.

Design Load
_ Limit Dead Dead _ Legal Load | Permit Load
Bridge Type State Load Load Inventory | Operating
DC DW
LL LL LL LL
Steel Strength | 1.25 1.50 1.75 1.35 Table 45.3-2 | Table 45.3-3
ee
Service |l 1.00 1.00 1.30 1.00 1.30 1.00
Reinforced | Strength | 1.25 1.50 1.75 1.35 Table 45.3-2 | Table 45.3-3
Concrete Servicel | 1.00 1.00 - - - 1.00
Strength | 1.25 1.50 1.75 1.35 Table 45.3-2 | Table 45.3-3
Prestressed | Service Il | 1.00 | 1.00 0.80 - 1.00 -
oncrete
Service | 1.00 1.00 -- -- -- 1.00
Timber Strength | 1.25 1.50 1.75 1.35 Table 45.3-2 | Table 45.3-3
Table 45.3-1

Limit States and Load Factors for LRFR

Live Load

Loading Type Factor

AASHTO Legal Vehicles,
State Specific Vehicles, and 1.45
Lane Type Legal Load Models

Specialized Haul Vehicles

(SU4, SUS, SU6, SU7) 1.45

Table 45.3-2
Live Load Factors for Legal Loads in LRFR
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Permit Type Loading Condition Distribution Factor Live Load Factor

Annual Mixed Wlth.NormaI Two or more 1.30

Traffic lanes

. . Mixed with Normal
Single Trip Traffic One Lane 1.20

. , Escorted with no other
Single Trip vehicles on the bridge One Lane 1.10

Table 45.3-3
Permit Load Factors for LRFR

45.3.2.3 Resistance Factors

The resistance factor, ¢, is used to reduce the computed nominal resistance of a structural
element. This factor accounts for variability of material properties, structural dimensions and
workmanship, and uncertainty in prediction of resistance. Resistance factors for concrete and
steel structures are presented in 17.2.6, and resistance factors for timber structures are
presented in MBE [6A.7.3].

45.3.2.4 Condition Factor: ¢c

The condition factor provides a reduction to account for the increased uncertainty in the
resistance of deteriorated members and the likely increased future deterioration of these
members during the period between inspection cycles. Current WisDOT policy is to set this
factor equal to 1.0.

45.3.2.5 System Factor: ¢s

System factors are multipliers applied to the nominal resistance to reflect the level of
redundancy of the complete superstructure system. Bridges that are less redundant will have
their factor member capacities reduced, and, accordingly, will have lower ratings. The aim of
the system factor is to provide reserve capacity for safety of the traveling public. See Table
45.3-4 for WisDOT system factors.

Superstructure Type ds
Welded Members in Two-Girder/Truss/Arch Bridges 0.85
Riveted Members in Two-Girder/Truss/Arch Bridges 0.90
Multiple Eyebar Members in Truss Bridges 0.90
Three-Girder Bridges with Girder Spacing < 6.0 ft 0.85
Four-Girder Bridges with Girder Spacing < 4.0 ft 0.95
All Other Girder and Slab Bridges 1.00
Floorbeam Spacings > 12.0 ft and Non-Continuous Stringers 0.85
Redundant Stringer Subsystems Between Floorbeams 1.00
Table 45.3-4

System Factors for WisDOT
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45.3.2.6 Design Load Rating

The Design Load Rating assesses the performance of bridges utilizing the LRFD design
loading (HL-93). This serves as a screening process to identify bridges that should be load
rated for legal loads. If a structure has a RF = 1.0 at the Operating level for HL-93,
proceeding to the Legal Load Rating is not required. However, the load rating engineer is still
required to rate the Wisconsin Standard Permit Vehicle as shown in Section 45.6. The
Design Load Rating produces Inventory and Operating level rating factors for the HL-93
Loading. The results are used to develop the NBI file. Note that when designing a new
structure, it is required that the RF > 1 at the Inventory Level.

45.3.2.6.1 Design Load Rating Live Load

The LRFD design live load, HL-93, shall be utilized as the rating vehicle. The components of
the HL-93 loading are described in 17.2.4.2.

45.3.2.7 Legal Load Rating
Bridges that do not satisfy the HL-93 Design Load Rating check (RF < 1.0 @ Operating)

should be evaluated for legal loads to determine if posting or strengthening of the structure is
required. For more information on the load posting of bridges, see Section 45.4.

45.3.2.7.1 Legal Load Rating Live Load

The live loads used for Legal Load Rating calculations shall be as described in Section
45.4.1.

45.3.2.7.2 Legal Load Rating Load Posting Equation

When the rating factor (RF) calculated for each legal truck described above is greater than
1.0, the bridge does not need to be posted. When for any legal truck the RF is between 0.3
and 1.0, then the following equation should be used to establish the safe posting load for that
vehicle (see MBE [Equation 6A8.3-1]):

Posting = (\)N—7[(RF)— 0.3]

Where:
RF = Legal load rating factor
W = Weight of the rating vehicle

When the RF for any vehicle type falls below 0.3, then that vehicle type should not be
allowed on the bridge. If necessary, the structure may need to be closed until it can be
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repaired, strengthened, or replaced. This formula is only valid for LRFR load posting
calculations.

45.3.2.8 Permit Load Rating

This level of load rating serves many purposes for WisDOT. First, it is the level of load rating
analysis required for all structures when performing the Wisconsin Standard Permit Vehicle
Design Check as illustrated in Section 45.6. Second, this level is used, whenever necessary,
for issuance of Single Trip permits. As their name indicates, single trip permits are valid for
only one trip. Each single trip permit vehicle is analyzed for every structure it will cross.

45.3.2.8.1 Permit Load Rating Live Load

For any bridge design (new or rehabilitation) or bridge re-rate, the Wisconsin Standard
Permit Vehicle (Wis-SPV) shall be analyzed (Figure 45.6-1). Specifics on this analysis can
be found in Section 45.6.

For specific Single Trip permit applications, the actual truck configuration described in the
permit shall be the live load used to analyze all pertinent structures.

WisDOT policy items:

WisDOT interpretation of MBE [6A.4.5.4.1] is for spans up to 200°-0", only the permit vehicle
shall be considered present in the lane. For spans 200’-0” in length or greater an additional
lane load shall be applied to simulate closely following vehicles. The lane load shall be taken as
0.2 kIf in each lane and shall only be applied to those portions of the span(s) where the loading
effects add to the permit load effects.

Also note, as stated in the footnote of MBE [Table 6A.4.5.4.2a-1], when using a single-lane
LRFD distribution factor, the 1.2 multiple presence factor should be divided out from the
distribution factor equations.

45.3.3 Load Factor Rating (LFR) Method

All bridge structures designed utilizing LFD or ASD, other than timber structures, shall be
rated (possible exception stated in Policy Item under Section 45.3) utilizing LFR per the
AASHTO Manual for Bridge Evaluation (MBE [6B]). The basic rating equation can be found
in MBE [Equation 6B.4.1-1] and is:

Fo C-AD
AL(L+1)
Where:
RF = The rating factor for the live load carrying capacity

C

The capacity of the member
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D = The dead load effect on the member
L = The live load effect on the member

I = The impact factor to be used with the live load effect
A1 = Factor for dead loads

A = Factor for live load

45.3.3.1 Live Loads

Similar to LRFR, there are three potential checks to be made in LFR that are detailed in the
flow chart shown in Figure 45.3-2. For purposes of calculating the Inventory and Operating
rating of the structure, the live load to be used should be the HS20 truck or lane loading as
shown in Figures 17.2-1 and 17.2-3. For conducting the Wisconsin Standard Permit Vehicle
Design Check, use the loading shown in Figure 45.6-1. For determination of postings, refer
to 45.4.1 for the proper posting vehicles.

One important item to note: when rating permit loads for continuous concrete slab bridges of

30’-0” width or more wheel loads are distributed over a width of 12°-0”, which is a simplified
adaptation of the distribution factor in the Ontario Bridge Design Code.

45.3.3.2 Load Factors

See Table 45.3-5 for load factors to be used when rating with the LFR method. The nominal
capacity, C, is the same regardless of the rating level desired.

LFR Live Load Factors
Rating Level Az Az

Inventory 1.3 | 2.17
Operating 1.3 1.3

Table 45.3-5
LFR Live Load Factors
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RFOperating > 1.0

i

R I:Operating] <1.0

v

Wisconsin Standard Permit Vehicle
Design Check per 45.6

Initiate Load Posting and/or Repair/
Rehabilitation
No Permit Vehicles allowed on Bridge

Fiqure 45.3-2

Single Trip Permit Rating

e Structure may be evaluated for
specific Single Trip Permit Vehicles

Load Factor Rating and Allowable Stress Rating Flow Chart
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45.3.4 Allowable Stress Rating (ASR) Method

All timber bridge structures designed utilizing ASD shall be rated utilizing ASR per the
AASHTO Manual for Bridge Evaluation (MBE [6B]). The basic rating equation can be found
in MBE [Equation 6B.4.1-1] and is:

_C-D
L@A+1)
Where:
RF = The rating factor for the live load carrying capacity
C = The capacity of the member
D = The dead load effect on the member
L = The live load effect on the member

I = The impact factor to be used with the live load effect

45.3.4.1 Live Loads

Similar to LRFR and LFR, there are three potential checks to be made in ASR. For purposes
of calculating the Inventory and Operating rating of the structure, the live load to be used
should be the HS20 truck. For conducting the Wisconsin Standard Permit Vehicle Design
Check, use the loading shown in Figure 45.6-1. For determination of postings, refer to 45.4.1
for the proper posting vehicles.
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45.4 Bridge Posting

A bridge should be capable of carrying a minimum gross live load weight of three tons at the
Inventory level. Bridges not capable of carrying a minimum gross live load weight of three
tons at the Operating level must be closed. When deciding whether to close or post a bridge,
consider the volume of traffic, the character of traffic, the likelihood of overweight vehicles
and the enforceability of weight posting.

In certain cases, a concrete bridge need not be posted for restricted loading when it has
been carrying its design level traffic for an appreciable length of time and shows no distress.
This general rule may apply to bridges for which details of the reinforcement are not known
but it should be used with caution. In 1974, the AASHTO Interim Specifications Bridges
made a number of significant changes in the design of reinforced concrete. Load factor
design, bar steel development lengths and elimination of the old bond stress concept were
some of the changes. One reason for these changes was to make sure that an overloaded
concrete structure failed by yielding of the reinforcing in bending and not by a sudden
concrete shear or bond failure. Thus, concrete bridges designed prior to 1974, when
approaching their ultimate loading, may not exhibit a ductile failure (i.e. bending failure).
However, if the load rating engineer chooses not to post, the structure shall be inspected at a
interval not to exceed six months for signs of distress until such time as the bridge is either
strengthened or replaced. In lieu of frequent inspections or posting, a bridge may be load
tested to determine its capacity.

The State Bridge Maintenance Engineer has the authority to post a bridge and must issue
the approval to post any State bridge.

WisDOT policy items:

Multiple lane distribution factors using operating load factors are used for determining bridge
capacities for posting and annual permits for bridge widths 18’-0” or larger. Single lane
distribution factors using operating load factors are used for bridge widths less than 18’-0" and
for single trip permits.

However, for specialized annual permit vehicles in Figure 45.4-3, always use a single lane
distribution factor and an operating load factor, regardless of bridge width.

A bridge is posted for the lowest restricted weight limit of the standard posting vehicles. If the
RF = 1.0 for a given vehicle at the operating level, then a posting will not be required for that
particular vehicle. If the RF < 1.0 for a given vehicle at the operating level, then the bridge
shall be posted. To calculate the capacity, in tons, on a bridge for a given posting vehicle
utilizing LFR, multiply the RF by the gross vehicle weight in tons. To calculate the posting
load for a bridge analyzed with LRFR, refer to 45.3.2.7.2.

Also, for State Trunk Highway Bridges, current WisDOT policy is to post structures with a
Wisconsin Standard Permit Vehicle (Wis-SPV) rating of 120 kips or less utilizing a single lane
distribution factor.
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When the lane-type load model (see Figure 45.4-4) governs the load rating, the equivalent
truck weight for use in calculating a safe load capacity for the bridge shall be taken as 80
kips as is specified in MBE [6A.4.4.4].
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j Indicated concentrations
are axle loads in kips.

*16 *17 *17

' 15'-0" 4'-0"
19-0"

Type 3 Unit Weight = 50 Kips (25 tons)

Ao

{10 *15.5‘1 5.5 ‘15.5*15.5

1 1 I_Oﬂ 4!_0“ 22'_0“ 4!_0“

41 l_0|l

Type 352 Unit Weight = 72 Kips (36 tons)

O

150" 4-0" 15-0" 160" 40"

54'-0"

A

Type 3-3 Unit Weight = 80 Kips (40 tons)

Figure 45.4-1
AASHTO Commercial Vehicles
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Indicated concentrations
are axle loads in kips.
|
O (&) (®) ()
*12 &8 *17 *17
10!_0" E!-OH 41_0“_
18'-0"
Type SU4 Unit Weight = 54 Kips (27 tons)

22I_0I|
Type SUS Unit Weight = 62 Kips (31 tons)

|

*11.5 ‘3 *s ‘17 ‘17 *a

10| Oll _H-O-J-‘i‘ 0"4! M-OIU

26!_0"
Type SUG Unit Weight = 69.5 Kips (34.75 tons)

| N—

*11.5 &8 *a ‘17 ‘17 ‘a ‘8
10! Oll !-0H|4| 0“4I 0H|4 -OII|4I 0“
} 300" ‘
Type SU7 Unit Weight = 77.5 Kips (38.75 tons)

Figure 45.4-2
AASHTO Specialized Hauling Vehicles
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Indicated concentrations
are axle loads in kips.

1 7!_0"

15|_gll

PUP Unit Weight = 98 Kips (49 tons)

‘12 ‘17.2*1 7.2 ‘1 7.2*1 7.2‘1 7.2
L 132 4-2" 25'-3" _4-2"4-2"
i e
50'-11"

Semi Unit Weight = 98 Kips (49 tons)

Figure 45.4-3
WisDOT Specialized Annual Permit Vehicles

45.4.1 Posting Live Loads

The live load to be used in the rating formula for posting considerations should be any of the
three typical AASHTO Commercial Vehicles (Type 3, Type 3S2, Type 3-3) shown in Figure
45.4-1, any of the four AASHTO Specialized Hauling Vehicles (SU4, SU5, SU6, SU7) shown
in Figure 45.4-2, the Wisconsin Standard Permit Vehicle shown in Figure 45.6-1, or in certain
cases the specialized annual permit vehicles shown in Figure 45.4-3.

As stated in MBE [6A.4.4.2.14a], for spans up to 200’, only the vehicle shall be considered
present in the lane for positive moments. It is unnecessary to place more than one vehicle in
a lane for spans up to 200’ because the load factors provided have been modeled for this
possibility. For spans 200’ in length or greater, the AASHTO Type 3-3 truck multiplied by
0.75 shall be analyzed combined with a lane load as shown in Figure 45.4-4. The lane load
shall be taken as 0.2 kiIf in each lane and shall only be applied to those portions of the
span(s) where the loading effects add to the vehicle load effects.
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Also, for negative moments and reactions at interior supports, a lane load of 0.2 kif combined
with two AASHTO Type 3-3 trucks multiplied by 0.75 shall be used. The trucks should be
heading in the same direction and should be separated by 30 ft as shown in Figure 45.4-4.
There are no span length limitations for this negative moment requirement.

Indicated concentrations are axle
loads in kips (75% of type 3-3).

*9 ‘9 9 *12 *10.5 .10.5

HH#HHHHHHH}M}M
A9 oAy
*9 . *9*9 . |1216.-10(:.5| Jms ‘9 . +9*9 . |1216.-10[:.5| *105
i i -0"=I= 40" =|Tj30: .‘”',: a1 5 4,_0“=I= 40" =—T— )
EEEEREEEEERRRREERRRE )

Lane-Type Loading for Negative Moment and Interior Reaction.

Figure 45.4-4
Lane Type Legal Load Models
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45.4.2 Posting Signage

Current WisDOT policy is to post State bridges for only one tonnage capacity. Bridges which
cannot carry the maximum weight for the vehicles described in Section 45.4.1 using
Operating Rating criteria are posted with one of the standard signs, shown in Figure 45.4-5
showing the bridge capacity for the governing vehicle, which should conform to the
requirements of the Wisconsin Manual for Uniform Traffic Control Devices (WMUTCD).

In the past, local bridges were occasionally posted with the signs shown in Figure 45.4-6
using the H20, Type 3 and Type 3S2 vehicles. The H20 represented the two-axle vehicle, the
Type 3 represented the three-axle vehicle and the Type 3S2 represented the combination
vehicle. This practice is not encouraged by WisDOT and is generally not allowed for State
owned structures, except with permission from the State Bridge Engineer.

WEIGHT
LIMIT BRIDGE
10 CLOSED
TONS

Figure 45.4-5
Standard Signs Used for Posting Bridges

WEIGHT LIMIT WEIGHT LIMIT WEIGHT LIMIT
2 AXLE VEHICLES 2 AXLE VEHICLES 2 AXLE VEHICLES
15 TONS 14 TONS 14 TONS
3 AXLE VEHICLES 3 AXLE VEHICLES 3 AXLE VEHICLES
20 TONS 18 TONS 18 TONS
COMBINATION COMBINATION VEHICLES COMBINATION
VEHICLES 28 TONS VEHICLES
30 TONS 28 TONS
Figure 45.4-6

Historic Load Posting Signs
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45.5 Material Strengths and Properties

Material properties shall be as stated in AASHTO MBE or as stated in this chapter. Often
when rating a structure without a complete set of plans, material properties are unknown.
The following section can be used as a guideline for the rating engineer when dealing with
structures with unknown material properties. If necessary, material testing may be needed to
analyze a structure.

45.5.1 Reinforcing Steel

The allowable unit stresses and vyield strengths for reinforcing steel can be found in Table
45.5-1. When the condition of the steel is unknown, they may be used without reduction.
Note that Wisconsin started to use Grade 40 bar steel about 1955-1958; this should be noted
on the plans.

Reinforcing Inventory Operating Minimum Yield
Steel Grade Allowable (psi) | Allowable (psi) Point (psi)
Unknown 18,000 25,000 33,000
Structural 19,800 27,000 36,000
Grade
Grade 40 20,000 28,000 40,000
(Intermediate)
Grade 60 24,000 36,000 60,000
Table 45.5-1

Yield Strength of Reinforcing Steel

45.5.2 Concrete

The following are the maximum allowable unit stresses in concrete in pounds per square inch
(see Table 45.5-2). Note that the “Year Built” column may be used if concrete strength is not
available from the structure plans.
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Inventory Operating Compressive Modular
Year Built Allowable Allowable | Strength (F'c) | "rovio
(psi) (psi) (psi)

Before 1959 1000 1500 2500 12

1959 and later 1400 1900 3500 10

For all non- 1600 2400 4000 8
prestressed slabs

1975 and later

Prestressed girders 2000 3000 5000 6
before 1964 and all
prestressed slabs

1964 and later for 2400 3000 6000 5
prestressed girders

Table 45.5-2

Minimum Compressive Strengths of Concrete

45.5.3 Prestressed Steel Strands

Table 45.5-3 contains values for uncoated Seven-Wire Stressed-Relieved and Low
Relaxation Strands:

Nominal STeOeTE?eIa Yield Breaking
Year Built Grade Diameter of Strength | Strength
of Strand ; .
Strand (In) (In?) (psi) (psi)
Prior To "6
1963 250 (0.438) 0.108 213,000 250,000
Prior To Ya
1963 250 (0.500) 0.144 212,500 250,000
1963 To Ya
Present 270 (0.500) 0.153 229,000 270,000
1973 To 270 Low Y
Present Relaxation (0.500) 0.153 242,500 270,000
1995 to 270 Low 16
Present Relaxation (0.600) 0217 242,500 270,000
Table 45.5-3
Tensile Strength of Prestressing Strands
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The “Year Built” column is for informational purposes only. The actual diameter of strand and
grade should be obtained from the structure plans. If an option is given on the structure plans
to use either stress relieved or low relaxation strand, or /16" or /2" diameter strand, consult
the shop drawings for the new structure to see which option was exercised. If the shop
drawings are not available, assume the option which gives the lowest operating rating was

used.

45.5.4 Structural Steel

The MBE [Table 6B.5.2.1-1] gives allowable stresses for steel based on year of construction

or known type of steel. For newer bridges refer to AASHTO design specifications.

Steel Tvoe AASHTO ASTM Minimum Tensile Minimum Yield
yp Designation | Designation | Strength, Fu (psi) | Strength, Fy (psi)
Built prior
t0 1905 52,000 26,000
1905 to
60,000 30,000
Unknown 1936
Steel 1936 to
1963 33,000
After
1963 36,000
M 94 A7
Carbon Steel (1961) (1967) 60,000 33,000
: M 96 A8
Nickel Steel (1961) (1961) 90,000 55,000
up to 1- M 95 A 94
1/8" thick |  (1961) 75,000 50,000
Silicon 1-1/8" to A 94
Steel 2" thick 72,000 47,000
2" to 4" A94
thick (1966) 70,000 45,000
Low
Alloy Ad41 75,000 50,000
Steel
Table 45.5-4
Minimum Yield Strength Values for Common Steel Types
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45.6 Wisconsin Standard Permit Vehicle Design Check

For any bridge design (new or rehabilitation) or bridge re-rate, the Wisconsin Standard
Permit Vehicle (Wis-SPV) shall be analyzed. For LRFR bridge analysis, the requirements of
Section 45.3.2.8.1 for lane loading shall be considered along with the Wis-SPV, where
applicable.

When performing this design check for the Wis-SPV, the vehicle shall be evaluated for
single-lane (single trip permit) distribution assuming that the vehicle is mixing with normal
traffic and that the full dynamic load allowance is utilized. For this rating, future wearing
surface shall be considered. The engineer shall check to ensure the design (new or
rehabilitation) has a minimum capacity to carry a gross vehicle load of 190 kips. Load
distribution for this check is based on the interior strip or interior girder and the distribution
factors given in 17.2.7, 17.2.8, or 18.4.5.1 where applicable.

If this check fails, then the engineer is required to adjust the design until the bridge can safely
handle a minimum gross vehicle load of 190 kips.

Also note, as stated in the footnote of MBE [Table 6A.4.5.4.2a-1], when using a single-lane
LRFD distribution factor, the 1.2 multiple presence factor should be divided out from the
distribution factor equations.

Indicated concentrations
are axle loads in kips.

1f 216 Z(ie 236 2i8 2i8 2i8 2i8
. 13!_0" .41_0" | 4!_0" 30!_0" 4!_0" 4!_0!! . 4!_0!1
> > e
Fiqure 45.6-1

Wisconsin Standard Permit Vehicle (Wis-SPV)
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45.7 Overweight Trip Permits

45.7.1 General Information

The load effects produced by the Wis-SPV were designed to completely envelope effects
produced by all possible annual permit vehicle configurations. In addition, the Wis-SPV
attempts to represent the truck most frequently used to carry loads requiring a single trip
permit. However, in the case of single trip permits, each bridge on a State route is analyzed
for the vehicle submitted by the trucking company prior to issuance of the specific permit, so
it is not necessary, or feasible, for the Wis-SPV to envelope all possible single trip permit
vehicles.

For overweight trip permit analysis, load distribution is based on the distribution factors given
in 17.2.7, 17.2.8 or 18.4.5.1, where applicable. The analysis is done at the operating rating
level.

45.7.2 Annual Trip Permit Information

Annual permits are only allowable for non-divisible loads such as machines, self-propelled
vehicles, mobile homes, etc. They are usually valid for unlimited trips over the period of one
year. The permit vehicle may mix in the traffic stream and move at normal speeds without
any restrictions. Multi-lane distribution is used in the analysis.

The maximum annual permit weight is 170,000 Ibs. and is subject to the axle weight
limitations specified in Table 45.7-1.

Axle Configuration Load (Pounds)
Single Axle 20,000 (2 Tires)
Single Axle 30,000 (3 Tires)

2-Axle Tandem 55,000

3-Axle Tandem 70,000

4-Axle Tandem 80,000
Table 45.7-1

Allowable Axle Weights for Annual Permits

A tandem axle is considered to be any group of two, three or four axles in which the centers
of successive axles of the group are between 3'-6” and 6’-0". If the spacing between any
combination of single axles or tandem axle groups is less than 18-0” the gross load of the
combinations must be reduced. There is a length limitation of 50’-0” for single vehicles and
75'-0” for vehicle combinations.

Refer to the Division of Motor Vehicles (DMV) website for more information.

http://www.dot.wisconsin.gov/business/carriers/osowgeneral.htm
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45.7.3 Single Trip Permit Information

Non-divisible loads which exceed the annual permit restrictions may be moved by the
issuance of a single trip permit.

When a single trip permit is issued, the applicant is required to indicate on the permit the
origin and destination of the trip and the highways that are to be used. Another permit is
needed for local roads. Each Single Trip Permit vehicle is individually analyzed by WisDOT
for all structures that it encounters on the designated permit route.

The load distribution is based on single lane distribution. This is used because these permit
loads are infrequent and are likely the only heavy loads on the structure during the crossing.
The analysis is done at the operating level.

In special cases the dynamic load allowance (or impact for LFR) may be neglected provided
that the maximum vehicle speed can be reduced to 5 MPH prior to crossing the bridge. Also,
if some cases, the truck may be escorted across the bridge with no other vehicles allowed on
the bridge during the crossing. If this is the case, then the live load factor can be reduced
from 1.20 to 1.10 as shown in Table 45.3-3. It is recommended that the truck be centered on
the bridge if it is being escorted with no other vehicles allowed on the bridge during the
crossing.
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45.8 Load Rating Documentation

45.8.1 Load Rating Summary Sheet

After the structure has been load rated, the WisDOT Bridge Load Rating Summary Form
shall be completed and utilized as a cover sheet for the load rating calculations (see Figure
45.8-1). This form may be obtained from the Bureau of Structures or is available on the
following website:

http://wisconsindot.gov/Pages/doing-bus/eng-consultants/cnslt-rsrces/strct/plan-

submittal.aspx

Note:

The Load Rating Summary Form is not required to be completed and sent in for

concrete box culvert structures.

Instructions for completing the form are as follows:

1.

2.

Check what method was used to rate the bridge in the space provided.

Enter all data for all items corresponding to the vehicle type. Capacities for the
posting vehicles do not have to be calculated if the Operating Rating factor is greater
than 1.0 for the HL-93 (LRFR) or the HS20 (LFR or ASR).

The rating for the Wis-SPV is always required and should be given on the rating
sheet for both a multi-lane distribution and a single-lane distribution. Make sure not
to include the future wearing surface in these calculations. All reported ratings are
based on current conditions and do not reflect future wearing surfaces.

For the Operating Rating, enter the lowest rating for each appropriate vehicle type,
subject to the above requirements.

For the controlling element, make sure to enter the element (slab, deck girder, lower
truss chord, etc.) as well as the check (moment, shear, etc).

Be specific in describing where the controlling rating is located. For example, for
girder bridges, enter the controlling span, girder-line, and location within the span (Ex.
Span 2, G3, midspan).

For the live load distribution factor, enter the distribution factor for the controlling
element. Be sure to specify if it is a shear distribution factor or a moment distribution
factor.

Enter all additional remarks as required to clarify the load capacity calculations and, if
necessary, recommend posting signage.

It is necessary for the responsible engineer to sign and seal the form in the space
provided for projects where the Ratings have changed. However, for rehabilitation
projects with no change to the Ratings, the Load Rating Summary Form does not
need to be signed and sealed.
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45.8.2 Load Rating on Plans

The plans shall contain the following rating information:

Inventory Load Rating — The plans shall have either the HS value of the inventory
rating if using LFR or the rating factor for the HL-93 if using LRFR. This rating shall
be based on the current conditions of the bridge at the point when the construction is
complete and shall not use the future wearing surface. For new concrete box culvert
structures, place a rating factor of 1.05 on the plans. See Section 6.2.2.3.4 for more
information.

Operating Load Rating — The plans shall have either the HS value of the operating
rating if using LFR or the rating factor for the HL-93 if using LRFR. This rating shall
be based on the current conditions of the bridge at the point when the construction is
complete and shall not use the future wearing surface. For new concrete box culvert
structures, place a rating factor of 1.35 on the plans. See Section 6.2.2.3.4 for more
information.

Wis-SPV — The plans shall also contain the results of the Wis-SPV analysis utilizing
single-lane (single trip permit) distribution and assuming that the vehicle is mixing with
normal traffic and that the full dynamic load allowance is utilized. This rating shall be
based on the current conditions of the bridge at the point when the construction is
complete and shall not use the future wearing surface. The recorded rating for this is
the total allowable vehicle weight rounded down to the nearest 10 kips. If the value
exceeds 250 kips, limit the plan value to 250 kips. For new concrete box culvert
structures, place a value of 255 kips for the allowable vehicle weight on the plans.
See Section 6.2.2.3.4 for more information.

Note: The culvert ratings indicated above will be used by BOS as a placeholder until policy
(AASHTO and WisDOT) is determined for rating culverts.
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WISCONSIN DEPARTMENT OF TRANSPORTATION
BRIDGE LOAD RATING SUMMARY

EXISTING BRIDGE DATA {(WHEN APPLICABLE)

Bridge Number:

Last Rating Date:

Span Type:

Last Inspection Date:

Span Material:

Inspector:

Design Loading:

Qverburden Depth:

Inventory Rating:

Section Loss (SL):

Operating Rating:

SL Description:

BRIDGE LOAD RATING SUMMARY

Rating Method: Rating Vehicle: JHL-93 ] HS20 [ | User Defined (Describe in Remarks)
[0 LRFR Rating Factors: Controlling Controlling Live Load
Element Location Distribution Factor
(] LFR Inventory
Qperating
[J  ASR (Timber only)
Wisconsin Standard Permit Vehicle (Wis-SPV)
. Controllin Controllin Live Load
MVW (kips) Elamenlg Ln:m::alicmg Distribution Factor
Posti : Vehicle : : - .
osting Vehicle GVW Operatn:lg Controllln'g Element / Contro!llng ) I_.we_Load

Type * (Kips) Rating (Kips) Controlling Check Location Distribution Factor
Type 3 50
Type 352 72
Type 3-3 80
sSuU4 54
SuUs 652
SuU6 69.5
suU7 775
Intermediary 08
Lumber Pup
Intermediary 08
Lumber Semi

* Posting Vehicle Anaysis (Hun onfy when HL-83 O

TANNG MF =1 0 or whon RS20 Operanng Wr 21.0)

Load Rating Engineer

Remarks / Recommendations:
Name:

Date:

3

PE ‘it Fare

Figure 45.8-1
Bridge Load Rating Summary Form
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45.9 Standard Permit Vehicle Moments

Live Load Moments in Foot-Kips per Wheel Line without Impact
Span Tenth Points
Span
(ert) 0.1 0.2 0.3 0.4 0.5
24 71.5 118.0 155.6 178.3 182.4
28 88.6 149.5 191.6 223.0 228.0
32 104.7 180.5 230.8 260.2 273.6
36 121.2 208.6 271.5 310.3 319.2
40 137.0 240.9 311.8 354.1 364.8
44 154.3 271.0 352.8 398.7 409.1
48 173.1 299.1 390.6 446.2 454.6
52 191.0 333.9 430.1 484.3 498.8
56 202.4 359.3 468.2 534.8 547.1
60 241.3 403.5 507.4 573.7 589.5
64 267.7 455.2 562.6 616.8 636.7
68 301.2 506.5 630.3 678.6 683.6
72 329.3 561.1 697.9 746.3 734.6
76 360.1 611.4 765.0 825.7 796.9
80 390.0 667.2 839.0 909.0 869.5
84 426.5 729.2 916.3 994.3 948.4
88 454.9 778.5 985.5 1071.2 1034.5
92 482.5 834.1 1053.6 1155.2 1117.6
96 517.8 889.3 1119.6 1238.8 1201.7
100 543.9 941.4 1197.7 1321.8 1285.2
104 578.5 996.1 1268.4 1404.6 1375.2
108 603.4 1053.4 1342.2 1479.5 1460.8
112 637.3 1099.1 1415.7 1556.5 1543.5
116 662.7 1159.5 1484.0 1640.2 1625.8
120 694.2 1209.0 1549.5 1721.1 1707.9
124 727.5 1257.6 1614.8 1801.7 1789.6
128 750.0 1316.6 1679.8 1882.0 1871.0
132 782.0 1371.2 1745.7 1962.0 1952.1
136 814.5 1411.0 1822.8 2041.8 2037.4
Table 45.9-1

190 KIP Standard Permit Vehicle Live Load Moments on Longitudinal Girders of One Span
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Live Load Moments in Foot-Kips per Wheel Line without Impact
Span Tenth Points
Span
(F'Zet) 0.3 0.4 0.5 0.6 0.7 1.0
24 131.3 141.0 139.0 128.2 96.4 -104.4
28 162.5 181.2 175.8 153.5 115.5 -146.7
32 197.6 213.7 210.6 184.7 141.8 -207.7
36 235.2 255.2 250.2 221.4 168.8 -260.5
40 268.5 288.5 284.8 254.8 196.1 -315.8
44 306.2 329.6 319.9 284.3 223.6 -364.9
48 343.0 372.1 359.7 314.0 249.4 -408.1
52 377.7 405.9 394.6 351.4 273.6 -445.9
56 416.8 452.1 435.3 386.9 301.5 -479.8
60 452.3 485.3 472.0 416.6 333.5 -510.8
64 485.2 528.6 512.7 454.5 369.5 -537.6
68 545.0 573.8 553.5 506.3 410.8 -561.0
72 599.0 629.3 594.3 553.7 452.5 -584.4
76 663.1 694.2 643.8 613.3 494.8 -602.2
80 731.0 761.9 701.9 670.9 539.8 -623.2
84 800.5 831.9 768.7 738.2 589.5 -639.5
88 864.1 903.3 835.8 802.8 633.2 -655.4
92 926.3 974.1 903.2 865.1 680.4 -670.2
96 988.9 1046.9 980.8 928.1 722.9 -680.2
100 1061.2 1120.6 1059.7 991.5 777.4 -713.5
104 1129.3 1195.7 1138.9 1055.5 825.1 -757.6
108 1202.0 1263.7 1210.4 1118.0 877.4 -799.3
112 1275.3 1334.1 1279.6 1189.6 930.5 -842.1
116 1343.7 1411.6 1349.2 1256.4 979.1 -885.6
120 1410.1 1487.4 1422.1 1321.0 1025.7 -926.9
124 1476.8 1563.6 1500.3 1385.9 1072.7 -967.2
128 1543.7 1640.4 1578.9 1451.0 1120.2 -1008.7
132 1611.1 1717.9 1657.6 1516.7 1168.5 -1050.9
136 1678.8 1795.7 1736.6 1582.7 1224.2 -1092.2
Table 45.9-2

190 KIP Standard Permit Vehicle Live Load Moments on Longitudinal Girders of Two Equal

Length Spans Constant Moment of Inertia
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45.11 Rating Examples

E45-1 Three Span Reinforced Concrete Slab Rating — LRFR
E45-2 Single Span PS I-Girder Bridge Rating — LRFR
E45-3 Two Span PS I-Girder Bridge (Continuity Reinforcement Only) Rating — LRFR

E45-4 Two-Span Continuous Steel Plate Girder Rating - LRFR
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E45-1 Reinforced Concrete Slab Rating Example - LRFR

The 3-span continuous haunched slab structure shown in the Design Example from Chapter 18
is rated below. This same basic procedure is applicable for flat slab structures. The Bureau of
Structures rates concrete slab structures for the Design Load (HL-93) and for Permit Vehicle
Loads on an Interior Strip. The Permit Vehicle may be the Wisconsin Standard Permit Vehicle
(Wis-SPV) or an actual Single-Trip Permit Vehicle. This bridge was analyzed using a slab width
equal to one foot.
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Figure E45-1.2

July 2016 45E1-2



SNy,

a@g WisDOT Bridge Manual Chapter 45 — Bridge Rating
Ry
E45-1.1 Design Criteria
Geometry:
L, :=38.0 ft Span 1 Length
L, :=51.0 ft Span 2 Length
Lz :=38.0 ft Span 3 Length
slabyigih := 42.5 ft  out to out width of slab
skew := 6 deg skew angle (RHF)
Wroadway = 40.0 ft clear roadway width
COVerigp := 2.5 in concrete cover on top bars (includes 1/2in wearing surface)
coverpot := 1.5 in concrete cover on bottom bars
dglap == 17 in slab depth (not including 1/2in wearing surface)
Dhaunch := 28 in haunch depth (not including 1/2in wearing surface)
Ast 0.4L =171 in” Area of longitudinal bottom steel at 0.4L (# 9's at 7in centers)
Ast_pier := 1.88 in” Area of longitudinal top steel at Pier (# 8's at 5in centers)
ft
Material Properties:
fo:=4 Kksi concrete compressive strength
fy := 60 ksi yield strength of reinforcement
Ec := 3800 ksi modulus of elasticity of concrete
Eg := 29000 Kksi modulus of elasticity of reinforcement
n:=38 Es/ Ec (modular ratio)
Weights:
W¢ := 150 pcf concrete unit weight
w_ g := 387 plf weight of Type LF parapet (each)
July 2016 45E1-3
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E45-1.2 Analysis of an Interior Strip - one foot width

Use Strength Limit States to rate the concrete slab bridge. LRFD [6.4.2.2]

The influence of ADTT and skew on force effects are ignored for slab bridges (See 18.3.2.2).

E45-1.2.1 Dead Loads (DC, DW)

The slab dead load, DC_,, and the section properties of the slab, do not include the 1/2 inch
wearing surface. But the 1/2 inch wearing surface load, DC,,5, of 6 psf must be including in the
analysis of the slab. For a one foot slab width:

DCys = 6 1/2 inch wearing surface load, plf

The parapet dead load is uniformly distributed over the full width of the slab when analyzing an
Interior Strip. For a one foot slab width:

WLF

DC =2 —
para slabyigth DCpara = 18 plf

The unfactored dead load moments, My, due to slab dead load (DC,), parapet dead load
(DCpara), and the 1/2 inch wearing surface (DC,) are shown in Chapter 18 Example
(Table E18.4).

The structure was designed for a possible future wearing surface, DW,, 5, of 20 psf.

DWgws = 20 Possible wearing surface, plf

E45-1.2.2 Live Load Distribution (Interior Strip)

Live loads are distributed over an equivalent width, E, as calculated below.
The live loads to be placed on these widths are axle loads (i.e., two lines of wheels) and the full
lane load. The equivalent distribution width applies for both live load moment and shear.

Single - Lane Loading: E = 10.0 + 5.0-(L1-W1)o'5

W
%% < 120— i

Multi - Lane Loading: E=84.0+ 1.44-(L1-W1 N
L

Where:

L, =modified span length taken equal to the lesser of the actual span or 60ft (L, in ft)

W, = modified edge to edge width of bridge taken to be equal to the lesser of the actual
width or 60ft for multi-lane loading, or 30ft for single-lane loading (W, in ft)

W = physical edge to edge width of bridge (W in ft)

July 2016 45E1-4
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N, =number of design lanes as specified in LRFD [3.6.1.1.1]

For single-lane loading:

(Span 1, 3) E:-10.0+5.0-(38-30)>° [E= 178819 in
(Span 2) E:=10.0+5.0-(51.30)>° [E= 205576 | in
For multi-lane loading:
w 425
12.0— = 120222 = 170 in
NL 3
(Span 1, 3) E .- 84.0+1.44.(38425%° [E-141869] in <170" OK.
(Span 2) E:-84.0+144.(51.425%° [E-151.041| in <170" OK.

E45-1.2.3 Nominal Flexural Resistance: (M,,)

The depth of the compressive stress block, (a) is (See 18.3.3.2.1):

As'fs
a=

()Ll'flc'b

where:

A, = area of developed reinforcement at section (in?)
f, = stress in reinforcement (ksi)

fo=4 Kksi

b:=12 in

a1 = 0.85 (for f's <10.0 ksi) LRFD [5.7.2.2]

As shown throughout the Chapter 18 Example, when f is assumed to be equal to fy, and is
used to calculate (a), the value of c/dg will be < 0.6 (for f, = 60 ksi) per LRFD [5.7.2.1]
Therefore the assumption that the reinforcement will yield (fg = fy) is correct. The value for (c)
and (d,) are calculated as:

a
c= —

B1
B1:=0.85

d, = slab depth(excl. 1/2" wearing surface) - bar clearance - 1/2 bar diameter

July 2016 45E1-5



‘!“"‘ I.'.OJ'(%

a@g WisDOT Bridge Manual Chapter 45 — Bridge Rating
Ly

For rectangular sections, the nominal moment resistance, M, (tension reinforcement only)
equals:

a
Mn = Asfy (ds - E)

Minimum Reinforcement Check

All sections throughout the bridge meet minimum reinforcement requirements, because this
was checked in the chapter 18 Design example. Therefore, no adjustment to nominal
resistance (M,)) or moment capacity is required. LRFD [6.5.7]

Maximum Reinforcement Check

The area of reinforcement to be used in calculating nominal resistance (M) or moment

| capacity, shall not exceed the maximum amount permitted in LRFD [5.7.3.3.1], as stated in
LRFR[6.5.6]. This check will be ignored because the article referenced in the LRFD
Specifications, as mentioned above, has been removed.

E45-1.2.4 General Load - Rating Equation (for flexure)
C- (“{Dc)'(MDC) - (“{DW)'(MDW)

AL (MLL_im)
For the Strength Limit State:

C= (‘bc)(d)s)(d)) ‘Rn

RF =

LRFR [6.4.2.1]

where:

Ry = My (for flexure)
(dc)(ds) = 0.85

Factors affecting Capacity (C):

Resistance Factor (¢), for Strength Limit State LRFR [6.5.3]
¢ :=0.9 for flexure (all reinforced concrete section in the Chapter 18

Example were found to be tension-controlled sections as defined
in LRFD [5.7.2.1]).

Condition Factor (¢.) per Chapter 45.3.2.4
d)c =1.0
System Factor (¢,) Per Chapter 45.3.2.5

dg:=1.0 for a slab bridge

July 2016 45E1-6
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E45-1.2.5 Design Load (HL-93) Rating

Use Strength | Limit State to find the Inventory and Operating Ratings LRFR [6.4.2.2, 6.5.4.1]
Equivalent Strip Width (E) and Distribution Factor (DF):

Use the smaller equivalent width (single or multi-lane), when (HL-93) live load is to be
distributed, for Strength | Limit State. Multi-lane loading values will control for this bridge.

The distribution factor, DF, is computed for a slab width equal to one foot.

1
DF = E (where E is in feet)

The multiple presence factor, m, has been included in the equations for distribution width, E,
and therefore is not used to adjust the distribution factor, DF, LRFD [3.6.1.1.2].

Spans 1 & 3:
DF =1/(141"/12) = 0.0851 lanes / ft-slab
Span 2:

DF =1/(151"/12) = 0.0795 lanes / ft-slab

Look at the distribution factor calculated for each span and select the largest value. This
single value is to be applied along the entire length of the bridge.
Therefore use: DF := 0.0851 lanes/ ft-slab for all spans.

Dynamic Load Allowance (IM)

IM:=33 % LRFR [6.4.3.3]

Live Loads (LL)

The live load combinations used for Strength | Limit State are shown in the Chapter 18
Example in Table E18.2 and E18.3. The unfactored moments due to Design Lane, Design
Tandem, Design Truck and 90%{Double Design Truck + Design Lanes] are shown in Chapter
18 Example (Table E18.4).

Rating for Flexure

(dc)(Ps)(®)-Mn = (vpc)-(Mbc) - (vow) (Mpw)

RF =

'YL'(MLL_IM)
Load Factors
~pc = 1.25 Chapter 45 Table 45.3-1
Apw := 1.50 WisDOT policy is to always use 1.50; Chapter 45 Table 45.3-1
~Li = 1.75 (Inventory Rating) Chapter 45 Table 45.3-1
Lo := 1.35 (Operating Rating) Chapter 45 Table 45.3-1
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The Design Load Rating was checked at 0.1 pts. along the structure and at the slab/haunch
intercepts. The governing location, for this example, is in span 1 at the 0.4 pt.

Span 1 (0.4 pt.)

Inventory:

(dc)(Ps)(@)-Mn = (vpc) (Mbpe) - (vow): (Mpw)

! i (ML im)
in2

Asoa =170 - and o085 (forfc<10.0ks)  LRFD[57.22]
dg:=17.0-15-0.6 ds = 14.9 in

_ AstoaLfy

- in
M. = A foldg— 2

ni=Astoarfy|ds— < My = 1399.7 kip —in

Mp = 116.6 kip — ft

Mpc := 18.1kip - ft  (from Chapter 18 Example, Table E18.4)
Mpw := 0.0 kip - ft  (additional wearing surface not for HL-93 rating runs)

The positive live load moment shall be the largest caused by the following (from Chapter 18
Example, Table E18.4):

Design Tandem (+IM) + Design Lane: (37.5 kip-ft + 7.9 kip-ft) = 45.4 kip-ft
Design Truck (+IM) + Design Lane:  (35.4 kip-ft + 7.9 kip-ft) = 43.3 kip-ft

Therefore:

MLL_lI\/l =454 kip —ft

Inventory:
_ (c)(¢s)(9)-Mn - (vpc)-(Mpc) - (vow) (Mpw)
o ’YLi'(MLL_nvl)
Operating:
RFq = (¢c)(9s)(#)-Mn — (voc)-(Mpc) - (vow)- (Mow)

Lo (M |_|__||v|)

RF, = 1.34
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Rating for Shear:

Slab bridge designed for dead load and (HL-93) live load moments in conformance with LRFD
[4.6.2.3] may be considered satisfactory in shear LRFD [5.14.4.1]. This bridge was designed
using this procedure, therefore a shear rating is not required.

The Rating Factors, RF, for Inventory and Operating Rating are shown on the plans and also
on the load rating summary sheet.

E45-1.2.6 Permit Vehicle Load Ratings

For any bridge design (new or rehabilitation) or bridge re-rate, the Wisconsin Standard Permit
Vehicle (Wis-SPV) shall be analyzed (per 45.6).

The bridge shall be analyzed for this vehicle considering both single-lane and multi-lane
distribution. Also, the vehicle will be analyzed assuming it is mixing with other traffic on the
bridge and that full dynamic load allowance is utilized. Future wearing surface will not be
considered.

Since this example is rating a newly designed bridge, and additional check is required. The
designer shall ensure that the results of a single-lane analysis utilizing the future wearing
surface are greater than 190 kips MVW.

Use Strength Il Limit State to find the Permit Vehicle Load Rating LRFR [6.4.2.2, 6.5.4.2.1].
E45-1.2.6.1 Wis-SPV Permit Rating with Single Lane Distribution w/ FWS
Equivalent Strip Width (E) and Distribution Factor (DF)

The equivalent width from single-lane loading is used, when Permit Vehicle live load is to be
distributed, for Strength Il Limit State LRFR [6.4.5.4.2.2].

Calculate the distribution factor, DF, and divide it by (1.20) to remove the effects of the multiple
presence factor (m), which are present in the equation for equivalent width (E) LRFR [6.3.2,
C6.4.5.4.2.2, Table 6-6].

The distribution factor, DF, is computed for a slab width equal to one foot.

1
E-(1.20) (where E is in feet)

Spans 1 &3:
DF = 1/(178"/12)(1.20) = 0.0562 lanes / ft-slab

Span 2:
DF = 1/(205"/12)(1.20) = 0.0488 lanes / ft-slab
Look at the distribution factor calculated for each span and select the largest value.
This single value is to be applied along the entire length of the bridge.
Therefore use: DF := 0.0562 lanes/ ft-slab for all spans.
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Dynamic Load Allowance (IM)
M=33 % LRFR [6.4.5.5]

Rating for Flexure

(dc)(Ps)()-Mn = (vpc)-(Mbc) - (vow) (Mpw)

RF =

'YL'(MLL_IM)
Load Factors
“pc = 1.25 Chapter 45 Table 45.3-1
Apw := 1.50 WisDOT policy is to always use 1.50; Chapter 45 Table 45.3-1
AL = 1.20 WisDOT Policy is to designate the (Wis_SPV) as a "Single-Trip"

vehicle with no escorts. Current policy is to select the value for y_
from Chapter 45 Table 45.3-3

The Maximum Permit Vehicle Load was checked at 0.1 pts. along the structure and at the
slab/haunch intercepts. The governing location is the C/L of Pier.

At C/L of Pier

Permit Vehicle:

(dc)(Ps)()-Mn = (vpc)-(Mbc) - (vow) (Mpw)

RF =
'YL'(MLL_IM)

. 2
Ast pier == 1.88 % and o;:=085 (forfc<10.0ks) LRFD[5.7.2.2]

dg:= 28.0-2.0-05

My, = 226.7 kip — ft

— Ast_pier'fy
“Tanfeb in
a
Mp = Ast_pief'fy'(ds - 5) M, = 27205 kip — in

Mpc := 59.2kip - ft ~ (from Chapter 18 Example, Table E18.4)
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Mpw := 1.5 kip — ft

The live load moment at the C/L of Pier due to the Wisconsin Standard Permit Vehicle
(Wis-SPV) having a gross vehicle load of 190 kips and utilizing single lane distribution is:

MLm= 65.2 kip — ft

Permit:

(dc)(Ps)(®)-Mn = (vpc) (Mbc) - (vow) (Mpw)
'YL‘(MLL_IM)

RFpermit =

The maximum Wisconsin Standard Permit Vehicle (Wis_SPV) load is:

RFpermit (190) = 310 kips  which is > 190k, Check OK

This same procedure used for the (Wis-SPV) can also be used when evaluating the bridge for
an actual "Single-Trip Permit" vehicle.

Rating for Shear:

WisDOT does not rate Permit Vehicles on slab bridges based on shear.

E45-1.2.6.2 Wis-SPV Permit Rating with Single Lane Distribution w/o FWS
Equivalent Strip Width (E) and Distribution Factor (DF)

The equivalent width from single-lane loading is used, when Permit Vehicle live load is to be
distributed, for Strength Il Limit State LRFR [6.4.5.4.2.2].

Calculate the distribution factor, DF, and divide it by (1.20) to remove the effects of the multiple
presence factor (m), which are present in the equation for equivalent width (E) LRFR [6.3.2,
C6.4.5.4.2.2, Table 6-6].

The distribution factor, DF, is computed for a slab width equal to one foot.

1
E-(1.20) (where E is in feet)

Spans 1 &3:
DF = 1/(178"/12)(1.20) = 0.0562 lanes / ft-slab

Span 2:
DF = 1/(205"/12)(1.20) = 0.0488 lanes / ft-slab
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Look at the distribution factor calculated for each span and select the largest value.
This single value is to be applied along the entire length of the bridge.

DF := 0.0562 lanes/ ft-slab for all spans.

Therefore use:

Dynamic Load Allowance (IM)
M=33 % LRFR [6.4.5.5]

Rating for Flexure
(dc)(Ps)(@)-Mn = (vbc) (Mbc) - (vow) (Mpw)
'YL'(MLL_IM)

RF =

Load Factors

“pc = 1.25 Chapter 45 Table 45.3-1

WisDOT Policy is to designate the (Wis_SPV) as a "Single-Trip"
vehicle with no escorts. Current policy is to select the value for y,

from Chapter 45 Table 45.3-3

L= 1.20

The Maximum Permit Vehicle Load was checked at 0.1 pts. along the structure and at the
slab/haunch intercepts. The governing location is the C/L of Pier.

At C/L of Pier

Permit Vehicle:
(dc)(Ps)(@)-Mn = (vbc) (Mbe) - (vow) (Mpw)
'YL'(MLL_IM)

RF =

. 2
n
Ast_pier = 188 ? and

dg = 28.0-2.0-05 Ty n

a; =085 (forfo.<10.0ks) LRFD[5.7.2.2]

o . stpierfy _
" agfeb a=276 in
45E1-12
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a
Mp = ASt_pief'fy(dS - Ej My = 2720.5 kip — in
Mp = 226.7 kip — ft

Mpc := 59.2kip — ft  (from Chapter 18 Example, Table E18.4)

The live load moment at the C/L of Pier due to the Wisconsin Standard Permit Vehicle
(Wis-SPV) having a gross vehicle load of 190 kips and utilizing single lane distribution is:

MLL_H\/I =65.2 kip —ft

Permit:

(dc)(s)(d)-Mn = (vpc)- (Mpe)
"(L'(MLL_IM)

RFpermit =

The maximum Wisconsin Standard Permit Vehicle (Wis_SPV) load is:

This same procedure used for the (Wis-SPV) can also be used when evaluating the bridge for
an actual "Single-Trip Permit" vehicle.

E45-1.2.6.3 Wis-SPV Permit Rating with Multi Lane Distribution w/o FWS

Rating for Flexure
(dc)(ds)(d)-Mn = (vpc)- (Mpc)
'YL‘(MLL_IM)

The capacity of the bridge to carry the Permit Vehicle Load was checked at 0.1 pts. along the
structure and at the slab/haunch intercepts. The governing location is at the C/L of Pier.

RF =

Load Factors

~pc = 1.25 Chapter 45 Table 45.3-1
\pw := 1.50 WisDOT policy is to always use 1.50; Chapter 45 Table 45.3-1
~L == 1.30 WisDOT Policy when analyzing the Wis-SPV as an "Annual Permit"

vehicle with no escorts
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At C/L of Pier

Permit Vehicle:

(dc)(Ps)(d)-Mn = (vpc)-(Mpe)

RFpermit =

AL (MLL_1m)
M, = 226.7  kip —ft (as shown previously)
Mpc =59.2 kip—ft (as shown previously)

The live load moment at the C/L of Pier due to the Wisconsin Permit Vehicle (Wis_SPV) having
a gross vehicle load of 190 kips and a DF of 0.0851 lanes/ft-slab:

MLL_lI\/l = 98.7 kip —ft

(dc)(ds)(d)-Mn = (vpc) (Mpc)
’YL‘(MLL_IM)

RFpermit =

[RFpermit = 1.01

The Wisconsin Standard Permit Vehicle (Wis_SPV) load that can be carried by the bridge is:

E45-1.3 Summary of Rating

Slab - Interior Strip
Design Load Rating Permit Load Rating (kips)
I Legal Load |— -
Limit State Inventory | Operatin Ratin Single DF | Single DF | Multi DF
y | Operating 9 | WFWS | WoFWS |wio FWS
Strength I| Flexure 1.04 1.34 N/A 310 316 190
Senvce | N/A N/A N/A Optional Optional | Optional
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E45-2 Single Span PSG Bridge, LRFD Design, Rating Example - LRFR

The bridge was built in 2007 and has no deterioration. There is no overlay on the structure.

This example will perform the LRFR rating calculations for the bridge that was designed in
Chapter 19 of this manual (E19-1). Though it is necessary to rate both interior and exterior
girders to determine the minimum capacity, the below rating will analyze the interior girder only.

o Type LF
B 40'-0" Clear » .+ Parapet
) ;&' Slab
A 72W
.~ Girder

5 Spa. @ 7'-6" = 37'-6"

E45-2.1 Preliminary Data

L := 146
fo=8

fog =4
fpu =270
dp = 0.6
Ag = 0.217
tg:=8

tge =75
Wy = 0.387
W, := 0.150
Havg =2
w =40
S=75

ng :=6

A

Figure E45-2.1

center to center of bearing, ft

girder concrete strength, ksi

deck concrete strength, ksi

strength of low relaxation strand, ksi

strand diameter, inches

area of strand, in2

slab thickness, in

effective slab thickness (slab thickness - 1/2 in wearing surface), in
weight of Wisconsin Type LF parapet, kif

weight of concrete, kcf

average thickness of haunch, in

clear width of deck, 2 lane road, 3 design lanes, ft

spacing of the girders, ft

number of girders

July 2015
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E45-2.2 Girder Section Properties
72W Girder Properties (46 strands, 8 draped):

by == 48 width of top flange, in

ti =55 avg. thickness of top flange, in
ty = 6.5 thickness of web, in

ty = 13 avg. thickness of bottom flange, in
ht .= 72 height of girder, in

by =30 width of bottom flange, in

Ag =915 area of girder, in2

Ig = 656426 moment of inertia of girder, in4
yt == 37.13 centriod to top fiber, in

Yp = —34.87 centroid to bottom fiber, in

S; = 17680 section modulus for top, in3

Sp = -18825 section modulus for bottom, in3
Wg = 0.953 weight of girder, kif

ns := 46 number of strands

eq = —30.52 centriod to cg strand pattern

_ 5 lse
eg = yt + Z + T
Web Depth: dyy = ht =t -ty

[F <1000

by

'

ht

dy, = 53.50 | in

Epeams = BSOO.W Epeams = 6351 | Eg = Epeamg

Epeams.8 = SSOO'W Epeame.s = 5855 | Ect = Epeams.8
e Ep = Edecka

n= g

Kg = ”'('g + Ag.egz> LRFD [Eq 4.6.2.2.1-1] Kg = 3600866 in4

July 2015
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Yb

Yaz
46 Strands
Figure E45-2.2
Center of Gravity
of Draped Strands
Hold Down
Point e
'
Bottom C
v fof Girder B ! | L
P Y, point (0.25L) | *

Figure E45-2.3

Brin = 20.5 in

Bmax = 23-5 in

Brmin + Bmax

Bavg = > Bavg = 22.0 | in
A= Bavg
slope := | —————|-100 slope = 10.274 | %
(0.25)-L-12
July 2015
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E45-2.3 Composite Girder Section Properties

Calculate the effective flange width in accordance with 17.2.11 and LRFD [4.6.2.6]:

beft = S-12 beff = 90.00 | in

The effective width, b_,, must be adjusted by the modular ratio, n, to convert to the same
concrete material (modulus) as the girder.
beff

beadj = T beadj = 58.46 in

Calculate the composite girder section properties:

| b |

" .

effective slab thickness; |t.., = 7.50 in ‘ —5
effective slab width; beadj = 58.46 | in
haunch thickness; Havg =2.00 in
. ht
total height; he = ht+ Havg +tge
he = 81.50 in
n = 1.540

Note: The area of the concrete haunch is not included in the calculation of the composite
section properties.

Component Ycg A AY AY? | l+AY?

Deck 77.75 438 34089 2650458 2055 2652513
Girder 34.87 915 31906 1112564 656426 1768990
Haunch 73 0 0 0 0 0
Summation 1353 65996 4421503

YA := 1353 in2

SAY = 65996 in3
YlplusAYsq := 4421503  in*

July 2015 45E2-5
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 _ZAY

Yegt = ht + Yegb
ACg =3YA

. 2
'cg = YlIplusAYsq — Acg'ycgb

Icg

Seqt = —=
cgt
g Yegt
I
cg
S -
cgb
g Yegb

E45-2.4 Dead Load Analysis - Interior Girder

Dead load on non-composite (DC,):

weight of 72W girders

weight of 2-in haunch

e (222 (25 e

weight of diaphragms

weight of slab
t
S
Wy = (Ej (S)-(WC)

DCl :=Wg+Wh+WD+Wd

DCy-L
Vbci = >
DCy L2
Mpci1 = 3

Yegt =

Yegb = -48.8

23.2

i

ACg

= 1353

leg

= 1202381 |

cht =

51777

;

in

in

in4

in3

chb =

—24650

5.
w

i i

wy = 0.953

i

Wy, = 0.100

wp = 0.00

Wy = 0.750

DC; = 1.809

<
O
O
Y

|

-

w

N

<
O
@]
RS

N
0
N
o

kif

kif

kif

ksf

kif

kips

kip-ft
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* Dead load on composite (DC,):

weight of single parapet, kif Wy = 0.387 klf

weight of 2 parapets, divided equally to all girders, kif

Wp-2
DCy = —
27 "ng DC, = 0.129 | kif
DCy-L _
Vbc2 = Vpoeo = 9 kips
DCy L2 _
Mpcz = —3 Mpeo = 344 | kip-ft

* Wearing Surface (DW): There is no current wearing surface on this bridge. However, it is
designed for a 20 psf future wearing surface. Thus, it will be used in the calculations for the
Wisconsin Standard Permit Vehicle Design Check, Section 45.6.

w-0.020
W= —— DW = 0.133 kIf
ng
_ DW-L Ki
Vbw = T Vpw = 10 ips
2

DW.: L .
Mpw = —3 Mpy = 355 |  kip-ft

* LRFD [4.6.2.2.1] states that permanent loads on the deck may be distributed uniformly
among the beams. This method is used for the parapet and future wearing surface loads.

E45-2.5 Live Load Analysis - Interior Girder

Live Load Distribution Factors (g)

In accordance with LRFD [Table 4.6.2.2.1-1],
this structure is a Type "K" bridge.

d i
Lrxxl Ll

Distribution factors are in accordance with LRFD [Table 4.6.2.2.2b-1]. For an interior beam,
the distribution factors are shown below:

July 2015 45E2-7
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For one Design Lane Loaded:

04 , 03[ K
s s
12.0-Lrtgg

For Two or More Design Lanes Loaded:
0.6 0.2 K
S S
0.075 + (ﬁj @ R
: 12.0-Lrtgg

E45-2.5.1 Moment Distribution Factors for Interior Beams:

0.1

0.1

One Lane Loaded:

0.1

0.4 0.3 K
S S
gip=006+(—| (2] | —L— i1 = 0435 |
14 L 3
12.0-L-tgg
Two or More Lanes Loaded:
0.1
506 /502 Kg
gjp == 0.075 +| — | — |—_— gjp = 0.636 |
9.5 L 3
12.0-Ltgg
gj = max(gil,giz) g; = 0.636 |

Note: The distribution factors above already have a multiple presence factor included that is
used for service and strength limit states. For permit load analysis utilizing single lane

distribution, the 1.2 multiple presence factor should be divided out.

E45-2.5.2 Shear Distribution Factors for Interior Beams:
One Lane Loaded:

s
Gy1 =036+ gy1 = 0.660

Two or More Lanes Loaded:

2
S S
=02+ —-|— =0.779
v2 12 (35) oz = 0779 |
Oy = maX(ng, gVZ) Oy = 0.779

July 2015
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E45-2.5.3 Live Load Moments

The unfactored live load load moments (per lane including impact) are listed below (values are
in kip-ft). Note that the dynamic load allowance is applied only to the truck portion of the HL-93

loads.
Unfactored Live Load + Impact Moments
per Lane (kip-ft)

Tenth Point Truck Tandem
0 0 0
0.1 1783 1474
0.2 2710 2618
0.3 4100 3431
0.4 4665 3914
0.5 4828 4066

The unfactored live load moments per lane are calculated by applying the appropriate
distribution factor to the controlling moment. For the interior girder:

gj = 0.636

M = g:-4828 ,

E45-2.6 Compute Nominal Flexural Resistance at Midspan

At failure, we can assume that the tendon stress is:

c
fos = fpu[l — k- d—pj

where:

f
k=2 1.04- 2
fou

From LRFD Table [C5.7.3.1.1-1], for low relaxation strands, k := 0.28.
"c" is defined as the distance between the neutral axis and the compression face (inches).

Assumed dimensions:

July 2015 45E2-9
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Figure E45-2.4

Assume that the compression block is in the deck. Calculate the capacity as if it is a
rectangular section (with the compression block in the flange). The neutral axis
location,calculated in accordance with LRFD 5.7.3.1.1 for a rectangular section, is:

A f
c= ps 'pu :
{ pu
Y
where:
Aps = Ns-Ag Aps =998 | in?
b := begf b=9000] in
| LRFD [5.7.2.2] Qg = 0.85 (for f'Cd < 10.0 ksi)
B1 = max[0.85 - (f'cq — 4)-0.05,0.65] By - 0.850
dp =Yt + Hayg + tse — €5 dp =77.15 in
AosTou
. . fou in
aq-fog Brb+ k.ApS.d_
p
a =By n

The calculated value of "a" is greater than the deck thickness. Therefore, the rectangular
assumption is incorrect and the compression block extends into the haunch. Calculate the

neutral axis location and capacity for a flanged section:

h]c = 1ge depth of compression flange in

—
(72
D

Il

.\‘

a1

o

o

by = 48.00 width of top flange, inches

July 2015
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| . Aps fou ~ O‘1““(:d'(b - btf)'hf in
= f —10.

. pu

| - Feg B by + k- Aps 5=
p
a= By n

This is above the base of the haunch (9.5 inches) and nearly to the web of the girder. Assume
OK.
Now calculate the effective tendon stress at ultimate:

Cc

fog = oy | 1 - k= :
S~ u —

ps = 'p ( dpj fps = 259.283 | ksi

Tu = TpsAps T, = 2588 kips

Calculate the nominal moment capacity of the composite section in accordance with LRFD
| 15.7.3.2],[5.7.3.2.2]:

h

a a fll 1

| My = {Aps'fps'(dp - E) + OL1~de-(b - btf)-hf- (E - ?j:|§

M), = 15717 | kip-ft

For prestressed concrete, ¢¢:= 1.00, LRFD [5.5.4.2.1]. Therefore the usable capacity is:

M, = &My, M, = 15717 | kip-ft

Check Minimum Reinforcement
The amount of reinforcement must be sufficient to develop M, equal to the lesser of M, or

1.33 M, per LRFD [5.7.3.3.2]
L = 1.75 DC = 1.250 n:=1.0

Mu := nI}YDC(MDC]. + MDCZ) + ’YLLMLUM] Mu = 11832 k'p'ft

[1.33-Mu = 15737 | Kip-ft

Calculate M, next and compare its value with 1.33 Mu

July 2015 45E2-11
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M, is calculated as follows:

fr = 0.24- [f LRFD [5.4.2.6] :’fr — 0679 ksi
fcpe N + S fcpe =4.414 | ksi

9 b
Mdnc = Mpc1 Mnc = 4820 kip-ft

Sc = ~Scgb Sc = 24650 ksi

Snc = ~Sb Spc = 18825 ksi

Ny =16 flexural cracking variability factor
Np = 1.1 prestress variability factor

N3 = 1.0 for prestressed concrete members

s

1 c .

| Mer= 73'{36(“{1"? +2'fepe) 75 IV'dnc‘(s— - ﬂ Mgy = 10713 | kip-ft
nc

| M, = 10713 kip-ft < 1.33Mu = 15737 , therefore Mer controls

This satisfies the minimum reinforcement check since M_ <M,

Elastic Shortening Loss
at transfer (before ES loss) LRFD [5.9.5.2]

Toj = ns-fy-Ag = 46-202.5.0.217 = 2021 kips

The ES loss estimated above was: AprS_est := 17 ksi, or ES|pss = 7-900 %. The
resulting force in the strands after ES loss:

ES|oss .
Ty = (1 ST Ty Ty = 1862 kips

July 2015
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If we assume all strands are straight we can calculate the initial elastic shortening loss;

To s s ks
fogp = 2 * (To-es)-l— +Mg-12-— fegp = 3-240 si
9 9 9

Ect = 5855 ksi

Ep = Es Ep = 28500 ksi

Ep _

Afpgs = E—Ct-fCglo Afpes = 15.771 | ksi
fi = fyy - AfpES f=186.729 |  ksi

Approximate Estimate of Time Dependant Losses

Calculate the components of the time dependant losses; shrinkage, creep and relaxation, using
the approximate method in accordance with LRFD [5.9.5.3].

fpi'As
AprT = lO.O-—A “Yh Vst T 12.0-vp gt + Af
g PR

From LRFD [Figure 5.4.2.3.3-1], the average annual ambient relative humidity, H := 72 %.

A = 1.7 - 0.01-H ~p = 0.980

’YSt - 1+ f'Ci

Apr .= 2.4 ksifor low relaxation strands

fi Ag'ns .
Afprg = Afgr AfpRg = 2400 | ksi

July 2015 45E2-13
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The total estimated prestress loss (Approximate Method):

Afp
——-100 = 19.549 | % total
fir prestress loss

The remaining stress in the strands and total force in the beam after all losses is:

f — Af fpe =162.91 ksi

p

pe = fir

E45-2.7 Compute Nominal Shear Resistance at First Critical Section

Note: LRFR [6.5.9] does not require a shear evaluation for the Design Load Rating or the
Legal Load Rating provided the bridge shows no visible sign of shear distress. However, for
this example, we will show one iteration for the Design Load Rating.

The shear analysis is always required for Permit Load Rating.

The following will illustrate the calculation at the first critical section only. Due to the variation of
resistances for shear along the length of the prestressed concrete I-beam, it is not certain what
location will govern. Therefore, a systematic evaluation of the shear and the longitudinal yield
criteria based on shear-moment interation should be performed along the length of the beam.

Simplified Procedure for Prestressed and Nonprestressed Sections, LRFD [5.8.3.4.3]

by =ty by = 6.50 in

The critical section for shear is taken at a distance of d, from the face of the support, LRFD
[5.8.3.2].

d, = effective shear depth taken as the distance between the resultants of the tensile and
compressive forces due to flexure. It need not be taken less than the greater of 0.9*d, or
0.72h (inches). LRFD [5.8.2.9]

The first estimate of d,, is calculated as follows:

a .
dy = —eg+Vyi+ Havg + tse — > dy,=7250 | In

July 2015 45E2-14
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However, since there are draped strands for a distance of HD := 49 from the end of the girder,
a revised value of e, should be calculated based on the estimated location of the critical

section. Since the draped strands will raise the center of gravity of the strand group near the
girder end, try a smaller value of "d " and recalculate "e./" and "a".

Try d, :=65 inches.

For the standard bearing pad of width, Wbrg := 8 inches, the distance from the end of the

girder to the critical section:

Whbrg 1
LCfit = (T + deE + 0.5

Leit = 625 | ft

Calculate the eccentricity of the strand group at the critical section.

slope = 10.274
ygt=A+Yp
ygt = 32.130
nsgp == 38

nsq = 8

Find the center of gravity for the 38 straight strands from the bottom of the girder:

' 12-2+12-4 +12-6 + 2-8
Vs = ns
sh

Ys=Yp+Ys

‘ slope
Y8t_crit = Y8t ~ 7 Lerit 12

NSsh'Ys *+ NSq-Ygt_crit

nssb + nsd

€s_crit =

number of undraped strands

number of draped strands

Yg = 4.211 in

yg = -30.659  in

Yat_crit = 2442 | In

es crit = —21.08 | in

Calculation of compression stress block based on revised eccentricity:

dp_crit = ¥t + Havg + tse — €s_crit

dp crit=6771 | in

Note that the area of steel is based on the number of bonded strands.

Aps_crit = (NS)-Ag

_ in2
Aps_crit =9.98 | In

July 2015
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Also, the value of f, , should be revised if the critical section is located less than the

development length from the end of the beam. The development length for a prestressing
strand is calculated in accordance with LRFD [5.11.4.2]:

K:= 1.6 for prestressed members with a depth greater than 24 inches

dp = 0.600 | in
2 .
lg = K.(fps - g'fpe)db lg = 144.6 | in

n

The transfer length may be taken as: ly == 60-dp, ly, = 36.00

Since L 6.250 feet is between the transfer length and the development length, the

crit =
design stress in the prestressing strand is calculated as follows:

Lerit12 - Itr

fpu_crit = foe + T fos ~ fpe) fou_crit = 198 | ks
r

For rectangular section behavior:

Aps_crit‘ fpu_crit

C:= .
fpu_crit in

ag-fegBr-b+kAps crir do o
p_cri

agyit == B1-C acrit = 6.247 | in

Calculation of shear depth based on refined calculations of e, and a:

, Acrit _
dy_crit = ~€s_crit * Yt + Havg * tse — > dy_crit = 64.59 | n

This value matches the assumed
value of d, above. OK!

The nominal shear resistance of the section is calculated as follows, LRFD [5.8.3.3]:

V= min(Vg + Vg + V,0.25-f -by-dy + V)

ps
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where Vp := 0 in the calculation of | if the simplified procedure is used (LRFD [5.8.3.4.3]).

V, = shear force at section due to unfactored dead load and includes both DC and DW (kips)

V, = factored shear force at section due to externally applied loads occurring simultaneously
with M. (kips). (Not necessarily equalto V.)

max

M., = moment causing flexural cracking at section due to externally applied loads (kip-in)
M, .x = maximum factored moment at section due to externally applied loads (kip-in)

M, .. = total unfactored dead load moment acting on the noncomposite section (kip-ft)

dnc

Values for the following moments and shears are at the critical section, L,j; = 6.25 feet from
the end of the girder at the abutment.

Vbcne = 121.7 | kips
Vpce = 8.7 kips
VDWC =9.0 klpS
VILL = VILL_IanegVI VILL =100.5 klpS
Vi = 1.75-Vi| | V; = 175.9 kips
Vd = VDCC + VDCnC + VDWC Vd = 139.3 klpS
Vy = 1.25:(Vpene + Vpee) + 15 Vpwe + 1.75-Vip L |V = 352.2 kips

Mgnc == 730  Kip-ft

M = 837 Kkip-ft

max

However, the equations below require the value of M. to be in kip-in:

M. ., = 10044 | kip-in

max
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f = +
cpe -
p Ag Sb

cpe = 3598 | ks

=
fp = —o.zo-\/f"C LRFD [5.4.2.6] :’fr — 0566 | ksi
Terit = Aps_crit fpe Terit = 1626 kips
Terit Terit ©s_crit :If
Mgnc = 730

S¢ = chb
Shec=Sp
12My
Mcre = Sc‘(‘cr - fcpe - nc]
S
nc
Veip = 0.06-[f-by-dy,
Vi-M
, i"Mcre
Veig = 0.02- [f-by-dy + Vg +
max

Vei = maX(Vcil ) Vci2)

Terit Terit®s_crit Mdne 12
1= + +
Aqg S, St
Terit Terit®s_crit Mdne 12
fy = + +
Ag Sb Sb

ft—1fp

foc = b~ Yegb- ht

Vew = (0.06: [T+ 0.30-fc)-by-dy + Vp_cw

V¢ = min(V, V)

Kip-ft

Mmax = 10044 | Kip-in

= -18825 in3

Mcre = 91171 | Kip-in
Vejp = 71.7 | Kips

Vgip = 1759.7 | kips

ci = 1759.7 kips

Bl

f = 0.334 ksi

fi, = 3.133 ksi

Yegh = —48.78 | in

ht = 72.00 in

—

pc = 1.237 ksi

Vp cw =291 Kips

Vow = 257.5 kips

V. = 257.5 kips

i
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Calculate the shear resistance at L

¢y = 0.9 LRFD [5.5.4.2]
s := 20 in

A, = 0.40 in2 for #4 rebar

fy =60 ksi
dy, = 65.00 in
coth := |1 if Vg < Vew cotd = 1.800
. fpc .
min| 1.0 + 3-——,1.8| otherwise
Jie

Vo= Afod coto LRFD Eq 5.8.3.3-4 reduced per

ST VYRV g C5.8.3.3-1 when o = 90 degrees.

Vg = 140 Kips

an = VC + VS + Vp an = 398 klpS
Vny = 0.25-f-b,,d,, + Vp Vny = 845 kips
V= min(an,Vnz) V,, = 398 kips
Vy = ¢y Vp V, = 358.11 kips

E45-2.8 Longitudinal Tension Flange Capacity:

The total capacity of the tension reinforcing must meet the requirements of LRFD [5.8.3.5].
The capacity is checked at the critical section for shear:

Vy = 1.25:(Vpcy + Vpco) + 1.50-(Vpw) + 1.75-(Vuy )
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V, = 367.320
To = Mmax + Vu 0.5V -V cotd T —711| kips
S = oY Vs T cw |’ S =
p dy O by p_ p

actual capacity of the straight bonded strands:

NSgpAg f

“pu_crit T 1629 Kips

Is the capacity of the straight bonded strands greater

Check the tension Capacity at the edge of the bearing:

The strand is anchored 'px :

prestressing strand are calculated in accordance with LR

than T,.? [check = "OK" |

= 10inches. The transfer and development lengths for a

FD [5.11.4.2]:

I, = 36.00 |in

Since Ipx is less than the transfer length, the design stress in the prestressing strand is

calculated as follows:

The assumed crack plane crosses the centroid of the straight strands at

|le = IpX + Ys-COte YS =4.211 in
_ foelpx'
Pb = "60.d,,

Tendon capacity of the straight bonded strands:

lyy = 17.58 |in

P

fpb = 79.55 kips

”Ssb'As‘fpb = 656 | Kips

The values of V,, V,, V,, and 6 may be taken at the location of the critical section.

Over the length d, the average spacing of the stirrups is:

< _ 6-45+ 3-s
ave -~ 9
coto
Vg = Av'fy'dv' s
ave

The vertical component of the draped strands is:

Save = 9-67 in
Vg = 290 kips
Vp_cw =29 kips
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The factored shear force at the critical section is: Vi crit = 352 kips

E45-2.9 Design Load Rating

At the Strength | Limit State:

(¢¢)(¢s)(®)Rn ~ ¥pc(DC1) ~ 1pw(DW1)
~L(LL + IM)

RF =

Live Load Factors taken from Table 45.3-1

'YL_inV = 1.75 ’YDC = 125 ’YserVLL = 08
L_op = 1.35 ¢c:=1.0 ¢g:=1.0
¢:=1.0 for flexure
$:=09 for shear

For Flexure

Inventory Level
(1(1)(1)(Mn) - b (Mbe + Mpeo)

L inv(MLLIM)

RFMom_Inv =

RFMom_Inv = 1723

Operating Level

(1(1)(1)(Mn) - b (Mbe + Mpeo)

_op' (MLLIM)

RFMom_op =

RF\iom_op = 2233

For Shear at first critical section

Inventory Level
(1)(2)(0.9)(Vn) = vpc(Voene *+ Vbee)

RF =
shear Inv - .
- L inv (ViLL)
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RFshear_Inv = 1.110 |

Operating Level

(1)(2)(0.9)(Vn) = vpc (Voene * Vbee)
YL_op'(ViLL)

RFshear Op = 1439 |

RFshear Op =

At the Service Il Limit State (Inventory Level):

fr = p-(fp)
RF =
servLL(fLLIM)
T = ns-Agfhe kips
T-(e
fpb 3:l+ ( S> fn=4.414 ksi
Ay Sb pb = *

Allowable Tensile Stress

tal = —0.19- [fc i1 tgy| 0.6 ksi ty) = —0.537 ksi

fR = fpp ~ tall fr = 4.951 Ksi

Dead Load Stresses:

Mpc1:12 Mpco12

fp = + :
DL :yz
Sb chb fDL 3.240 ksi

fr = 1.0-(fpy )

servLL (fLLIM)

RF

servicelll =

RFservicelll = 1430 |
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E45-2.10 Legal Load Rating

Since the Operating Design Load Rating RF>1.0, the Legal Load Rating is not required. The
Legal Load computations that follow have been done for illustrative purposes only. Shear
ratings have not been illustrated.

Live Loads used will be the AASHTO Legal Loads per Figure 45.4-1 and AASHTO
Specialized Hauling Vehicles per Figure 45.4-2.

gj = 0.636 |

IM := 33 % * WisDOT does not allow for a dynamic load
allowance reduction based on the smoothness of
the roadway surface. Thus, IM=33%

At the Strength | Limit State:

(¢¢)(s)(@)Rn = ¥pc(DC1) ~ Ypw(PW1)
~L(LL + IM)

RF =

Live Load Factors taken from Tables 45.3-1 and 45.3-2

dg = 1.0 dg = 1.0

¢:=1.0

’YL_LegaI =1.45 ’YDC =1.25

FYL_SU =1.45
For Flexure
RFE — (1)(1)(1)(Mn) - vpc (Mpc1 + Mpc?)
Legal ™ 'YL_LegaI'(MLLIM)
(D(1)(D)(Mn) - ¥pc-(Mpez + Mpcz)
RFSU =

Y_su (MLLim)
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Truck Truck ML MiLim RF Safe Load
AASHTO Type Type Weight [ (per Lane) (M, *M*g) Strength || Capacity | Posting?
(Tons) (ft-kips) ft-kips Flexure (Tons)
. Type 3 25 1671.0 1413.4 4.520 113 No
Commercial
Trucks Type 3S2 36 2150.0 1818.6 3.513 126 No
Type 3-3 40 2260.0 1911.7 3.342 134 No
Specialized sSu4 27 1831.0 1548.8 4.124 111 No
Hauling SU5 31 2062.8 1744.9 3.661 113 No
Vehicles SuU6 34.75 2294.6 1940.9 3.291 114 No
SuU7 38.75 2540.8 2149.2 2.972 115 No

As expected, all rating factors are well above 1.0. However, if any of the rating factors would
have fallen below 1.0, the posting capacity would have been calculated per 45.3.2.7.2:

Posting := (%j[(RF) - 0.3]

E45-2.11 Permit Load Rating

For any bridge design (new or rehabilitation) or bridge re-rate, the Wisconsin Standard Permit
Vehicle (Wis-SPV) shall be analyzed per 45.6.

The bridge shall be analyzed for this vehicle considering both single-lane and multi-lane
distribution. Also, the vehicle will be analyzed assuming it is mixing with other traffic on the
bridge and that full dynamic allowance is utilized. Future wearing surface shall be included.
Since this example is rating a newly designed bridge, an additional check is required. The
designer shall ensure that the results of the single-lane analysis are greater than 190 kips
MVW.

Also, divide out the 1.2 multiple presence factor per LRFR [6.4.5.4.2.2] for the single lane
distribution factor run.

For 146' span:

M190| | := 4930.88 kip-ft per lane

V190 | = 145.08 kips at dy = 65 in

for Strength Limit State

Single Lane Distribution w/ Future Wearing surface (Design check per 45.6)

1
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1
Ov1 = 6605 Ov1 = 0.550

For flexure:

MigoLLim = M190; | -Opmy-1.33 MygoLLim = 2377 | kip-t

[(1)(1) (Mp] - 1.25(Mpcq + Mpcg) - 1.5 (Mpw)

1.2(M1go( 1m)

RF190 moment =

RI:190_moment = 3.060

Wt = RF190 moment 190 Wt =581 | kips >> 190 kips, OK
For shear:
VigoLLim = V190, -gy1-1.33 VigoLLim = 106 | kips

[(1)(2) (0.9)Vp] - 1.25:(Vpene + Vbee) — 1-5(Vow)

1.2(V1g0LLIM)

RF190 shear =

RFlQO_shear = 1.418

Wt := RF190 shear 190 Wt = 269 kips > 190 kips, OK

Single Lane Distribution w/o Future Wearing surface (For plans and rating sheet only)

1
1
Ov1 = 6605 Ov1 = 0.550

For flexure:

MigoLLim = M190; | -Opmy-1.33 MigoLLim = 2377 | Kip-t
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[(D(D) (DMy] - 1.25(Mpcy + Mpco)
1.2(M1go( M)

RF190 moment =

RFlQO_moment = 3.247

Wt:= RF190 moment 190 Wt = 617
For shear:
VigoLLim = V190 -9yy-1.33 VigoLLim = 106 | Kips

[(1)(2) (0.9)Vp] - 1.25(Vpcne + Vbeg)
1.2(V190L L Im)

RF190 shear =

R':190_shear =1.533

Wt = RFlgo Shear-lQO Wt = 291

Multi-Lane Distribution w/o Future Wearing Surface (For plans and rating sheet only)

9Imp = 0.636 O = 0.636 |
gV2 =.779 gV2 =0.779

For flexure:

M1goLLIM = M190; | -gmp1.33 MigoLLim = 4171 | Kip-ft

[(D(D) (DMy] - 1.25(Mpcy + Mpco)
1.3(M1g0L Lim)

RF190 moment =

RFlQO_moment =1.708

Wt = RFlgo moment'lgo Wt = 325

For shear:
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VigoLLim = V190, -gy2-1.33
(1)(1)(0.9V, - 1.25-(Vpene + Vpeg)

1.3(V1goLLim)

RF190 shear =

Wt = RF190 shear 190

E45-2.12 Summary of Rating Factors

VigoLLim = 150 | Kips

I:2':190_shear = 0.999

Interior Girder
- Design Load Rating Legal Load . Permit Lgad Rating (kips) .
Limit State | " o i Ratin Single Lane | Single Lane | Multi Lane
nventory | Operating g W FWS | wioFws | woFws
Flexure 1.723 2.233 N/A 581 617 325
Strength |
Shear 1.11 1.439 N/A 269 291 190
Senice llI 1.43 N/A N/A N/A N/A N/A
Senice | N/A N/A N/A Optional Optional Optional
July 2015 45E2-27
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E45-3 Two Span 54W" Prestressed Girder Bridge - Continuity Reinforcement,
LRFED Design, Rating Example - LRFR

This example will perform the LRFR rating calcualtions for the bridge that was designed in
Chapter 19 of this manual (E19-2). Though it is necessary to rate both the interior and exterior
girders to determine the minimum capacity, this example will analyze the interior girder only in
the negative moment region (continuity reinforcement).

40'-0" Clear

“ ;‘
“ ‘

L L Lk X

5 Spa. @ 7'-6" = 37'-6"

i

el
“

130 ft 130 ft

- [ -

CL Pier —»

! | I I | |
CL Brg. CL Brg. CL Brg.

< Abut. Pier Abut. —»

- =6 T T 6" <

E45-3.1 Design Criteria

L:= 130 center of bearing at abutment to CL pier for each span, ft

|_g .= 130.375 total Ieljgth of the girder (the girder extends 6 inches pa_st the center
of bearing at the abutment and 1.5" short of the center line of the
pier).

wp = 42.5 out to out width of deck, ft

w = 40 clear width of deck, 2 lane road, 3 design lanes, ft

fe:=8 girder concrete strength, Kksi

feqg =4 deck concrete strength, ksi

fy := 60 yield strenght of mild reinforcement, ksi
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Es := 29000 ksi, Modulus of Elasticity of the reinforcing steel

wp = 0.387 weight of Wisconsin Type LF parapet, kif

ts:=8 slab thickness, in

tse := 7.5 effective slab thickness, in

skew =0 skew angle, degrees

we := 0.150 kcf

h:=2 height of haunch, inches

E45-3.2 Modulus of Elasticity of Beam and Deck Material

Based on past experience, the modulus of elasticity for the precast and deck concrete are
given in Chapter 19 as Epeame := 5500 ksi and Egecks := 4125 ksi for concrete strengths of 6

and 4 ksi respectively. The values of E for different concrete strengths are calculated as

follows (ksi):
4/ f'c-1000

Epeams := 5500 |Ebeam8 = 6351

6000 Eg := Epeams
Ep := Edecks
Eg
"R n = 1.540

E45-3.3 Section Properties
54W Girder Properties:

Wi = 48 in

ty = 6.5 in

ht .= 54 in

by := 30 width of bottom flange, in
Ag = 798 in2

lg == 321049 in4

yi = 27.70 in

Yp := —26.30 in
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E45-3.4 Girder Layout

S=75 Girder Spacing, feet
Soh := 2.50 Deck overhang, feet
ng := 6 Number of girders

E45-3.5 Loads

wg = 0.831 weight of 54W girders, kif

wq := 0.100 weight of 8-inch deck slab (interior), ksf

Wh := 0.100 weight of 2-in haunch, kIf

wgj == 0.410 weight of each diaphragm on interior girder (assume 2), kips
Wyys := 0.020 future wearing surface, ksf

wp = 0.387 weight of parapet, kif

E45-3.5.1 Dead Loads
Dead load on non-composite (DC):

interior:
Wi

Wi = Wg + Wg-S + Wh + Z‘T wyii = 1.687 | kif

* Dead load on composite (DC):
2-w
— P _
Wp = n—g Wp =0.129 kIf
* Wearing Surface (DW):

W-Wyys

ng

* LRFD [4.6.2.2.1] states that permanent loads on the deck may be distributed uniformly
among the beams. This method is used for the parapet and future wearing surface loads.
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E45-3.5.2 Live Loads

For Stength 1 and Service 1:

HL-93 loading = truck + lane

truck pair + lane

LRFD [3.6.1.3.1]

DLA of 33% applied to truck or tandem, but not to lane per LRFD [3.6.2.1].

For Fatigue:

HL-93 truck (no lane) with 15% DLA and 30 ft rear axle spacing per LRFD [3.6.1.4.1].

E45-3.6 Load Distribution to Girders

In accordance with LRFD [Table 4.6.2.2.1-1],
this structure is a Type "K" bridge.

T T T T T

Distribution factors are in accordance with LRFD [Table 4.6.2.2.2b-1]. For an interior beam,

the distribution factors are shown below:

For one Design Lane Loaded:

0.4 0.3
S S K

For Two or More Design Lanes Loaded:
0.6 0.2
S S K
0.075 + (Ej (r) R

tse .
€g=Yyi+h+ - eg = 33.45 in

LRFD [Eq 4.6.2.2.1-1]

0.1

0.1

2 .
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Criteria for using distribtion factors - Range of Applicability per LRFD [Table 4.6.2.2.2b-1].

"OK" if 35<S<16

"NG" otherwise

DeckSpan :=

DeckThickness := |"OK" if 4.5<t5 <12

"NG" otherwise

BridgeSpan := |"OK" if 20 <L <240
"NG" otherwise
NoBeams := |"OK" if ng >4
"NG" otherwise
LongitStiffness := |"OK" if 10000 < Kg < 7000000
"NG" otherwise
S DeckSpan 75 "OK"
ts DeckThickness 8.0 "OK"
x:=|L BridgeSpan X = 130.0 "OK"
ng NoBeams 6.0 "OK"
Kg LongitStiffness 1868972.4 "OK"

E45-3.6.1 Distribution Factors for Interior Beams:
One Lane Loaded:

§\04 /5\03 Kg 0.1
= 0.06 + | — J= Y [ — i1 = 0.427
o =008+ (7] ;
12.0-L-tge
Two or More Lanes Loaded:

0.1

5 \06 /5102 Kq
Oip = 0'075+(ﬁ) (fj |— 9z = 0.619

12.0-L-tge

gi := max(gi1. giz)

Note: The distribution factors above already have a multiple lane factor included. For the
Wis-SPV Design Check, the distribution factor for One Lane Loaded should be used and the
1.2 multiple presence factor should be divided out.

July 2015 45E3-6



‘!“"‘ I.'.OJ'(%

a@g WisDOT Bridge Manual

Chapter 45 — Bridge Rating

Yo

E45-3.8 Dead Load Moments

The unfactored dead load moments are listed below (values are in kip-ft):

Unfactored Dead Load Interior Girder Moments, (ft-kips)

Tenth DC DC DW

Point non-composite composite composite
0.5 3548 137 141
0.6 3402 99 102
0.7 2970 39 40
0.8 2254 -43 -45
0.9 1253 -147 -151
1.0 0 -272 -281

The DC_ . values are the component non-composite dead loads and include the weight of the
girder, haunch, diaphragms and the deck.

The DC,_ values are the component composite dead loads and include the weight of the
parapets.

The DW, values are the composite dead loads from the future wearing surface.

Note that the girder dead load moments (a portion of DC_ ) are calculated based on the CL
bearing to CL bearing length. The other DC . moments are calculated based on the span

length (center of bearing at the abutment to centerline of the pier).

E45-3.9 Live Load Moments

July 2015

45E3-7



‘!“"‘ I.'.OJ'(%

a@g WisDOT Bridge Manual Chapter 45 — Bridge Rating
Ly

The unfactored live load load moments (per lane including impact) are listed below (values are
in kip-ft). Note that the impact factor is applied only to the truck portion of the HL-93 loads. A
separate analysis run will be required if results without impact are desired.

Unfactored Live Load + Impact Moments per Lane (kip-ft)
Tenth Truck Truck +
Point Pair Lane
0.5 -- -921
0.6 -- -1106
0.7 -- -1290
0.8 -1524 -1474
0.9 -2046 -1845
1 -3318 -2517

The unfactored live load moments per lane are calculated by applying the appropriate
distribution factor to the controlling moment. For the interior girder:

g = 0.619

ML = gj-—3317.97 M| = —2055 kip-ft

E45-3.10 Composite Girder Section Properties

Calculate the effective flange width in accordance with Chapter 17.2.11.

The effective flange width is calculated as the minimum of the following two values:

We = S-12 We = 90.00 | in

The effective width, w,, must be adjusted by the modular ratio, n = 1.54 , to convert to the
same concrete material (modulus) as the girder.

We

Weadj = " Weadj = 58.46 in
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Calculate the composite girder section properties:

effective slab thickness:; in
effective slab width; Weadj = 58.46 | in

haunch thickness; in

total height; he ;= ht + h + tge

po=G3s0] i

Note: The area of the concrete haunch is not included in the calculation of the composite
section properties.

Component Ycg A AY AY? | l+AY?

Deck 59.75 438  26197| 1565294 2055] 1567349
Girder 26.3 798|  20987| 551969 321049 873018
Haunch 55 0 0 0 0 0
Summation 1236| 47185 2440367

YA = 1236 in?
YAY := 47185 in4

YIplusAYsq := 2440367 in4

—>AY .
= =-38.2 |in
Yegt == ht + Yegb Yegt = 15.8 in

Acg:=XA in?

Deck:
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Se=nNn—mMm .
c ngt +h+ tse SC = 38851 in4

E45-3.11 Flexural Strength Capacity at Pier

All of the continuity reinforcement is placed in the top mat. Therefore the effective depth of the
section at the pier is:

cover:=25 in
baryans == 5 (transverse bar size)

Barp(baryans) = 0.625  in (transverse bar diameter)
Barng = 10

Barp(Baryg) = 1.27 in (Assumed bar size)

BarD(BarNo)

de := ht + h + tg — cover — Barp(baryans) - — d.—6024] in

For flexure in non-prestressed concrete, ¢ := 0.9.
The width of the bottom flange of the girder, b,, = 30.00 inches.

The continuity reinforcement is distributed over the effective flange width calculated earlier,
We = 90.00 inches.

From E19-2, use a longitudinal bar spacing of #4 bars at sjgngjt := 8.5 inches. The continuity
reinforcement is placed at 1/2 of this bar spacing,

#10 bars at 4.25 inch spacing provides an |Aspo, = 3.57 in?/ft, or the total area of steel

provided:

We

As = ASproy — As = 26.80 | in?

12
Calculate the capacity of the section in flexure at the pier:
Check the depth of the compression block:
| og = 0.85 (for f'c <10.0 ksi) LRFD [5.7.2.2]
As-fy i
| = o oot n
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This is approximately equal to the thickness of the bottom flange height of 7.5 inches.

aj 1

M; == o Mp

E45-3.12 Design Load Rating

This design example illustrates the rating checks required at the location of maximum negative
moment. These checks are also required at the locations of continuity bar cut offs but are not
shown here.

At the Strength | Limit State:

ne _ (0c)(¢5)(@)Rn — Yoc(DCa) ~ vpw(DW)
- ~L(LL + IM)

Load Factors taken from Table 45.3-1

'YL_inV = 175 'YDC = 125 'YservLL = 08 d)c = 10 d)s = 10

YL op =135 ~pw =150 ¢ :=0.9 for flexure

For Flexure

Mp = 7544 | kip-ft  [Mpce = 272 | kip-ft M= 2055 | kip-ft

Inventory Level
(dc)(ds)(d)(Mn) — ¥pc (Mpee)

RF =
Mom_inv AL_inv (MLL) [RFmom_iny = 1.793

Operating Level

(dc)(ds)(d)(Mn) — ¥pc (Mpee)

RFMom_op = L op (MLL) |RF|\/|om_Op =2.325

E45-3.13 Permit Load Rating

Check the Wisconsin Standard Permit Vehicle per 45.6
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For a symetric 130" two span structure:

MSPV| | = 2738 Kip-ft per lane (includes Dynamic Load Allowance of 33%)

Per 45.6, for the Wisconsin Standard Permit Vehicle (Wis-SPV) Design Check use single
lane distribution factor assuming a single trip permit vehicle with no escort vehicles and
assuming full dynamic load allowance. Also, divide out the 1.2 multiple presence factor
per LRFR [6.4.5.4.2.2] for the single lane distribution factor only.

Single Lane Distribution
1
- = 0.356
91 =01 1.2

MspvLLiM = (MSPVLL + MLane) 01 |MSPVLLIM = 975 | kip-ft

[(dc)(ds)(d)(Mn]] - 1.25-(Mpce) - 1.5(Mpwe)
1.2(MspyiLim)

Wty = RFspy _m1-190 Wt = 979 | kips >> 190 kips, OK

The rating for the Wis-SPV vehicle is now checked without the Future Wearing Surface.
This value is reported on the plans.

RFspv_m1 = [RFspy_m1 = 5.151

[(c)(ds)(0)(Mn)] - 1.25:(Mpce)
1.2(MspyiLim)

Since this value is greater than 250 kips, 250 kips is reported on the plans and on the
Bridge Load Rating Summary form for the single-lane Permit Load Rating.

RF =

Multi-Lane Distribution
g2 =02 g2 = 0.619

MspvLLIM = MSPV-g2 [MspyLLim = 1696 | Kip-ft
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[(bc)(bs)(d)(Mn)] - 1.25-(Mpce)

RFspv_m2 =

Wity := RFSPV_mZ‘ 190

1.3(MspvLLM)

E45-3.14 Summary of Rating Factors

[RFspy_m2 = 2.925 |

Since this value is greater than 250 kips, 250 kips is reported on the Bridge Load Rating
Summary form for the multi-lane Permit Load Rating.

Interior Girder

July 2015

_ Design Load Rating Legal Load Permit Load Rating (kips)
Limit State - - - -
Inventory | Operating Rating Single Lane Multi-Lane
Strength 1 | Flexure 1.79 2.32 N/A 250 250
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E45-4 Steel Girder Rating Example - LRFR

This example shows rating calculations conforming to the AASHTO Manual for Condition
Evaluation and Load and Resistance Factor Rating (LRFR) of Highway Bridges as
supplemented by the WisDOT Bridge Manual (July 2008). This example will rate the design
example E24-1 contained in the WisDOT Bridge Manual.

E45-4.1 Preliminary Data

An interior plate girder will be rated for this example. The girder was designed to be composite
throughout. There is no overburden on the structure. In addition, inspection reports reveal no
loss of section to any of the main load carrying members.

AP E F P E 5

«— € Bearings : C Bearings
Abutment 1 € Pier Abutment 2 —
- 120'-0” | 120'-0"
§ » >
. 240'-0" R
Legend:

E = Expansion Bearings
F = Fixed Bearings

Figure E45-4.1-1
Span Configuration

46'-10 3/4" Out-to-Out

A

10000 | 120" | 1270 | 10-0" 15 3/8"
~ Shoulder 1‘ Lane | Lane | Shoulder | | (Typ.)
«— Type LF Parapet " . " v E

P e 27778 (Typ) | ||

L‘|=| ? ==

) 1-3"

3'-9" 4 Spaces @ 9'-9" = 39'-0" 3'-9"
e > T j )

Figure E45-4.1-2
Superstructure Cross Section
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¢ Girder (Typ.)
6 Spaces at 20'-0" = 120'-0” .
«— & Bearing Abutment € pier —
Figure E45-4.1-3
Framing Plan
5 1/2" x 1/2” Transverse
Intermediate Stiffeners
(One Side of Web Only - : :
Interior Side of Fascia Girders) Symmetrical about & Pier
(Typ. Unless Noted Otherwise) 10'-0”
(Typ)
” ” ” ” 14” X 2 1/2"
14" x 3/4” Top Flange7 14" x 1 1/4” Top Flangez E Top Flange
54"x 12" XN
/ N Web
g 14” x 7/8” Bottom FlangeA 14" x 1 3/8” Bottom FIangS il 14" x 2 3/4”
— € Bolted Field Splice—— Bottom Flange
84'-0" 20-0"  |16-0"
. 1200 R
«— @ Bearing Abutment ¢ pier —
Bearing Stiffener Bearing Stiffener
(Both Sides of Web) (Both Sides of Web)

Fiqure E45-4.1-4
Interior Plate Girder Elevation
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Nspans = 2 Number of spans

L := 120 ft span length

Skew := 0 deg skew angle

Np:=5 number of girders

S:=9.75 ft girder spacing

Soverhang = 3.75 ft deck overhang

Lp := 240 in cross-frame spacing

Fyw = 50 ksi web yield strength

Fyf := 50 ksi flange yield strength

fo:= 4.0 ksi concrete 28-day compressive strength

fy == 60 ksi reinforcement strength

Es := 29000 ksi modulus of elasticity

tgeck := 9.0 in total deck thickness

ts = 8.5 in effective deck thickness when 1/2" future wearing surface

is removed from total deck thickness

ws := 0.490 kcf steel density LRFD[Table 3.5.1-1]

we := 0.150 kcf concrete density LRFD[Table 3.5.1-1 & C3.5.1]

Whisc = 0.030 kip/ft additional miscellaneous dead load (per girder)

per17.2.4.1

Wpar = 0.387 kip/ft parapet weight (each)

Wiys := 0.00 kcf future wearing surface is not used in rating analysis

Wdeck := 46.5 ft deck width

Wroadway ‘= 44.0 ft roadway width

dhaunch := 3.75 in haunch depth (from top of web for design)

(for construction, the haunch is measured from the top of
the top flange)

July 2015 A5E4-4
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Fiqure E45-4.1-5

Composite Cross Section at Location of Maximum Positive Moment (0.4L)
(Note: 1/2" Intergral Wearing Surface has been removed for structural calcs.)
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Figure E45-4.1-6

Composite Cross Section at Location of Maximum Negative Moment over Pier

D:=54 in
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E45-4.2 Compute Section Properties

Since the superstructure is composite, several sets of section properties must be computed
LRFD [6.10.1.1]. The initial dead loads (or the noncomposite dead loads) are applied to the
girder-only section. For permanent loads assumed to be applied to the long-term composite
section, the long-term modular ratio of 3n is used to transform the concrete deck area LRFD
[6.10.1.1.1b]. For transient loads assumed applied to the short-term composite section, the
short-term modular ratio of n is used to transform the concrete deck area.

The modular ratio, n, is computed as follows:

Es
n = —
Ec
Where
E. = Modulus of elasticity of steel (ksi)
E. = Modulus of elasticity of concrete (ksi)
Es = 29000.00 ksi LRFD [6.4.1]
E.= 33000-Kl-(wclf’)-\/TC LRFD [C5.4.2.4]
Where:
K, = Correction factor for source of aggregate to be taken as
1.0 unless determined by physical test, and as approved
by the authority of jurisdiction
W, = Unit weight of concrete (kcf)
f'. = Specified compressive strength of concrete (ksi)
we = 0.15 kcf LRFD [Table 3.5.1-1 & C3.5.1]
fc=4.00 ksi LRFD [Table 5.4.2.1-1 & 5.4.2.1]
Ky :=1.0 LRFD [5.4.2.4]

Ec = 33000-K1-(WC1'5)~\/fTC ksi

E
ne=— n-76 LRFD [6.10.1.1.1b]
EC
Therefore, use: n:=38

July 2015 45E4-6
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The effective flange width is computed as follows .

For interior beams, the effective flange width is calculated as per LRFD [4.6.2.6]:

1. 12.0 times the average thickness of the slab, plus the greater of web thickness or one-half
the width of the top flange of the girder:

12'ts+E This is no longer a valid
criteria, however it has been
beifz = 12 left in place to avoid changing beff2 = 9.08 ft

the entire example at this time.

2. The average spacing of adjacent beams:

bet3 = S beft3 = 9.75 ft

Therefore, the effective flange width is:

Peffflange = min(beff2> beffB) |beffflange =9.08 | ft

or

[Peffflange- 12 = 109.00 | in

For this design example, the slab haunch is 3.5 inches throughout the length of the bridge.
That is, the bottom of the slab is located 3.5 inches above the top of the web The area of the
haunch is conservatively not considered in the section properties for this example.

Based on the plate sizes shown in Figure E453.1-4, the noncomposite and composite section
properties for the positive moment region are computed as shown in the following table. The
distance to the centroid is measured from the bottom of the girder.

July 2015 45E4-7
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Positive Moment Region Section Properties
Section Area, A |Centroid, d| A*d lo Ary? ltotal
(Inches?| (Inches) [(inches®)|ancheshl(ncheshlnches®
Girder only:
Top flange 10.500 55.250 580.1 0.5 8441.1 | 8441.6
Web 27.000 27.875 752.6 6561.0 25.8 6586.8
Bottom flange | 12.250 0.438 5.4 0.8 8576.1 | 8576.9
Total 49.750 26.897 1338.1 | 6562.3 | 17043.0 | 23605.3
Composite (3n):
Girder 49.750 26.897 1338.1 | 23605.3 | 12293.9 | 35899.2
Slab 38.604 62.875 2427.2 232.4 15843.4 | 16075.8
Total 88.354 42.617 3765.3 | 23837.7 | 28137.3 | 51975.0
Composite (n):
Girder 49.750 26.897 1338.1 | 23605.3 | 31511.0 | 55116.2
Slab 115.813 62.875 7281.7 697.3 | 13536.3 | 14233.6
Total 165.563 52.064 8619.8 | 24302.5 | 45047.3 | 69349.8
Section ybotgdr ytopgdr Ytopslab Sbotgdr Stopgdr Stopslab
(Inches) [ (Inches) |(Inches) [(Inches®|(nches®|(nches®
Girder only 26.897 28.728 877.6 821.7
Composite (3n) 42.617 13.008 24.508 1219.6 3995.5 2120.7
Composite (n) 52.064 3.561 15.061 1332.0 | 19474.0 | 4604.5

Table E45-4.2-1
Positive Moment Region Section Properties

Similarly, the noncomposite and composite section properties for the negative moment region
are computed as shown in the following table. The distance to the centroid is measured from
the bottom of the girder LRFD [6.6.1.2.1, 6.10.5.1, 6.10.4.2.1].

For the strength limit state, since the deck concrete is in tension in the negative moment
region, the deck reinforcing steel contributes to the composite section properties and the deck
concrete does not. However, per 45.3.1, only the top longitudinal mat of steel is used for rating
purposes. Per the design example, the amount of longitudinal steel within the effective slab

area is 6.39 in2. This number will be used for the calculations below.

July 2015 45E4-8
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Negative Moment Region Section Properties
Section Area, A |Centroid, d| A*d lo Ary? lotal
(Inches?| (Inches) |(inches®)|anchesYlinches®|nches®
Girder only:
Top flange 35.000 58.000 2030.0 18.2 30009.7 | 30027.9
Web 27.000 29.750 803.3 6561.0 28.7 6589.7
Bottom flange 38.500 1.375 52.9 24.3 28784.7 | 28809.0
Total 100.500 28.718 2886.2 | 6603.5 | 58823.1 | 65426.6
Composite (deck concrete using 3n):
Girder 100.500 28.718 2886.2 | 65426.6 | 10049.0 | 75475.6
Slab 38.604 64.750 2499.6 232.4 | 26161.1 | 26393.5
Total 139.104 38.718 5385.8 | 65659.0 | 36210.1 | 101869.2
Composite (deck concrete using n):
Girder 100.500 28.718 2886.2 | 65426.6 | 37401.0 | 102827.7
Slab 115.813 64.750 7498.9 697.3 | 32455.9 | 33153.2
Total 216.313 48.009 10385.0 | 66123.9 | 69857.0 [ 135980.9
Composite (deck reinforcement only):
Girder 100.500 28.718 2886.2 | 65426.6 | 466.3 | 65892.9
Deck reinf. 6.390 64.750 413.8 0.0 7333.8 | 7333.8
Total 106.890 30.872 3299.9 | 65426.6 | 7800.1 | 73226.7
Section ybotgdr ytopgdr Ydeck Sbotgdr Stopgdr Sdeck
(Inches) | (Inches) |(Inches) |(Inches®|dnches®|(nches®)
Girder only 28.718 30.532 2278.2 | 2142.9
Composite (3n) 38.718 20.532 30.282 | 2631.1 | 4961.4 | 3364.0
Composite (n) 48.009 11.241 20.991 | 2832.4 | 12097.4 | 6478.2
Composite (rebar) | 30.872 28.378 33.878 | 2371.9 | 2580.4 | 2161.5

Table E45-4.2-3
Negative Moment Region Section Properties

July 2015 A5E4-9
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E45-4.3 Dead Load Analysis - Interior Girder

Dead Load Components

Resisted by

Type of Load Factor

DC

DW

Noncomposite
section

Composite
section

Steel girder

Concrete deck
Concrete haunch
Stay-in-place deck
forms

e Misc. (including cross-

frames, stiffeners, etc.)

e Concrete parapets

e Future wearing
surface & utilities

Table E45-4.3-1

Dead Load Components

COMPONENTS AND ATTACHMENTS: DC1 (NON-COMPOSITE)

GIRDER:

DECK:

For the steel girder, the dead load per unit length varies due to the
change in plate sizes. The moments and shears due to the weight of
the steel girder can be computed using readily available analysis
software. Since the actual plate sizes are entered as input, the
moments and shears are computed based on the actual, varying plate

sizes.

For the concrete deck, the dead load per unit length for an interior

girder is computed as follows:

we = 0.150 kcf
S=9.75 ft
tgeck = 9.00 in
DLgeck = WS- t(lezck DLgeck = 1.097 kip/ft
July 2015 45E4-10
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HAUNCH:

For the concrete haunch, the dead load per unit length varies due to
the change in top flange plate sizes. The moments and shears due
to the weight of the concrete haunch can be computed using readily
available analysis software. Since the top flange plate sizes are
entered as input, the moments and shears due to the concrete
haunch are computed based on the actual, varying haunch
thickness.

MISC:
For the miscellaneous dead load (including cross-frames, stiffeners,

and other miscellaneous structural steel), the dead load per unit
length is assumed to be as follows (17.2.4.1):

COMPONENTS AND ATTACHMENTS: DC2 (COMPOSITE)

PARAPET:

For the concrete parapets, the dead load per unit length is computed
as follows, assuming that the superimposed dead load of the two
parapets is distributed uniformly among all of the girders LRFD

[4.6.2.2.1]:
Np =5
Wpar 2
par .

Np

WEARING SURFACE: DW (COMPOSITE)

FUTURE WEARING SURFACE:
For this example, no future wearing surface will be used.
Since the plate girder and its section properties are not uniform over the entire length of the
bridge, an analysis software was used to compute the dead load moments and shears.
The following two tables present the unfactored dead load moments and shears, as computed

by an analysis computer program. Since the bridge is symmetrical, the moments and shears in
Span 2 are symmetrical to those in Span 1.

July 2015 45E4-11
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E45-4.4 Compute Live Load Distribution Factors for Interior Girder

The live load distribution factors for an interior girder are computed as follows LRFD

[4.6.2.2.2]:

First, the longitudinal stiffness parameter, Kg» must be computed LRFD [4.6.2.2.1]:

kg = {1 + Aeg?)

Where:

= Moment of inertia of beam (in4)

= Area of stringer, beam, or girder (in2)

= Distance between the centers of gravity of the basic beam
and deck (in)

Longitudinal Stiffness Parameter, K

Region A Region B Region C|Weighted
(Pos. Mom.)| (Intermediate)| (At Pier) |Average *
Length (Feet) 84 20 16
n 8 8 8
| (Inches®) 23,605.3 34,639.8 65,426.6
A (Inches?) 49.750 63.750 100.500
eg (Inches) 35.978 35.777 36.032
Kg (Inches?) 704,020 929,915 1,567,250 856,767

Table E45-4.4-1

Longitudinal Stiffness Parameter

After the longitudinal stiffness parameter is computed, LRFD [Table 4.6.2.2.1-1] is used to find
the letter corresponding with the superstructure cross section. The letter corresponding with
the superstructure cross section in this design example is "a."

If the superstructure cross section does not correspond with any of the cross sections

illustrated in LRFD [Table 4.6.2.2.1-1], then the bridge should be analyzed as presented in

LRFD [4.6.3].

Based on cross section "a", LRFD [Table 4.6.2.2.2b-1 & Table 4.6.2.2.2.3a-1] are used to
compute the distribution factors for moment and shear, respectively.

For the 0.4L point:

Kg = 856766.65

L =120 ft

in4

July 2015
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For one design lane loaded, the distribution of live load per lane for moment in interior beams
is as follows LRFD [4.6.2.2.2b-1]:

g 006+(S)0.4(S)0.3 Kq
m1 = 0. — |t |/
1) AL 200t

0.1

9m1 = 0.466 lanes

For two or more design lanes loaded, the distribution of live load per lane for moment in interiot
beams is as follows LRFD [Table 4.6.2.2.2b-1]:

Coors (S 06/6\02( K,
Om2 = 0. 95

L 120048

0.1

9m2 = 0.688 lanes

The live load distribution factors for shear for an interior girder are computed in a similar
manner. The range of applicability is similar to that for moment LRFD [Table 4.6.2.2.3a-1].

For one design lane loaded, the distribution of live load per lane for shear in interior beams is
as follows:

S
Oy1 = 0.36 + 50 gy1 = 0.750 lanes

For two or more design lanes loaded, the distribution of live load per lane for shear in interior
beams is as follows:

g 0.2+ > ( S jz.o g 0.935 lanes
w=02+ (3
12 35

Since this bridge has no skew, the skew correction factor does not need to be considered for
this design example LRFD [4.6.2.2.2e & 4.6.2.2.3c].

July 2015 45E4-15
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The live load values for HL-93 loading, as presented in the previous table, are computed based
on the product of the live load effect per lane and live load distribution factor. These values
also include the effects of dynamic load allowance. However, it is important to note that the
dynamic load allowance is applied only to the design truck or tandem. The dynamic load
allowance is not applied to pedestrian loads or to the design lane load LRFD [3.6.1, 3.6.2,
4.6.2.2].

Two sections will be checked for illustrative purposes. First, the ratings will be performed for
the location of maximum positive moment, which is at 0.4L in Span 1. Second, the ratings will
be performed for the location of maximum negative moment and maximum shear, which is at tt
pier.

The following are for the location of maximum positive moment, which is at 0.4L in Span 1, as
shown in Figure E453.4-1.

Symmetrical about @ Pier——»;
|
L
o <+—— Location of Maximum
0.4L = 48-0 Positive Moment
J L = 120-0" -
<«— € Bearing Abutment C Pier —»!

Figure E45-4.4-1
Location of Maximum Positive Moment
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E45-4.5 Compute Plastic Moment Capacity - Positive Moment Region

For composite sections, the plastic moment, Mo, is calculated as the first moment of plastic
forces about the plastic neutral axis LRFD [Appendix D6.1].

bs
|3 .
PIaStiC I ] L tc _> PC
Neutral b
Axis < c
tw

| | ko —> P
by

Figure E45-4.5-1
Computation of Plastic Moment Capacity for Positive Bending Sections

For the tension flange:

Pt= Fyr bttt
Where:
Fot = Specified minimum yield strength of a tension flange (ksi)
b, = Full width of the tension flange (in)
t, = Thickness of tension flange (in)
Fyt :== 50 ksi
by = 14 in
t; .= 0.875 in
Pt:= Fyr bt kips
For the web:

July 2015 45E4-18
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Where:
Fow = Specified minimum yield strength of a web (ksi)
D = 54.00 in
tw = 0.50 in

For the compression flange:

Pc=
C .h.t
Where:
Fye = Specified minimum yield strength of a compression flange
(ksi)
b, = Full width of the compression flange (in)
t. = Thickness of compression flange (in)
bc = 14 In
tc:= 0.75 in
For the slab:
Ps = O-85'flc' bs‘ ts
Where:
b = Effective width of concrete deck (in)
t, = Thickness of concrete deck (in)
fe=4.00 ksi
bg := 109 in
ts = 8.50 in

PS = 0.85‘flc'bs'ts PS = 3150 klps

The forces in the longitudinal reinforcement may be conservatively neglected in regions of

July 2015 45E4-19
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positive flexure.

Check the location of the plastic neutral axis, as follows:

P+ Py = 1963 kips [Pc + Ps = 3675 | kips
Pi+ Py + Pc = 2488  Kips Ps = 3150 kips

Therefore, the plastic neutral axis is located within the slab LRFD [Table D6.1-1].

Y = (tg) | ———— Y=6.71 in
Ps

Check that the position of the plastic neutral axis, as computed above, results in an equilibrium
condition in which there is no net axial force.

Compression := 0.85-f¢-bgY |Compression = 2487 | kips

Tension = Py + Py, + Pg [Tension = 2488 | kips  OK

The plastic moment, Mp, is computed as follows, where d is the distance from an element force
(or element neutral axis) to the plastic neutral axis LRFD [Table D6.1-1]:

te .

Mp =

Mp = 7643 Kip/ft

D .
tt
dt::E+D+3.75+ts—Y di = 59.98 in
Y2.Pq
= Mp = 7643 |

12

E45-4.6 Determine if Section is Compact or Noncompact - Positive Moment Region

Since the section is in a straight bridge, the next step in the design process is to determine if
the section is compact or noncompact. This, in turn, will determine which formulae should be
used to compute the flexural capacity of the girder.

If the specified minimum yield strengths of the flanges do not exceed 70.0 ksi and the girder
does not have longitudinal stiffeners, then the first step is to check the compact-section web
slenderness provisions, as follows LRFD [6.10.6.2.2]:

2-D E
P 376 [—
tyy Fyc

Where:

Dep = Depth of web in compression at the plastic moment (in)
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Since the plastic neutral axis is located within the slab,
Dcp = 0 |n
Therefore the web is deemed compact. Since this is a composite section in positive flexure anc
there are no holes in the tension flange at this section, the flexural resistance is computed as
defined by the composite compact-section positive flexural resistance provisions of LRFD
[6.10.7.1.2].
E45-4.7 Flexural Resistance of Composite Section - Positive Moment Region

Since the section was determined to be compact, and since it is a composite section in the
positive moment region with no holes in the tension flange, the flexural resistance is computed
in accordance with LRFD [6.10.7.1.2].

Mp_0.4L= 1.3-Rp-My

Where:

R, = Hybrid factor
M, = Yield Moment (kip-in)

All design sections of this girder are homogenous. That is, the same structural steel is used for
the top flange, the web, and the bottom flange. Therefore, the hybrid factor, R,, is as follows

LRFD [6.10.1.10.1]:
Rp:=1.0
The yield moment, M,, is computed as follows LRFD [Appendix D6.2.2]:
Mp1 Mp2 Map

Fy= + +
SnNe SuT Sst

Where:
Mp, = Bending moment caused by the factored permanent load
applied before the concrete deck has hardened or is
made composite (kip-in)

Sye = Noncomposite elastic section modulus (in3)

Mp, = Bending moment caused by the factored permanent load
applied to the long-term composite section (kip-in)

St = Long-term composite elastic section modulus (in3)
M,p, =Additional bending moment that must be applied to the
short-term composite section to cause nominal yielding in

either steel flange (kip-in)

Sqr = Short-term composite elastic section modulus (in3)
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My= MD1+ MD2+ MAD

Mp1 = [1-25‘(Mgirder + Mdeck + Mmisc)] kip-ft
Mpg := (1.25-Mpc2) kip-ft

For the bottom flange:

SNC_pos = 87763

in3
SLT_pOS = 121960 in3
SST_pOS = 133201 in3

SST pos Mp1 Mp2 .
Map := —3 Fy- 144 — — Map = 3272 Kip-ft

12 SNC_pos SLT_pos

12° 12°

Mybot = MDl + MDZ + MAD Mybot = 4821 kip-ft

For the top flange:

SNC_pos_top = 82167 in3
SLT_pos_top = 399547 in3

SST_pos_top = 1947397 in3

SST pos_top Mp1 Mp2 .
Map == —————| Fy-144 - - Map = 47658 | kip-ft
123 SNC_pos_top SLT_pos_top
123 128
Mytop := Mp1 + Mp2 + Map [Mytop = 49207 | Kip-ft

The yield moment, My, is the lesser value computed for both flanges. Therefore, M, is
determined as follows LRFD [Appendix D6.2.2]:

My := min(Mypot, Mytop) kip-ft

Therefore, for the positive moment region of this design example, the nominal flexural
resistance is computed as follows LRFD [6.10.7.1.2]:

Dp < 0.1D

July 2015

45E4-22



‘!“"‘ I.'.OJ'(%

a@g WisDOT Bridge Manual Chapter 45 — Bridge Rating
Ly

Di:= 0.875 + 54 + .75+ 8 D; = 63.63 in
0.1.D;=6.36 | <D,

Therefore

D
Mn_0.4L = Mp'(l.O? — 0.7'Hp) |Mn_0.4|_ = 7614 | kip-ft
t

Since this is neither a simple span nor a continuous span where the span and the sections in
the negative-flexure region over the interior supports satisfy the special conditions outlined at
the end of LRFD[6.10.7.1.2], the nominal flexural resistance of the section must not exceed the
following:

Mn_0.4L == 1.3-Rp-My [Mn_o.4L = 6267 kip-ft

The ductility requirement is checked as follows LRFD [6.10.7.3]:
Dp < 0.42D¢

Where:

D = Distance from top of the concrete deck to the neutral axis
of the composite section at the plastic moment (in)

D, = Total depth of the composite section (in)

[0.42-Dy = 26.72 | in OK

The factored flexural resistance, M,, is computed as follows (note that since there is no
curvature, skew and wind load is not considered under the Strength | load combination, the
flange lateral bending stress is taken as zero in this case LRFD [6.10.7.1.1]:

1
My + = (0) < bMp

Where:

M = Moment due to the factored loads (kip-in)

M = Nominal flexural resistance of a section (kip-in)

o5 = 1.00

My = ¢f‘Mn_0.4L M, = 6267 Kip-ft

E45-4.8 Design Load Rating @ 0.4L

_ O dsMn 0.4 - Ypc(DC)
) ~L(LLIM)

RF
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Where:
Load Factors per Table 45.3-1 Resistance Factors
Linv == 1.75 ¢:=10 LRFR[6.7.3]
YLop = 1.35 bc:=1.0 perd53.24
Ypc = 1.25 bg:=1.0 per4d53.25
Mpc1 = Mgirder + Mdeck + Mmisc Mpci = 1102.07  ft - kips
MLm= ML Mium = 1916.55 ft — Kips

A. Strength Limit State

Inventory
¢ dc ds'Mn_0.4L — YDCcMbce1 — YpeMpe2
ALinv (MLLIM)

RFinv_0.4L =
RFinv_0.4L = 1.41
Operating

¢ dc ds'Mn_0.4L — YDc-Mbc1 — YpeMpe2
YLop (MLLIM)

RFop_0.4L :
B. Service Il Limit State

fr - Yo (fp)

RF =
AL (fLiim)

Allowable Flange Stress per LRFD 6.10.5.2

fr= 0.95Rp-Rp-Fy

Checking only the tension flange as compression flanges typically do not control for
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composite sections.

Rp =1.0 For tension flanges

Rp:=1.0 For non-hybrid sections

fr := 0.95-Rp-Rp-Fy
fr = 47.50 ksi

fo = fpoc1 + foe2

Mpc1-12 Mpco-12
fD = +
SNC_pos SLT_pos

fo = 16.42 ksi
MLLim-12

flum = ——
SST_pos

flum = 17.27 ksi

Load Factors Per Table 45.3-1
“p = 1.0

Lin == 1.3 Inventory

YLop = 1.0 Operating

Inventory
frR—pfD
RFinv_0.4L_service = ————
in-fLLim
RFinv_0.4L_service =1.38
Operating
frR—p'D
RFop_0.4L_service -
YLop fLLIM

RFOp_0.4L_service = 1.80
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E45-4.9 Check Section Proportion Limits - Negative Moment Region

Now the specification checks are repeated for the location of maximum negative moment, whicl
is at the pier, as shown in Figure 24E1.17-1. This is also the location of maximum shear in this

case.

Symmetrical about € Pier—»,

—

L =120-0"

Location of Maximum

Negative Moment —»

| I

«— € Bearing Abutment

Figure E45-4.9-1

C Pier —»

Location of Maximum Negative Moment

Several checks are required to ensure that the proportions of the girder section are within

specified limits LRFD [6.10.2].

The first section proportion check relates to the web slenderness LRFD [6.10.2.1]. For a

section without longitudinal stiffeners, the web must be proportioned such that:

D
— <150
tw

D
— =108.00
tw

OK

The second set of section proportion checks relate to the general proportions of the section
LRFD [6.10.2.2]. The compression and tension flanges must be proportioned such that:

by
— <120
2-t

bf := 14

tf := 2.50

o|o

— =280

— =9.00

1.1ty = 0.55

IOUN

OK
in OK
in OK
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IyC

0.1< X <10
275147
e 12
~ 250.14°
AT

Iyt = 571.67 in“

|
Y€ _1.100 OK

E45-4.10 Compute Plastic Moment Capacity - Negative Moment Region

For composite sections, the plastic moment, Mp, is calculated as the first moment of plastic forces about

the plastic neutral axis LRFD [Appendix D6.1]. For composite sections in negative flexure, the concrete
deck is ignored and the longitudinal deck reinforcement is included in the computation of Mp.

The plastic force in the tension flange, P,, is calculated as follows:

t; == 2.50 in

Pt = Fyt' bt' tt

The plastic force in the web, P, is calculated as follows:

The plastic force in the compression flange, P, is calculated as follows:

PC = ch bc'tc

The plastic force in the top layer of longitudinal deck reinforcement, P, used to compute the

plastic moment is calculated as follows:

Pre=
E AL
Where:
Fyn
Ar‘[

= Specified minimum yield strength of the top layer of
longitudinal concrete deck reinforcement (ksi)

= Area of the top layer of longitudinal reinforcement within

the effective concrete deck width (in2)
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beffflange‘12 .

The plastic force in the bottom layer of longitudinal deck reinforcement, P, used to compute
the plastic moment is calculated as follows (WisDOT Palicy is to ignore bottom mat steel)

Prb = Fyrb Arb

Where:
Form = Specified minimum yield strength of the bottom layer of
longitudinal concrete deck reinforcement (ksi)
A, = Area of the bottom layer of longitudinal reinforcement
within the effective concrete deck width (in2)
bef“fflange'12
Ap =0 — A = 0.00 in2
Prb = Arb Fyrb Pip=0 kips

NOTE: For continuous girder type bridges, the negative moment steel shall conservatively
consist of only the top mat of steel over the piers per 45.3.1

Check the location of the plastic neutral axis, as follows:

[Pc + Py = 3275 | kips

[Pt+Prp + Py=2134 |  kips

[Pc + Py + Py = 5025 | kips

[Pib + Pre = 384 | kips

Therefore the plastic neutral axis is located within the web LRFD [Appendix Table D6.1-2].

D

Pc - Pi— Pri— Prp .
Y = (E)( ¢ 5 T +1j Y = 22.83 in
w

Although it will be shown in the next design step that this section qualifies as a nonslender web
section at the strength limit state, the optional provisions of Appendix A to LRFD [6] are not
employed in this example. Thus, the plastic moment is not used to compute the flexural
resistance and therefore does not need to be computed.

E45-4.11 Determine if Section is a Compact-Web, Noncompact-Web, or Slender-Web
Section - Negative Moment Region
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Since the section is in a straight bridge, the next step is to determine if the section is a
compact-web, noncompact-web, or slender-web section. This, in turn, will determine which
formulae should be used to compute the flexural capacity of the girder.

Where the specified minimum yield strengths of the flanges do not exceed 70.0 ksi and the
girder does not have longitudinal stiffeners, then the first step is to check the noncompact-web
slenderness limit, as follows LRFD [6.10.6.2.3]:

<57 [—
tyy Fyc

At sections in negative flexure, D, of the composite section consisting of the steel section plus
the longitudinal reinforcement is to be used at the strength limit state.

D¢ = 30.872 - 2.75 (see Figure 24E1.2-1 and Table 24E1.3-2)
D¢ = 28.12 in

|
[EEN
[N
N
(631

tw

Es
5.7 |— =137.3

The section is a nonslender web section (i.e. either a compact-web or noncompact-web
section). Next, check:

3
2.75-14 :
— = = _ 4
lye = —5 lyc = 628.83 in
3
2.5-14 :
— _ 4
= —7>5 lyt = 571.67 in
— =110 |>03 OK

Therefore, the web qualifies to use the optional provisions of LRFD [Appendix A6] to compute
the flexural resistance. However, since the web slenderness is closer to the noncompact web
slenderness limit than the compact web slenderness limit in this case, the simpler equations of
LRFD [6.10.8], which assume slender-web behavior and limit the resistance to Fyc or below,
will conservatively be applied in this example to compute the flexural resistance at the strength
limit state. The investigation proceeds by calculating the flexural resistance of the discretely
braced compression flange.
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E45-4.12 Rating for Flexure - Strength Limit State - Negative Moment Region
The nominal flexural resistance of the compression flange shall be taken as the smaller of the
local buckling resistance and the lateral torsional buckling resistance LRFD [6.10.8.2.2 &
6.10.8.2.3].

Local buckling resistance LRFD [6.10.8.2.2]:

bic := 14 (see Figure 24E1.2-1)
tic == 2.75 (see Figure 24E1.2-1)
by
N = — N = 2.55
2th
E
Xpf = 0.38- [— Npf = 9.15

Since ¢ <Ay, Fp is calculated using the following equation:

Fnc := Rp-Rn-Fyc

Since 2Dt is less than ), (calculated above), R, is taken as 1.0 LRFD [6.10.1.10.2].

Lateral torsional buckling resistance LRFD [6.10.8.2.3]:

by .
= c —382 in

1 Dctw
12-(1+ =
3 bic-tic
, E .
F
yc

I —

Fyr := max(min(0.7-Fy¢, Fyw), 0.5 Fyc) Fyr = 35.00 ksi

E .
L= mrp |[— L = 345.07 in
Lp = 240.00
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The moment gradient correction factor, C,, is computed as follows:

Where the variation in the moment along the entire length between brace points is concave
in shape, which is the case here, f, = f;. (calculated below based on the definition of f, given

in LRFD [6.10.8.2.3]).

MncDpco sl = 110.2 + 756.0 + 19.9 MncDco. gL = 886.10 | Kip-ft

SNCDCo.gL = 2278.2 ind
Mparo.sL = 83.4 kip-ft
M 0.8L := 1087.0 kip-ft
Srebaro.gL := 2371.9 ind

Mncbco.sL 12 Mparo.sL-12 MiLo.sL 12
fl = 125 ———" " 05 P T g 75—

SNeDCo.sL Srebar0.8L Srebar0.8L

i

f, := 46.50 ksi  (Table E24-1.6-2)
f1
E =0.34

f; %
Cp:=1.75- 1.05-&} +0.3 (Ej <23
Therefore:

Fne =Cp|1-|1- P : il ‘Rp Rn-Fyc

Fnc < Rp'Rn-Fyc [Ro-Rn-Fyc = 50.00 | ksi

Fnc = 50 kSI

|of-Fnc = 50.00 | ksi
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1 .
Mn_1.0L = Fnc Srebar (E) Mp_1.0L = 9883.01 ft — kips

E45-4.13 Design Load Rating @ Pier

O dcdsMn_10L - ’YDC(MDC_neg)

RF
’YL(MLLIM_neg)
Where:
Load Factors per Table 45.3-1 Resistance Factors
Linv == 1.75 ¢:=10 LRFR[6.7.3]
YLop = 1.35 dc:=1.0 per45.3.2.4
Yoc = 1.25 ds:=1.0 per45.3.25

Mpc1 neg = Mgirder_neg + Mdeck_neg + Mmisc_neg Mpci1_neg = —3073.22 ft — kips

MLL|M_neg = MLL_neg MLLIM_neg = —241417 ft - klpS

A. Strength Limit State

Mpc1 neg 12 Mpc2 neg 12
- e ¢s'(—Fnc) - ’YDC'T - ”(DC'T
_neg rebar
RF; =
V1.0 [ MLLIM_neg 12
Linv Srebar
Mpc1 neg 12 Mpc2 neg 12
OGNS d)s'(—Fnc) -WCc— _  ~bCcC— =
S
RE . NC_neg Srebar
op_10L- MLLIM_neg 12
top Srebar

B. Service Il Limit State
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fo — Q-
RE = JR 7D (fo)
AL (fuum)

Allowable Flange Stress per LRFD [6.10.4.2.2]

fr == 0.95-Rp-Fy
Rp := 1.0 For non-hybrid sections
fr = 0.95-Rp-Rp-Fy
fr = 47.50 ksi

fo = fpoc1 + foe2

f IV'DCl_neg' 12 N MDCZ_neg‘ 12
D= —
SNC_neg SLT_neg

fp = 17.68 ksi
~MLL neg-12
flum = ————
Srebar
flum = 12.21 ksi

Load Factors Per Table 45.3-1
D = 1.0

Lin == 1.3 Inventory

YLop = 1.0 Operating

Inventory
frR =D
RFinv_l.OL_service =
in- fLom
RFinv_1.0L_service = 1.88
Operating
frR—"p'fD
RFOp_l.OL_service =
YLop: fLLiM

RFop_1.0L_service = 2.44
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E45-4.14 Rate for Shear - Negative Moment Region

Shear must be checked at each section of the girder. For this Rating example, shear is
maximum at the pier, and will only be checked there for illustrative purposes.

The transverse intermediate stiffener spacing is 120". The spacing of the transverse
intermediate stiffeners does not exceed 3D, therefore the section can be considered stiffened

and the provisions of LRFD [6.10.9.3] apply.

do =120 in
D = 54.00 in
5
Ki=5+— k = 6.01
do
( Dj
D D ES k Esk
— =108.00 — > 1.40 1.40- = 82.67
1.57 (Esk
C = . C = 0.469
D 2 \ Fyw
ty
The plastic shear force, Vo is then:
Vp = 0.58-Fyy Dty Vp = 783.00 kips
0.87-(1-C)
Vh = Vp|C+ ——
do) .
1+ — Vn = 515.86 kips
D

The factored shear resistance, V,, is computed as follows LRFD [6.10.9.1]:

by == 1.00

V; = by Vp V, = 515.86 kips

HL-93 Maximum Shear @ Pier:

Vpca1 = Vgirder + Vdeck + Vimisc Vpc1 = -108.84 Kips
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Vpc2 = —12.03 kips

Vi =-131.95 Kips

MLLIM_neg = —2414.17 ft — kips

E45-4.15 Design Load Rating @ Pier for Shear

_ & b ds Vi — ’YDC(VDC)

RF
AL(Viuim)
Where:
Load Factors per Table 45.3-1 Resistance Factors
Linv == 1.75 ¢:=1.0 LRFR[6.7.3]
YLop = 1.35 ¢c:=1.0 per453.2.4
Ypc = 1.25 ¢dg:=1.0 per453.25

A. Strength Limit State

Inventory
¢ d¢ ds (-Vn) - Yo (Voe1 + Vbe2)
inv (VL)

RFinv_shear =

RFinv_shear =1.58 |

Operating
¢ O ds (-Vn) - voc (Voer + Vbe2)
Yeop (ViL)

RFop_shear =

[RFop_shear = 2.05 |

Since RF>1.0 @ operating for all checks, Legal Load Ratings are not required for this example.
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E45-4.16 - Permit Load Ratings

For any bridge design (new or rehabilitation) or bridge re-rate, the Wisconsin Standard Permit
Vehicle (Wis-SPV) shall be analyzed (per 45.6). Since the span lengths are less than 200', the
lane loading requirements will not be considered for positive moments.

The bridge shall be analyzed for this vehicle considering both single-lane and multi-lane
distribution. Also, the vehicle will be analyzed assuming it is mixing with other traffic on the bridge
and that full dynamic load allowance is utilized. Future wearing surface shall not be included.
Since this example is rating a newly designed bridge, an additional check is required. The

designer shall ensure that the results of the single-lane analysis are greater than 190 kips MVW.
Future wearing surface shall be included in the check.

E45-4.16.1 - Wis-SPV Permit Rating with Single Lane Distribution w/ FWS

The values from this analysis are used for performing the Wis-SPV design check per 45.6

Load Distribution Factors

Single Lane Interior DF - Moment g, = 0.47

Single Lane Interior DF - Shear gy1 = 0.75

Load Factors per Tables 45.3-1 and 45.3-3
=12

\DC = 1.25 YDW = 1.50

Wis-SPV Moments and Shears (w/o Dynamic Load allowance
or Distribution Factors included)

Im1 .
Mo.aL = 1_”]2'1-33'Mpos Mo 4 = 1468.47 |  kip-ft
Im1 .
M1oL = (ﬁj‘((lngneg)) Mol = 112931 |  Kip-ft
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VioL = (ﬁ)-((ms.vmax)) V1oL = 128.28 kips

&P ds'Mn 0.4 — Yoc (Mpe1 + Mpez) — “pw-Mpw
AL+ (Mo.a1)

RFpos = 2.55 |RFpos~ 190 = 483.65 | kips

RFpos =

_ &b dsMn_1.00 VDO (-Mbc1_neg — Mbc2_neg) — “ow: (~Mbw _neg)
L (M1.0L)

RFneg = 3.74 [RFneg-190 = 711.43 | kips

¢ dc ds Vi = Yoo [-(Voei + Voez)] - Yow: (-Vow)
L-(Va.oL)

RFshear =

[RFshear = 2.24 | [RFshear 190 = 424.87 | kips

424.87k > 190k minimum : CHECK OK
E45-4.16.2 - Wis-SPV Permit Rating with Single Lane Distribution w/o FWS

For use with plans and rating sheet only.

Load Distribution Factors

Single Lane Interior DF - Moment g1 = 0.47

Single Lane Interior DF - Shear gy1 = 0.75

Load Factors per Tables 45.3-1 and 45.3-3
L =12

“pc = 1.25 ~pw = 1.50

Wis-SPV Moments and Shears (w/o Dynamic Load allowance
or Distribution Factors included)

July 2015 45E4-37



SNy,

a@g WisDOT Bridge Manual Chapter 45 — Bridge Rating
ot
Vimax = 154.32 kips
Im1 .
Mo.aL := = 1.33-Mpos [Mo.4 = 1468.47 |  Kip-ft
Im1 .
MioL = 12 '((1-33'Mneg)) |M1.OL =1129.31 | kip-ft
Ovi .
VioL=| 5 ((1-33-Vmax)) V1oL = 128.28 kips
¢ Gcbs'Mn 0.4L — voc (Mpe1 + Mpe2)
RFposl =
'YL‘(MOAL)
RFpos1 = 2.68 | |RFpos1-190 = 508.78 | kips
¢ de ds'Mn_1.0L — Yoc (-Mbei1_neg — Mbe2_neg)
RFnegl =
'YL‘(Ml.OL)
RFpeg1 = 4.16 | |RFnegl~190 = 789.64 | kips
¢ b ds Vi — ’YDC'[—(VDCl + VDcz)]
RFshear1 =
’YL'(V1.0|_)
RFshear1 = 2.37 | [RFshear1- 190 = 450.24 | kips
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E45-4.16.3 - Permit Rating with Multi-Lane Distribution w/o FWS

For use with plans and rating sheet only.

Load Distribution Factors

Multi Lane Interior DF - Moment  g.,» = 0.69

Multi Lane Interior DF - Shear Oy2 = 0.93
Load Factors per Tables 45.3-1 and 45.3-3
N =13

“pc = 1.25

Wis-SPV Moments and Shears (w/o Dynamic Load allowance
or Distribution Factors included)

Vimay = 154.32 kips

Multi Lane Ratings

Mo.4L == gm2-1.33-Mpos |MO.4L = 2600.09 | kip-ft
M1.0L = Omz2'(1.33 Mneg) |M1,0L = 1999.56 | kip-ft
V1oL = Gv2-(1.33 Viax) V1oL = 191.88 | kips

¢ Oc Gs'Mn 0.4L — Yoc (Mpc1 + Mpcz)
’YL‘(M0.4L)

RFpos_mI =

RFpos mi = 1.40 | [RFpos_mi- 190 = 265.24 | kips
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¢ d¢ bs'Mn_1.0L — Yo (-Mbci_neg— Mbc2_neg)

RFneg_mI =

“{L-(M1.0L)

RFneg_mi = 2.17 |

[RFneg mi-190 = 411.67 |

¢ e bs Vi — ’YDC'I:—(VDCl + VDcz)]

RI:shear_ml =

“{L'(V1.0L)

RFshear_ml = 1.46 |

IRFshear_mi- 190 = 277.84 |

E45-4.17 Summary of Rating

kips

kips

Steel Interior Girder
Design Load Rating Wis-SPV Ratings (kips)
Limit State Legal .Load - - -
Inventory | Operating Rating | Single Lane|Single Lane| Multi Lane
w/ FWS w/o FWS | w/o FWS
Strength | @ | Flexure 1.41 1.82 N/A 484 509 265
0.4L Shear N/A N/A N/A N/A N/A N/A
Strength | @ | Flexure 1.30 1.68 N/A 711 790 412
1.0L Shear 1.58 2.05 N/A 425 450 278
Senice Il 0.4L 1.38 1.80 N/A Optional Optional
1.0L 1.88 2.44 N/A Optional Optional
July 2015 45E4-40
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