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INTRODUCTION

Each major structure in Colorado is rated to determine its safe live load
capacity.

The purpose of this manual is to organize the rating process so that the
procedures and results conform to the policies of the Colorado Department of
Transportation. However, this manual should not overrule sound engineering
judgment.

The user of this manual is expected to have current copies of the AASHTO LRFD
Bridge Design Specifications, AASHTO Standard Specifications for Highway
Bridges, the AASHTO Manual for Bridge Evaluation, and the Staff Bridge Design
Manual, and be familiar with the applicable sections of these manuals.

Rating procedures for structure types not identified in this manual shall be
developed by the rater and shall be subject to review and approval by the
Staff Bridge Engineer.

The questions, "How much total live load can this bridge hold? and, “How does
this bridge’s capacity compare with other bridges?” are usually asked after a
bridge is designed, constructed, or during service. The questions may be
asked by:

® an engineer who has finished designing a bridge;

® a3 roadway official attempting to determine the quality of the
bridges on the system;

® a funding agency which is deciding whether or not a bridge needs to
be repaired or replaced; and

® a3 permit officer concerned about an overweight vehicle using a
particular bridge.

In response to these questions a method for estimating the safe live load
capacity of highway structures has been developed. This method involves the
assignment of specific rating values to structures which define their live
load capacity relative to selected standard vehicles. The four types of
rating values used by the Colorado Department of Transportation are
Inventory, Operating, Posting, and Overload Color Code.

All structures require an Inventory and an Operating rating value in terms of
the HS20-44 or HL-93 loading which defines their long term high frequency
load capacity, and ultimate permissible load capacity, respectively. If a
structure is deficient for the maximum vehicle loads allowed by law, then its
capacity is also assessed in terms of the Type "3", "332", and "3-2" Posting
Vehicles. Structures on the state highway system are given an Overload Color
Code rating which defines their capacity for loads heavier than the maximum
legal loads, in terms of the Modified Tandem Vehicle, or the Colorado Permit
Vehicle. Once computed, these values are recorded on a Rating Summary Sheet
and kept in the structure's permanent file.
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| After the rating is recorded it becomes one of the most important items in a
structure's records. It is utilized in reviewing the sufficiency of new
designs, evaluating the relative capacities of structures on a roadway
system, prioritizing the expenditure of funds for repair or replacement, and

| preventing structural failures when routing overloads. In summary, it becomes
an essential item for insuring the safety and cost efficient maintenance of
the structures on a roadway system.

| Rating values are normally calculated only for a bridge's superstructure, and
then, only with respect to dead and live loads. Rating values are not

| routinely computed for structures with spans 20 feet or less. The last page
of this introduction shows how the Inventory, Operating, and Posting rating
values are calculated. See Section 1-16 for an explanation of how color code
rating values are computed.

When a new structure is designed, or an existing structure is modified by
design, the engineers who performed the design are responsible for providing
a rating. In this case, the rating is an integral part of the design and is
executed at the final design phase, but before construction commences. When
an existing structure is modified by field changes, e.g., collision damage,
or additional asphalt, the party responsible for bridge maintenance and
inspection is also responsible for insuring that the bridge is promptly
rerated. In all cases, the color code for the new or modified structure
should be determined.

This manual presents policies, guidelines, and examples illustrating how
ratings are to be calculated in the State of Colorado. When rating a highway
structure, the specifications, policies, and guidelines that are to be used
are those stipulated in the current AASHTO LRFD Bridge Design Specifications,
AASHTO Standard Specifications for Highway Bridges, the AASHTO Manual for
Bridge Evaluation, the Staff Bridge Design Manual and this manual. In order
to effectively perform a rating, it is imperative that the rater obtain and
become familiar with these manuals.

The calculation of rating values is defined in general by the following
formulas which are taken from the AASHTO Manual for Bridge Evaluation:

® Load and Resistance Factor Rating (LRFR);

RE = C—(¥pc (DC) = (¥ oy WDW) £ (,)(P)
LR (7,,)-(LL+IM)

Rating in Tons = (RF p )W

C = Capacity = Q0sQR,; where @c@Ps 2 0.85 for Strength
Limit State

C = Jfr for service limit state

DC = Dead load due to structural components and
attachments

DWW = Dead load due to wearing surface and utilities
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]} = Allowable Stress per LRFD code

IM = Dynamic load allowance

LL = Live load

P = Permanent loads other than dead loads

RFE1rFR = Rating factor for LRFR

R, = Nominal member resistance

W = Weight (tons) of vehicle used to
determine live load effect.

Pc = Condition factor

®s = System factor

() = LRFD resistance factor

7 e = Dead load factor for structural components and
attachments

Y pw = Dead load factor for wearing surface and utilities

Vp = Load factor for permanent load = 1.0

YL = Live load factor

® TLoad Factor Rating (LFR) and Allowable Stress Rating (ASR)

C-A-D

RF, o yqp =————
LFR;ASR A L-(+1)

Rating in Tons = (RF . z) W

RF1rr;ask = Rating factor for LFR or ASR

C = The capacity of the structural member

C = [; for ASR

D = Dead load on Structural Member

j} = Allowable Stress per the code

L = Live load effect on Structural Member

W = Weight (tons) of vehicle used to
determine live load effect

I = The impact factor used with the live load effect

A, = Factor for dead load

A, = Factor for live load

A; = A, = 1.0 for ASR
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The HL-93 load rating for the Load and Resistance Factor Rating (LRFR) method
is reported as a rating factor. All other ratings are reported as a rating

in tons.

Effective July 1, 2002 CDOT will use the AASHTOWare Virtis computer

application to perform bridge ratings. With the exception of post-tensioned
superstructures, all ratings performed after July 1, 2002 for bridges in CDOT
right-of-way shall be based on Virtis. 1In addition to post-tensioned

superstructures, other bridges of unusual geometry or construction type may
be waived from this requirement. Post-tensioned superstructures shall be
rated as provided for by the CDOT Bridge Rating Manual.

All of the instructions and examples in the CDOT Bridge Rating Manual use the
strip method of analysis (see AASHTO LRFD 4.6.2) and the AASHTO LFD live load
distribution factors. Until otherwise provided for by the CDOT Bridge Rating
Manual, curved superstructures and bridges designed by a refined method of
analysis (LRFD 4.6.3) shall be rated using Virtis and the strip method unless
the Staff Bridge Branch Bridge Rating Program Engineer approves an exception.
Equivalent distribution factors for composite dead loads and live loads shall
be used to obtain the appropriate rating at the sections required by the CDOT
Bridge Rating Manual (see AASHTO LRFD 4.6.3.1, modified here as may be
required for composite dead loads).

Rating requirement have changed with time. The following is a summary of the
rating method requirements in this manual.

e All on-system and off-system bridges designed after October 1, 2010
are to be rated with LRFR.

e All on-system and off-system LRFD bridges rated or rerated after
October 1, 2010 are to be rated with LRFR.

e All on-system and off-system ASD & LFD bridges rated or rerated
after January 1, 1994 are to be rated with LFR, to the extent LFR 1is
applicable to the structure type per the AASHTO specifications.

e All on-system and off-system ASD and LFD bridges on the NHS are to
be rated with LFR, to the extent LFR is applicable to the structure
type per the AASHTO specifications.

® When any on-system bridges that were constructed after 1985 are
rated or rerated they shall receive a permit vehicle operating
rating for interior and exterior girders with full impact and
multilanes loaded.

® When any on-system bridges constructed before or during 1985 are
rated or rerated they shall receive permit vehicle and modified
tandem operating ratings with full impact and one lane loaded.

For the maintenance of the CDOT’s Opis/Virtis database it is essential to use
the most current version of Virtis. Ratings submitted to CDOT that are based
on older versions will be rejected. Check with the CDOT Rating Engineer to
verify the software version in use by CDOT.
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SECTION 1: GENERAL REQUIREMENTS 1-1

1.1

SECTION 1
GENERAL REQUIREMENTS

DEAD LOADS USED TO DETERMINE BRIDGE RATINGS

The dead load unit weights given in the current AASHTO LRFD Bridge Design
Specifications and the current CDOT Bridge Design Manual shall be used, except where
superseded by this Manual in Table 1-1.

Bridge decks with bare or asphalt wearing shall be rated for a minimum asphalt thickness
of 3”; or an average asphalt thickness that is shown in the most current inspection report,
whichever governs.

Bridge decks with Polyester Polymer Concrete (PPC) overlay shall be rated for a minimum
overlay thickness of %4”; or a thickness that is shown in the as-built plans, whichever
governs. The overlay of PPC shall be omitted from the deck section properties.

The unit weight of fill soil on all buried structures shall be per Table 1-1, unless otherwise
specified in the as-built plans. A pavement thickness of 6” above the buried structure shall
be assumed if the roadway pavement thickness is unknown.

The uniform weight of permanent steel deck form shall be included if it is used for concrete
decks placed between girders, and inside box girders.

Table 1-1: Unit Weights of Materials

Material Unit Unit Weight
Asphalt Ibs/ft3 146.67
Polyester Polymer Concrete (PPC) Ibs/ft3 135.0
Fill Sail Ibs/ft3 125.0
Permanent Steel Deck Form Ibs/ft2 5.0
Reinforced Cast-in-Place Concrete Ibs/ft3 150.0
Reinforced Precast Concrete Ibs/ft3 163.0

The weight of bridge rails to be used for rating shall be based on the most current as-built
plans. Verifications of bridge rail weight shall be required, except values from Table 1-2
can be used for the MASH (Manual for Assessing Safety Hardware) bridge rails (i.e. Type
8R, Type 9 and Type 10), and the previous standard bridge rails (i.e. Type 3, Type 4, Type
7, Type 8, and Type 10).

CDOT Bridge Rating Manual September 2022
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Table 1-2: Unit Weights of Standard Rail Systems

Rail Type Structural Steel Concrete Curb (*) Total
(Ibs/ft) (Ibs/ft) (Ibs/ft)
Type 3 45.4 142.6 187
Type 4 N.A. 426.1 426
Type 7 N.A. 481.8 482
Type 7, style C-C N.A. 538.4 538
Type 8 26.5 437.4 464
Type 8R MASH 19.5 262.5 282
Type 9 MASH N.A. 483.8 484
Type 9, style CC MASH N.A. 758.8 759
Type 10 MASH 45.8 243.7 290
Type 10 (10, 10M, 10R) 45.1 244.4 290

;
i

?
—

TYPE 8R MASH

(10'-0" MAX. POST SPACING)

-6

TYPE 9 MASH

Figure 1-1

(10'-0" MAX. POST SPACING)

1'-o"

TYPE 10 MASH

2'-0"

(*) The concrete curb weights are computed from the Figure 1-1. The concrete curb weight
shall be re-computed if the existing curb geometry is different.

J L

TYPE 9 STYLE CC

MASH Bridge Rails

CDOT Bridge Rating Manual
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1I_3II 1|_6II

e .

IYPE 3 IYPE 4
(6'-3" MAX. POST SPACING)

6%“

2I_6II
2-10"

11-gn ="
= i/sn._ z, 11I/2||
7 ! ] 17
IYPE 7 IYPE 7 STYLE C-C
11-gh 1'-g"
1
l\ = 3/
=, gl/n B 9/4
N ) =: N ——
4 ® =
TYPE 8 TYPE 10
(10'-0" MAX. POST SPACING) (10'-0" MAX. POST SPACING)

Figure 1-1 (Continued)
Old Standard Bridge Rails
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1.2

LIVE LOADS USED TO DETERMINE BRIDGE RATINGS

Colorado Bridge Ratings are required at three different levels: Design Load Rating, Legal
Load Rating, and Permit Load Rating and shall be reported on the Rating Summary Sheet.
The vehicles of three levels are as specified hereon and in the current AASHTO Manual
for Bridge Evaluation (MBE).

These three different levels shall be used to compute the load ratings for all structure types
and for all 3 rating methods: Allowable Stress Rating (ASR), Load Factor Rating (LFR),
and Load and Resistance Factor Rating (LRFR).

1.2.1 Design Load Rating Level

A) For ASR and LFR methods: The HS20-44 Loading consisting of a Standard HS20
Truck or Standard Lane Load shall be used when computing the Inventory and
Operating Load Ratings in US tons. See Figure 1-2.

B) For LRFR method: The HL-93 Design Load shall be used when computing the
Inventory and Operating Rating Factors. See Figure 1-3.

Additional HL-93 Load Models:

¢ 90% of Design Truck pair that is spaced a minimum of 50 feet between the lead
axle of one truck and the rear axle of the other truck, combined with 90% of the
Design Lane Load shall be used to compute the ratings factor at the pier(s) for
negative moment.

¢ For steel bridges, the fatigue truck shall be required to compute the Inventory Rating
Factor. The fatigue truck consists of one design truck, similar to the truck in Figure
1-3, but with a constant spacing of 30 feet between the 32-kip axles.

1.2.2 Legal Load Rating Level

The Legal Vehicles are required to be used when computing the Operating Load Rating
in US tons. The structure is required to be posted when the load rating is less than the
gross vehicle weight limit.

A) Colorado Legal Vehicles:
¢ Colorado Legal Trucks of Type 3, Type 3S2, and Type 3-2 shall be used for bridges
on State highway routes or Interstate business routes. See Figure 1-4.
e Interstate Legal Trucks of Type 3, Type 3S2, and Type 3-2 are State-Specific
Vehicles modified from the AASHTO and the Colorado Legal Loads. See Figure
1-5. These Interstate Legal trucks shall be used for bridges on Interstate highway
routes or Interstate access ramps.
Legal Vehicles are composed of the maximum vehicle loads allowed by law in Colorado.
The difference between the live loads in Figures 1-4, and 1-5, is due to the maximum
legal loads allowed on Interstate highways being different from those allowed on other
Colorado roadways.
B) Specialized Hauling Vehicles (SHV):
¢ Notional Rating Load (NRL). See Figure 1-6.
¢ Single Unit Bridge Posting Loads of SU4, SU5, SU6 and SU7. See Figure 1-6.
C) FAST Act’'s Emergency Vehicles (Fixing America’s Surface Transportation Act):
= Emergency Vehicles of EV2 and EV3 are Notional vehicles. See Figure 1-7.

CDOT Bridge Rating Manual September 2022
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NOTE: AASHTO Legal Loads of Type 3, Type 3S2 and Type 3-3, and AASHTO Lane-
Type Legal Load Model are NOT required for load ratings.
Colorado has a grandfather provision under Federal law (23 CFR Part 658,
Appendix C) to allow the Interstate Legal Trucks of Type 3, Type 3S2, and Type
3-2 supplanting the AASHTO Legal Loads of Type 3, Type 3S2 and Type 3-3 on
the Interstate highways.

If the load rating factor for the NRL is 1.0 or greater, then there is no need to rate
for the single-unit SU4, SU5, SU6 and SU7 Vehicles. See Subsection 1.14 for how
to report the rating results.

Legal Vehicle Weight Limits:
» Maximum gross weight of vehicle that is legal on any Non-Interstate Colorado
highways shall be satisfied with the Colorado Bridge Formula.
Gross Weight (Ibs) = (L + 40) x 1,000 (C.R.S. 42-4-508 (1)(b))
= Maximum gross weight of vehicle that is legal on any Interstate highways shall
be satisfied with the Federal Bridge Formula B except Emergency Vehicles.
Gross Weight (Ibs) = 500 (LN / N-1 + 12N + 36)

Where:
L = the distance in feet between the outer axles of any two or more consecutive
axles.

N = the number of axles.

The Gross Vehicle Weight (GVW) of SU6 and SU7 do not meet the Colorado
Bridge Formula. See Subsections 1.15.1 & 1.15.2 for how to post weight limits of
SU6 & SU7 on non-interstate roads.

The GVW of EV2 and EV3 do not meet Federal Bridge Formula B, but could
cover situations when emergency vehicles need access to Interstate Highways,
or Reasonable Access.

1.2.3 Permit Load Rating Level

The Operating Load Ratings in US tons of the Permit Load Rating Vehicles shall be used
to determine the Color Code of the bridge. See Subsection 1.16.
A) Colorado Permit Vehicle. See Figure 1-8.
The Colorado Permit Vehicle is also required to be used for the design of new
bridges for AASHTO LRFD Load Combination Strength Il. Therefore, the Colorado
Permit Trucks’ configurations are currently used to institute the Colorado maximum
allowable permit weight per axle group.
B) Colorado Modified Tandem Vehicle. See Figure 1-8.

CDOT Bridge Rating Manual September 2022
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HS20-44 Loading
Used to determine the Inventory and Operating load ratings in US tons

36 US Tons
X x
X
Q Q
S o I
[ve] ) )
14'-0" 14'-0" to 30'-0"
[
Standard HS Truck
(HS20-44)
OR

Concentrated Load
Placed per Codes

/18 k for Moment
26 k for Shear

IIRREEEN AR RN NNNRREY

Standard Lane Load
(HS20-44 Loading)

Uniform Load
of 0.64 k per
linear foot

10'-0" Clearance
Truck/Lane Width

210" 8'-0" 210"

Figure 1-2
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HL-93 Design Load - Notional Vehicle
Used to determine the Inventory and Operating rating factors

36 US Tons
O—©o o . © ©

x N N N
X

o o o e}
© o o Tol Tol
0 ) ) N Y

14'-0" 14'-0" to 30'-Q" 4'-0"
\
Design Truck Design Tandem

PLUS

Uniform Load of 0.64 kips per linear foot

RN NN NN NNRRNNN!

Design Lane Loading

10'-0" Clearance
Truck/Lane Width

21-0" 6'-0" 21-0"

Figure 1-3
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1-8

Colorado Legal Trucks

Used to determine the Operating load ratings in US tons along Colorado State Highways

Truck width: 10’-0”
Axle gage width: 6’-0”

27 US Tons

©

14.0 K Q-.
20.0 K @

1= 20.0 K

13'-6" 4'-Q"
\

Type 3

42.5 US Tons
©=7—0o©r NOIOE
X 4 x 4 4
o o o o} o}

N o o © ©
~— N N — —
12'—0“ 4|_On 25|_On 4|_On
I I I |
Type 3S2
| |
42.5 US Tons
| | |
OO0 ~Or
X 4 4 X X
5 o o p p
N o o © ©
~ N N ~— ~—
14-_0-- 4|_On 161_011 161_011
I I
Type 3-2
Figure 1-4
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Interstate Legal Trucks
Used to determine the Operating load ratings in US tons along Interstate Highways
Truck width: 10’-0”
Axle gage width: 6’-0”
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Figure 1-5
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Specialized Hauling Vehicles
Used to determine the Operating load ratings in US tons
Truck width: 10’-0”
Axle gage width: 6’-0”

A. Notional Rating Load (NRL)
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GVW = Gross Vehicle Weight

SU4 Truck

GVW = 27.0 Tons

SU5 Truck

GVW = 31.0 Tons

SU6 Truck

GVW = 34.75 Tons
SU7 Truck

GVW = 38.75 Tons
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Emergency Vehicles — Notional Vehicles
Used to determine the Operating load ratings in US tons
Truck width: 10’-0”
Axle gage width: 6’-0”

15\70\\

EV2 Vehicle
GVW = 28.75 Tons

2\,0\\

24,0 K 31.0

17'-0"

EV3 Vehicle
GVW = 43.0 Tons

GVW = Gross Vehicle Weight

Figure 1-7
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Colorado Permit Trucks
Used to determine the Operating load ratings in US tons
Truck width: 10’-0”
Axle gage width: 6’-0”

ﬂ 96 US Tons
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Figure 1-8
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1.3

IMPACT, LOAD FACTOR, AND DISTRIBUTION OF LIVE LOADS

The live load impact used for rating shall be as specified in the current AASHTO LRFD
and Standard Specifications for Highway Bridges, as applicable, except as noted. The live
load impact shall be applied for all bridge types, except to timber bridges.

The live load distribution factors used for rating shall be as specified in the current
AASHTO LRFD and Standard Specifications for Highway Bridges, except as noted and
elsewhere in the manual.

The load factors used for rating shall be as specified in the Standard Specifications for
Highway Bridges and the current AASHTO Manual for Bridge Evaluation, except as noted
and elsewhere in the CDOT Rating Manual.

A)

C)

D)

F)

H)

Based on CDOT historical practice of overload permit analysis using LFR method
(e.g., gross vehicle weight over 200,000 Ibs), when reduced vehicle speed to 10 mph
is enforced, impact can be reduced by 67% when crossing the structure.

Impact shall not be considered for timber bridges.

For bridges constructed or rehabilitated after 1985, all ratings shall use multi-lane live
loaded distribution factor. A single lane live load distribution factor for Permit Vehicles
may be used with approval by the Bridge Rating Engineer.

For bridges constructed in 1985 or earlier, or bridges with one-lane traffic, rating and
re-rating for Legal Load vehicles and Colorado Permit vehicles may be performed
using a single lane live load distribution factor. The vehicle may be assumed to occupy
the center of a single driving lane without concurrent live loading in any other lane.
Non-redundant (fracture-critical) structures shall only utilize multi-lane live loaded
distribution factors due to the likelihood of failure of entire structure if one part fails.
The design vehicle ratings shall be rated with multi-lane live load distribution factor.

When bridge geometric constraints (e.g., span length, number of girder and girder
spacing) are outside the range of live load distribution formulas specified in the
AASHTO Specifications, the lever rule method or other software may be used to
calculate the live load (single or multi-lane) distribution factors.

When the lever rule method is used to determine distribution factors for exterior
stringers, exterior deck girders, through girders, and trusses, place the first truck wheel
2’-0” from the front face of curb or railing. The transverse distance from centerline to
centerline of the standard gage trucks shall be 12°-0” or the width of one traffic lane for
narrow bridges.

For any load rating methods, the placement of the wheel load shall be 1 foot from the
face of the curb or railing for rating of deck overhang, and 2 feet for rating of girders.

For LFR load ratings, when ratings for Legal or the Permit vehicles are less than the
gross vehicle weight limits, the Rater may use the Distribution Factor-Line Girder
setting in BrR (NSG analysis) to improve the load ratings with approval by the Bridge
Rating Engineer. The NSG analysis shall not be used for culverts, timber, or fracture-
critical structures.
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I) For LRFR load ratings, the refined distribution factor method is not allowed for load
ratings of bridges, except if it is approved in advance by the Staff Bridge Rating
Engineer.

J) Live load distribution factors for two-girder bridge systems and trusses shall be
calculated using the lever rule method.

K) The distribution of non-composite and composite dead loads shall be as specified in
the current CDOT Bridge Design Manual.

L) For all bridge types, load factors for load rating shall comply with the AASHTO MBE,
except a minimum live load factor of 1.3 for operating rating may be used for
Emergency Vehicles on all levels of traffic volume for LRFR and LFR methods.

M) For all buried pipe/arch culverts and CBCs, the LRFR live load factor for operating
rating of 1.35 shall be used for design vehicle, 2.0 for legal loads, and 1.4 for permit
loads on all levels of traffic volume. Only the single loaded lane with multiple presence
factor of 1.0 may use for legal load and permit load ratings; while 1.2 is used for design
load rating.

N) The maximum and minimum depths of fill on CBCs may be determined at the roadway
pavement areas. Distribution of wheel loads through earth fills shall be neglected
where the depth of fill exceeds the limits as specified in the current AASHTO LRFD,
Section 3.6.1.2.6. See Subsection 1.14 for how to report the rating results.

O) The Emergency Vehicles may be performed using a single lane live load distribution
factor for existing or new bridges.

P) For reinforced and prestressed concrete structures, the service | & Ill limit states may
ignore in ratings for the Legal and Permit Vehicles.

Q) For timber structures with stagger stringers at piers, an average stringer spacing of
the exterior bays on both sides may be used for ratings.

R) For two-girder bridge systems, trusses, floor-beams, and culverts, an equivalent
double-dolly truckload to a regular 10 feet wide truckload shall NOT be allowed for
overload permit ratings.

1.4  STRUCTURAL ANALYSIS METHODS USED TO DETERMINE BRIDGE RATINGS

The load ratings shall include analysis of the superstructure for components defined as
primary members such as girders, in-span hinges, stringers, deck, truss, floor-beams,
truss connections, etc. The substructures / foundations will not be required for load ratings
except as requested by the Bridge Inspection Engineer, being necessary due to vehicle
impact and scour substructure elements, etc.

Major structures (i.e. total span length greater than 20 feet) are required to have load
ratings, and minor structures (i.e. span length from 4 feet to less than or equal to 20 feet)
will be required to have load ratings per Subsection 1.8.

CDOT Bridge Rating Manual September 2022



SECTION 1: GENERAL REQUIREMENTS 1-15

A)

K)

L)

M)

All bridges designed with LRFD method or designed after September 30", 2010 shall
be rated or re-rated with LRFR method.

All existing ASD & LFD bridges designed before October 1%, 2010, except existing
timber bridges, shall be rated or re-rated with LFR or LRFR methods.

All timber bridges shall rated or re-rated with ASR method.

All existing buried pipe/arch culverts may be rated or re-rated with LFR or LRFR
methods. New buried culverts shall be rated with LRFR method.

For multiple lines of buried pipe structure that meets the minimum spacing between
pipes per AASHTO LRFD, Section 12.6.7, a single pipe instead of multi-pipe may be
modeled for load rating analysis.

All existing concrete and metal plank decks of bridges designed before October 1,
2010, shall be rated or re-rated with LFR method. Bridges constructed with partial or
full-depth precast pre-stressed concrete decks are not required for ratings except as
requested.

All concrete decks of bridges designed after September 30™, 2010 are not required
to be rated except as requested. New metal plank decks shall be rated with LRFR
method.

All decks shall be rated for design trucks only.

When existing bridges are re-decked, the girders shall be re-rated with the same
method used to design the new deck, except if approved in advance by the Bridge
Rating Engineer.

When existing LFD or ASD bridges are widened with LRFD method, the widened
portion shall be rated with LRFR method, and the original part may be re-rated with
LFR method.

For precast pre-stressed concrete girders, the transformed section properties and the
AASHTO refined method for losses may be used for load ratings.

For multi-span precast pre-stressed concrete continuous girders that are designed
with LRFD method, the degree of continuity at pier(s) shall be determined in
accordance with the current CDOT Bridge Design Manual, Section 5.7.3.

For LRFD reinforced and pre-stressed concrete bridges constructed after December
2001, the load ratings for shear shall be required.

Commentary: Per CDOT-Staff Bridge's Technical Memorandum dated Jan. 31%t,
2000, all structures shall be designed and checked with the LRFD design method
beginning in January 2002.

For existing reinforced and pre-stressed concrete bridges constructed in December
2001 or earlier, when the LFR load-rating factor for shear is less than 1.0, the bridges
may be rated with LRFR Modified Compression Field Theory (MCFT) method.
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O)

V)

For existing reinforced and pre-stressed concrete bridges constructed in December
2001 or earlier, the load ratings for shear shall be required for bridges that have visible
signs of shear distress; or if the Colorado NBI condition coding is less than 5. The
shear load rating may be ignored by the Bridge Rating Engineer approval for bridges
that have no visible signs of shear distress, and the Colorado NBI condition coding is
5 or greater.

For all steel bridges, the load ratings for shear shall be required.

For ASD and LFD steel bridges, the field splices and pin connections are not required
for ratings, except as requested by the Inspection Unit due to severe corrosion or
section loss by vehicular hit.

All LRFD steel bridges shall include field splices and pin connections in ratings.

Pedestrian bridges that are designed to carry maintenance or emergency vehicles
shall be rated in accordance with the current CDOT Bridge Design Manual. The
pedestrian load shall not be considered concurrently with the vehicle load.

For roadway bridges with sidewalk, the use of pedestrian load shall not exceed the
value given in AASHTO Standard Specifications, Section 3.14.1.1. If the sidewalk is
not protected by a traffic barrier, the sidewalk loadings shall be considered for two
cases:

e Vehicles on the sidewalk without pedestrian load.

o Full pedestrian load on the sidewalk without vehicle load.

For a curved bridge with straight girders, and variable overhangs, the bridge may be
modeled with maximum overhang on one side and minimum overhang on the other.

Existing ASD or LFD multi-span continuous bridges designed with simple span made
continuous that have load ratings for negative moments less than the gross vehicle
weight limits may be rated or re-rated for single span by applying a hinge at the pier
location or by using single span models with approval in advance by the Bridge Rating
Engineer.

W) If a curved bridge can be designed as straight segments, as per the requirements of

X)

Y)

Z)

the AASHTO LRFD Section 4.6, the horizontally curved girders may be rated as
straight girders with a span length based on the arc length of the longest interior
girder. This engineering judgment shall be approved in advance by the Bridge Rating
Engineer.

For LRFR method, the frequency of the permit vehicle properties will be selected for
unlimited crossing, and the loading condition will be selected for mixed with traffic.

For complex structures such as curved, and varying skews at supports that cannot
be modeled in the BrR program, a 3-D finite element model or appropriate software
may be used for rating with approved in advance by the Bridge Rating Engineer.

Any engineering judgment that is made for structural analysis shall be approved in
advance by the Bridge Rating Engineer.
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1.5

AA) For CBCs constructed before 1992, the loading data that is specified in the
corresponding M-Standards, as-built plans, or in the corresponding design
specifications may be used for LFR, or LRFR ratings.

MATERIAL PROPERTIES USED TO DETERMINE BRIDGE RATINGS

For all structures, the material properties used for the rating shall be based on the material
grade or design stresses specified in the plans. When plans are not available or do not
specify material grade or design stresses, the Rater must then use their best judgment to
determine the appropriate material properties based on the information available.
Normally, this decision is based on the year the bridge was constructed.

The year of construction may also be determined by engineering judgement by using
comparable structures with known plans or other similarly constructed bridges such as
parallel bridges.

Table 1-3 shows the material properties based on year of construction, used by the
Colorado Department of Transportation. This material property table is based on the
predominant grade of materials used by the Colorado Department of Transportation during
the years indicated.

After making a thorough investigation into all possible sources of information concerning
an existing structure, if the rater is still unable to determine the grade of material used, or
year of construction, then a conservative estimate of the construction year should be
made. Then, the material property in Table 1-3 can be used.

For steel structures, it is possible that the year of construction and the year of member
fabrication do not coincide; e.g., when salvaged members have been utilized. In this case,
the year of fabrication shall be used in determining the steel yield stress (F,).

For metal and plastic pipe/arch culverts, the material properties shall use default values
from the CANDE rating software.
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Year of Construction for CDOT Bridge Rating
(When the Actual Grade of the Material is Unknown)

LFR and LRFR Ratings

v ; LFR or LRFR ASR
. ear o ; -
Material Construction Fy or. fe Invent.ory Opera.tlng
(psi) (psi) (psi)
0.55 F, 0.75 F,
Prior to 1905 26,000 14,000 19,500
Structural Steel - Bending 1906 to 1936 30,000 16,000 22,500
1937 to 1963 33,000 18,000 24,500
After 1963 36,000 20,000 27,000
0.45F,
Prior to 1905 26,000 8,500 11,500
Structural Steel - Web Shear 1906 to 1936 30,000 9,500 13,500
1937 to 1963 33,000 11,000 15,000
After 1963 36,000 12,000 16,000
Prior to 1954 33,000 18,000 25,000
Reinforcing Steel 1955 to 1971 40,000 20,000 28,000
After 1971 60,000 24,000 36,000
Prior to 1959 2,500 1,000 1,500
1960 to 1976 3,000 1,200 1,900
Structural Concrete
1977 to 1981 4,000 1,600 2,200
After 1981 4,500 1,800 2,450

Prestressed Concrete

Based on the Actual Grade of Material Used

Prestressing Steel Strands

Based on the Actual Grade of Material Used

Allowable Stress Ratings (ASR)

All Years of Invento Operatin
Material Construction (psi)ry p(psi) °
Bending (Fp) 1,600 2,128
Timber (Douglas Fir Shear (F,) * 113 150
Select Structural) Shear (F,) ** 98 c 130
Shear (F,) *** 85 113

* Use when more than 75% of the total number of stringers have NO splits or shear critical cracks.
** Use when 25% or more of the total number of stringers are repaired for splits or shear critical cracks.
*** Use when 25% or more of the total number of stringers are not repaired for splits or shear critical

cracks.

c Agreeing to Anthony J. Lamanna, Arda Akbiyik, James C. ray, and Gerardo |. Velazquez (May 2007),
“Feasibility Investigation into Strengthening of Timber Bridge Stringers”. Use approximately a 44%
increase of operating shear strength after timber stringers with horizontal splits or cracks are repaired.

Table 1-3
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1.6

AVAILABLE RATING COMPUTER PROGRAMS

A) BrR Software:

CDOT requires the use of AASHTOWare Bridge Rating (BrR) software to perform load
ratings for bridges and reinforced concrete box culverts (CBC).

https://www.aashtowarebridge.com/bridge-rating-and-design/

The main advantages of the program are:
o Its utility for automated batch analysis.
¢ Easily updated load rating when the condition of a structure changes or with new
live loads requirements.
e The BrR software is currently used for CDOT Oversize Overweight Permitting
and Routing (COOPR) program.

Due to limitations of the BrR software or for other reasons, such as post-tensioned
bridges other than the post-tensioned multi-cell box girders, steel box girders, flexible
culverts, or complex structures, hand calculations or other software that complies with
AASHTO codes may be used to determine the load ratings with approval in advance
by the Bridge Rating Engineer.

The BrR software is the AASHTO analytical engine for Load and Resistance Factor
Rating (LRFR), Load Factor Rating (LFR), and Allowable Stress Rating (ASR). This
software supports two or three dimensional bridge descriptions.

The BrR software can perform load ratings for most common bridge types. The
software allows the user to define many bridge alternatives (models) with different
structure types to the same bridge.

The BrR software can select the desired analysis type from the Analysis Settings
window for CDOT’s bridge ratings:
¢ Line Girder setting (Standard Analysis) is required for all ASR, LFR or LRFR load
ratings.
¢ Distribution Factor-Line Girder setting (NSG) can be used for non-standard gage
vehicles, or improving the LFR load ratings for legal or permit vehicles as stated
in Subsections 1,3 (H), 1.15.1 & 1.16.
¢ 3D Finite Element Method setting (FEM) may be used for complex structures
(i.e. curved bridges) with approval in advance by the Bridge Rating Engineer.

The BrR tolerance feature can be set by clicking on the CONFIGURATION BROWSER
[/ SYSTEM DEFAULTS / TOLERANCE in the interface WINDOW. Failure to set the
tolerance values will cause errors during the analysis. When a newer version of the
software is installed, the BrR tolerances must be reset on each user’s computer.

The following tolerance values shall be used with bridge ratings located in CDOT’s
jurisdiction:

US Unit Tolerance Sl Unit Tolerance
ft. 0.01 m 0.003048
in. 0.25 mm 6.35
mi. 0.01 km 0.01
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C)

For structures that designed in Sl unit, the Raters should perform the rating in the Sl
unit. Advantageously, the BrR load rating outputs will automatically report in US unit.

When rating a structure in BrR, the structure number provided by the Bridge Asset
Management Unit (Staff Bridge) will be used for the Structure ID Number. The
following naming convention shall be used to organize the explorer window in BrR.
Overload critical bridges used for routing will be assigned the prefix (Z). Only structures
on the critical list (e.g. older posted and color coded bridges) should be assigned the
prefix (Z). When a rating is in progress or when re-rating a structure, BrR users will
add a (7) as the prefix. Once a rating is completed and sent to the Bridge Rating Unit,
the Staff Bridge Rating Coordinator will remove any prefix before placing in the BrR
global database. Therefore, any structure without a prefix is the final rated structure.
Examples:

F-17-BY: a final accepted rated structure

7F-17-BY: a structure being re-rated or a new rating in progress.

ZF-17-BY: a structure on the critical list used for overload routing.

Before finalizing the rating package for submittal, BrR users shall verify with the Staff
Bridge Rating Coordinator that the correct version of the software is used in the
analysis. This ensures proper maintenance of CDOT’S BrR database for future use.
Ratings submitted to CDOT that are based on older versions will be rejected.

Consultants working with CDOT, or various City and County agencies within the State
of Colorado, can obtain BrR at a discounted rate from the AASHTO; however, a written
certification is required from CDOT Staff Bridge Rating Engineer.

CANDE Software:

CANDE software is a program that requires two parts of analysis including CANDE
modeling & CANDE toolbox. CANDE Modeling software is used to model half of culvert
in 2D finite element (levels 1 & 2 analysis), and CANDE Toolbox software uses to
convert the half culvert model to full culvert model (level 3 analysis), and compute the
Rating factor (RF) for any vehicles. Both parts shall be used together to rate the buried
pipe/arch culverts for all shapes and materials including reinforced concrete, metal
and plastic.

The CANDE software can be downloaded for free at the following address:

http://www.candeforculverts.com/download.html

Buried pipe/arch culverts that are rated with the LRFR method shall use the latest
version of CANDE software.

See BRM Section 14A for culvert rating example with CANDE.

CANDE software is an AASHTO sponsored culvert analysis and design software.
Programs other than the CANDE must be approved in advance by the CDOT Bridge
Rating Engineer.

Staff Bridge Software Library:
Below is a current list of computer rating software available from the Staff Bridge
Branch Software Library available online at:

https://www.codot.gov/business/engineeringapplications/available-software.html
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Any questions regarding the software, including software access, should be directed

to the Staff Bridge Rating Engineer.

1) PLANK-Corrugated Steel Plank Rating: Rates asphalt filled, corrugated metal
plank decks placed perpendicular to traffic.

2) SLAB-Concrete Slab Rating: Rates slabs continuous over three or more supports
with reinforcing placed perpendicular to traffic. The slab must be supported by
longitudinal girders, and cannot be pre-stressed.

3) Timber Bridge Rating: Rates plank timber decks with asphalt filled placed
perpendicular to traffic. Do not use this program for timber stringer rating.

D) Other Structural Software:
When BrR is not applicable for load ratings, other structural software that complies
with the AASHTO codes may be used to support the hand calculations with Staff
Bridge Rating Engineer’s approval. The following software programs are used by
CDOT:

CSI Bridge

SAP2000

LARSA

MDX

LEAP

BRASS

MathCad

Excel, and

Other software as approved

1.7 LOAD RATING OF BRIDGES WITHOUT PLANS

Structural dimensions and material properties are needed to perform load ratings.
However, existing bridges built years ago may not have the construction plans (as-built
plans).

The Rater shall cooperate with the Bridge Asset Management Unit to search for the as-
built plans and any design/rating calculation notes that are available in the ProjectWise
database, bridge Briar server, or structure paper inspection folder; and shall make a
notification to the Bridge Rating Coordinator if the bridge’s information is not available.

Alternatively, the as-built plans may be determined by engineering judgement of
comparable structures with known Standard plans, or plans of other similarly constructed
bridges such as parallel bridges.

When the as-built plans cannot be located, the following may be used to determine the
load carrying capacity:

1.7.1 Bridge Ratings with Field Investigation and Year of Construction

Steel or timber structures may be rated with BrR software using field dimensions, and year
of construction:
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e Measurable superstructure dimensions such as span length, girder dimension,
girder spacing, diaphragm dimensions and locations, deck width, deck overhang,
and deck thickness.

e Based on year of construction, the material properties can be determined by using
Table 1-3.

1.7.2 Bridge Ratings Based on Physical Inspection

A)

B)

Load Capacity Ratings through Engineer Judgment for existing On-system Concrete
Bridges:

As per AASHTO Manual for Bridge Evaluation, 3™ Edition 2018 Section 6.1.4: “A
concrete bridge with unknown details need not be posted for restricted loading if it
has been carrying normal traffic for an appreciable period of time and shows no
distress. The bridge shall be inspected regularly to verify satisfactory performance”;
therefore, the concrete bridges without as-built plans, evaluated with a Colorado NBI
condition coding of 5 or better for girders, and showing no signs of distress due to
load, can be considered having sufficient live load capacity for the design vehicles.

History of CDOT'’s design vehicles according to year of construction:

<1944 H20 Design Vehicle

1944 to Dec., 1993 HS20 Design Vehicle
Jan., 1994 to Dec., 2001 HS25 Design Vehicle
Jan., 2002 to present HL93 Design Vehicle

The Rater uses the appropriate design vehicle above to back-calculate for reinforced

steel area:

1. Determine the material properties based on year of construction by using Table 1-
3.

2. Measurable superstructure dimensions such as span length, girder dimension,
girder spacing, diaphragm dimensions and locations, deck width, deck overhang,
and deck thickness.

3. Based on the field girder dimensions, determine the cracking moment (Mcr) of the
concrete girders.

4. Determine the factored moment (LL + DL) using the multi-lane design vehicle with
full impact.

5. Estimate the reinforcing area or pre-stressed steel area based on the greater of
the factored moment (LL + DL) and the cracking moment.

6. The estimated reinforcing or pre-stressed steel area and field dimensions shall be
used for load rating with BrR software.

Field Inspection Load Ratings for Concrete Culverts and off-system bridges:

When an existing major Concrete Box Culvert (CBC), concrete arch/pipe, masonry

arch, concrete deck, or off-system concrete bridge without as-built plans that is

evaluated with a Colorado NBI condition coding of 5 or better (item 59 for bridges, or

item 62 for culverts); shows no signs of distress due to load, and no change of earth

fills or dead loads for an appreciable period of time, the Professional Engineer

registered in the State of Colorado can assign maximum load ratings as followings:

¢ Assign inventory load rating = 36 tons, and operating load rating = 40 tons for the
Design Vehicle.

e Assign weight limits for the Legal Vehicles by using Table 1-4. Omit the Single-
Unit and Emergency Vehicles on the Rating Summary Sheet (RSS).

CDOT Bridge Rating Manual September 2022



SECTION 1: GENERAL REQUIREMENTS 1-23

1.8

e Assign load rating = 96 tons for the Permit Vehicle. Value not necessary for off-
system structures.

When there are signs of distress, change of earth fill, or deterioration on the structure

rating components, an appropriate judgment should be made to reduce live load

carrying capacities as guidance in sections 8.4 & 14.2.

1.7.3 Non-Destructive Test Loading in the Field

For concrete bridges or concrete culverts, when the amount of reinforcing steel is
unknown and the Colorado NBI condition coding is less than 5, or shows signs of
distress due to load, a non-destructive diagnostic load test in the field shall be
required to estimate the reinforcing area based on the field strain data. The estimated
steel area and field dimension shall be used for load rating with BrR software. For
other methods of determining the steel area, CDOT is not currently confident with
scanning. Destructive load tests are not advised per stability concerns.

Notes for bridges without plans:

1. For steel bridges, if the top flanges of the steel girders are embedded into the

bottom of the concrete deck, the steel girders and concrete deck should be
considered as non-composite slab-girder.
Commentary: per CDOT historic practical design for simplest steel girder types of
non-composite sections, when the top flanges of the steel girders do not have
shear studs, the top flanges shall be embedded into the bottom of the concrete
deck for receiving full lateral bracing.

2. For concrete bridges, the concrete girders and concrete deck shall be considered
as composite slab-girder.

3. For concrete bridges with no visible shear distress, the non-destructive test loading
for shear is not required.

4. The existing multi-span continuous bridges may be rated as a single span as
specified in Subsection 1.4.

MINOR STRUCTURE LOAD RATINGS

A minor structure such as a bridge, culvert or cattle/deer guard is a structure where the
total crossing length, parallel to the centerline of the roadway, is 4.0 ft. to 20.0 ft. The
following shall be considered for load ratings:

A) All existing minor structures will not require load ratings, except when the structural
physical condition does not ensure the safe use of such a structure for vehicles.
e Load ratings are required for all existing minor bridges or culverts with a Colorado
NBI condition coding of 4 or lower for item 59, superstructure or item 62, culvert.
The Bridge Inspector shall review the bridge inspection report, and make a request
as needed. The load rating shall be completed within 60 days after the Rating
Engineer receives the notice.
B) All new or widened minor structures shall require load ratings as follows:
o Steel pipes, steel arches, reinforced concrete pipes, reinforced concrete arches,
cast-in-place CBCs, and precast CBCs that do not meet minimum requirements
for section modulus, material properties, or construction details from the CDOT M-
Standards or ASTM Standards.
¢ New Cattle/Deer guards within CDOT ROW not meeting the minimum M-standard
requirements will require a rating unless they service private roads or accesses.
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e All girder, slab, and truss bridges.
C) Load ratings are not required for minor structures when the earth fill depth exceeds
the limit as specified in the AASHTO LRFD, Section 3.6.1.2.6:
o For single span structures, load ratings are not required where the depth of fill is
more than 8.0 ft. and exceeds the span length.
e For multiple spans structures, load ratings are not required where the depth of fill
exceeds the distance between inside faces of end walls or abutments.

1.9 OFF-SYSTEM STRUCTURE LOAD RATINGS

There is no different load rating performance between on-system and off-system bridges.
The current AASHTO Manual for Bridge Evaluation, and the CDOT Bridge Rating Manual
(except the Overload Color Code Rating, Subsection 1.16) shall be applied to the off-
system structure ratings.

(SUBSECTION 1.10 RESERVED FOR FUTURE USE)
1.11  SUMMARY OF RATING PROCEDURE (IN-HOUSE)

1.11.1 Purpose

The purpose of the rating process is twofold. First, it determines and documents
the maximum safe inventory and operating live load capacities of bridges. Second,
the rating process can help find possible miscalculations or omissions in new
superstructure designs. The design can then be corrected and the plans revised
before the structure is built.

1.11.2 Responsibility

The Rater is the person selected to compute the ratings of a bridge. The Rater is
responsible for gathering all of the required materials, making all of the necessary
calculations, and completing the rating package as outlined in Subsection 1.13.
The Rater must also ensure that the most up-to-date Rating Summary Sheet,
computer program manuals, and any other materials required to perform bridge
ratings are used.

The Checker is the person responsible for verifying that the rating is accurate, that
follows established procedures, and that the rating package is complete. If the
Checker finds any inaccuracies or omissions, the Checker will return the rating
package to the Rater for corrections.

Either the Rater, the Checker or the Engineer responsibly in charge must be a
Colorado Registered Professional Engineer and shall stamp the Rating Summary
Sheet (RSS).

1.11.3 Procedure

See Figures 1.9, 1.10, 1.11 and 1.12 for flow charts of the following:

Rating: The Rater makes the necessary sketches and calculations to show how
the structure was modeled, dead loads were derived, and how other computer
input was defined. The rater shall indicate the source of the structural data. The
only sources of information used for rating shall be Advanced Plans, Construction
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Plans, As-Constructed Plans, and Field Surveys. The ratings are then completed
using the proper rating procedure for the type of structure being assessed.

For new or rehabilitated bridges, if any load rating value is not equal to or greater
than the rating factor limit of 1.0 or the gross vehicle weight limit, the bridge should
be investigated to determine whether or not a re-design is needed. To finish the
rating documentation and complete the rating package, the Rater shall do all of the
following:

A) Completely fill in all of the required forms.

B) Initial and date the computer output.

C) When rating a new design, on a separate sheet of paper, document
the construction status for BMS (Bridge Management System) and
state if the rating is for a new bridge or for the reconstruction of an
existing bridge. This sheet is to be kept with the Rating Summary Sheet.

D) Bind the rating package together.

E) Forward the rating package to the Checker.

Checking: The Checker shall verify all calculations and ratings, e.g., proper
modeling of the structure, accurate calculations, and proper computer input. If the
rating is not complete, it shall be returned to the Rater. The Checker shall sign and
date all of the rating material including RSS, load rating result outputs from
computer programs, and QA/QC check list form once the rating is accepted as
complete and accurate.

Final Step: When the rating and checking is completed, the rating package shall
be forwarded to the Bridge Rating Unit by the Rater via email. The Rating unit will
review the package and if the documentation is incomplete or has errors, the
package will be returned to the Rater. The completed rating package shall be
archived and updated into the BrR & BrM (Bridge Management) database by the
Bridge Rating Unit.

If the load rating is for a new bridge or bridge rehabilitation, the completed rating
package shall be sent to the Bridge Rating Unit at Final Submittal and placed in
ProjectWise prior to Advertisement in accordance with the current CDOT Bridge
Design Manual.

For a description of what shall be included in the rating package, see Section 1.13.
1.11.4 Rating Engineer (Rating Program Manager)

The Staff Bridge Rating Engineer is responsible for the following: managing the
BrR global database for all structures, testing the new versions of the BrR software
for updating the BrR database, provide assistance to in-house staff and
Consultants on bridge rating issues, update the CDOT Rating Manual; coordinate
BrDR migration, coordinate bridge rating software needs; and act as a liaison for
Office of Information Technology (OIT) on bridge rating related matters.

If the rating of an existing structure requires posting or color code, the Bridge
Rating Engineer shall report to the State Bridge Engineer for final determination
and will notify the Region RTD, Region Maintenance Superintendent and the
Permit Office. The Bridge Rating Engineer shall be the signing authority on RSS
for posted or color coded structures based on the Bridge Engineer decision.
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- Complete Bridge rating

NO New or
Rehabilitation?

Rating
Factors < 1.0; or Load
Ratings < Gross Vehicle
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YES _| Return to
Designer

Complete Rating Package
(including RSS that described
all three loading levels of
Design, Legal, and Permit
Trucks per Subsection 1.2).
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Checker
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Figure 1.10 Flowchart for Rater Responsibilities
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Figure 1.11 Flowchart for Checker Responsibilities
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Figure 1.12 Flowchart for Bridge Rating Unit Responsibilities
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1.12

SUMMARY OF RATING PROCEDURE (CONSULTANTS)

The rating procedure for consultants is similar to the procedure described for Staff Bridge
Design’s "In-House” ratings. The differences arise in preparing for rating, defining
responsibilities, and in directing lines of communications. Nonetheless, a complete
description of the process, with defined responsibilities and definitions follows.

See Figure 1.9, 1.10, 1.11 & 1.12 for flow charts of the following:

Rating: For ratings performed by Consultants, the term Rater, as used in this
subsection, relates to an individual who is an agent of the hired consultant. This person
will be responsible for structure ratings and will be the point of contact with the Colorado
Department of Transportation Staff Bridge Design. The Staff Bridge Design contact for
the Rater will be arranged at the outset of the contract. Any rating questions or requests
should be communicated between the consultant's rater and the identified Staff Bridge
Design contact.

The Rater will be responsible for gathering all the required materials, performing all the
necessary calculations, and completing the rating package as stipulated in Subsection
1.13.

The Rater must have the most up-to-date computer program manuals, Rating Summary
Sheets, and any other materials required to perform bridge ratings. The Rater can do
this by simply checking with their Staff Bridge Design contact.

The formal rating analysis now begins. The Rater shall make the necessary calculations
and sketches to show how the structure was modeled, how dead loads were derived,
and to identify any other pertinent information. The rater shall indicate the source of the
structural data. The only sources of information used for rating shall be, advance plans,
construction plans, as-constructed plans, and field surveys. At no time shall design
notes be used to rate a structure.

After this information is compiled, the Rater shall then use the appropriate analysis and
computer programs to determine the structural capacity of the bridge. Subsection 1.6
in this manual covers the appropriate structural type for a description of the computer
programs and analysis to be used.

If the rating is for an existing bridge, completely constructed and in service, then all the
rating documents shall be completed, signed, and dated by the Rater, and then
forwarded to the Checker.

If the rating is for a new design, the Rater shall check to see that the new design is
adequate. If any load rating value is not equal to or greater than the rating factor limit
of 1.0 or the gross vehicle weight limit, the cause should be identified and the
structural designer contacted for a possible redesign. Otherwise, all the rating
material shall be completed, signed, and dated by the Rater and forwarded to the
Checker.

The Consulting firm’s name shall also appear on all submitted sheets of the rating
package.
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1.13

Checking: The term Checker, as used in this subsection, refers to a person who is an
agent of the hired consultant. The Checker has the responsibility for verifying that the
rating calculations, structure modeling, and computer inputs are proper and accurate.
If the Checker finds any errors or omissions, the Checker shall return the rating to the
Rater for corrections. Once the rating is complete, the Checker shall sign and date all
rating materials before forwarding them for the final step.

Either the Rater, the Checker or the Engineer responsibly in charge must be a Colorado
Registered Professional Engineer and shall stamp the Rating Summary Sheet.

Final Step: The rating package shall be submitted by the Consultant to the appropriate
Staff Bridge Design contact via e-mail. This ensures that the contact is aware of the
rating submittal.

If the load rating is for a new bridge or bridge rehabilitation, the completed rating
package shall be sent to the Bridge Rating Unit at Final Submittal and placed in
ProjectWise prior to Advertisement in accordance with the current CDOT Bridge Design
Manual.

The package of materials received by the Staff Bridge Design contact will then be
transmitted to the Bridge Rating Unit for recording. Bridge Rating Unit DOES NOT verify
the accuracy of bridge ratings. If the information is not complete at this step, the rating
will be returned to Staff Bridge Design’s contact for completion. The contact will have
the Rater complete the rating documentation before returning it to the Bridge Rating
Unit. The completed rating package will be recorded and filed by the Bridge Rating Unit.
For a description of what shall be included in the rating package, see Subsection 1.13.

If the rating is for an off-system bridge, a duplicate submittal of the rating package shall
be delivered to the applicable entity by the Rater if requested or required by the entity.

RATING PACKAGE REQUIREMENTS

The following defines what the minimum requirements are for a complete rating package
submittal. The rating examples contained in this manual further illustrate what is described
below.

A)

For a completed Rating Summary Sheet, refer to Subsection 1.14 of this manual for a
description on how this sheet shall be filled out. The summary sheet should be printed
on colored paper to designate the analysis method used. See Appendix A for copies
of these forms.

A set of calculation sheets showing the derivation of dead loads, live load distribution
factors, sketches for how the structure was modeled, engineering judgment, computer
input information, emails, and other relevant considerations. Where applicable, the
calculation sheets should show how any deterioration or damage was modeled.
Indicate from what source the information was gathered. The only sources of rating
information shall be, Advance Plans, Construction Plans, As-constructed Plans, Field
Surveys, and the most updated Structure Inspection Report. Design notes are not
acceptable. One copy of pertinent plan sheets used during the rating process,
preferably 8.5"°x14”, shall be included with the rating package (includes new structures
and existing structures rerated for designed changes).
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C) BrR users shall use the tabular report format to generate the output report to be
included in the rating package. For users of other computer programs, output from
each of the programs used to rate a structure shall be included in the rating package.

D) To enable CDOT to reproduce an analysis of the structure in the future, all rating
packages shall include rating input files in electronic format as follows:

1) File names shall be based on Structure Number (i.e. H-02-FK.PDF or HO2FK.SLB
or HO2FK.XML).

2) File extensions should generally refer to the rating package used (i.e. *.SLB refers
to SLAB Rating Program and *.xml refers to BrR Rating Program).

3) The electronic file submittal must be placed in ProjectWise unless otherwise
specified by the Rating Engineer.

This is required for all bridges, regardless of what software is used for rating.
A) A rating for the bridge deck, except for LRFR rating, shall accompany each package.

B) When the rating is for a new design, on a separate sheet of paper, state the status of
construction for the project and state if the rating is for a new bridge or for the
reconstruction of an existing bridge. This sheet is to be kept with the Rating Summary
Sheet.

C) The Rater and Checker's signature, date, and a Colorado PE seal from either the
Rater, Checker or the Engineer in responsible charge are required on the Rating
Summary Sheet. For other items in the rating package (e.g., calculation sheets, first
page of each set of computer output), the Rater and Checker’s initial and date are
required. In addition, the structure number is required to be shown on all items in the
rating package.

D) All of the items that compose the rating package shall be placed in an inspection file
folder and an electronic rating folder that is clearly labeled with the structure number.
Each structure rated shall have its own folder with a complete rating package. This
requirement includes structures whose rating results or calculations duplicate those
used for another structure.

1.14 REPORTING THE RESULTS OF RATING CALCULATIONS

The results of rating calculations are to be reported by the Rater on the appropriate CDOT
Rating Summary Sheet (Timber/ASD Rating Summary or Load Factor Rating Summary
or Load and Resistance Factor Rating Summary). See Figures 1.13, 1.14, and 1.15. The
electronic editable of these forms are also available in the Appendix A for Rater’s use.

e Yellow paper shall designate use of the AASHTO ASD method.

o Green paper shall designate use of the AASHTO LFD method.

¢ Blue paper shall designate use of the AASHTO LRFR method.

For load rating of a special vehicle that is not specified in the Rating Summary Sheet such
as maintenance H5 truck used for pedestrian bridge, the Rater may modify the Rating
Summary Sheet.
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For structures that do not need to be rated, such as the case when the depth of fill exceeds
the limits, or structures that no required ratings for the single-unit trucks when the NRL
rating factor is 1.0 or greater. The Raters may use the Gross Vehicle Weight (GVW) as
shown in the Figures 1-1 to 1-8 of Subsection 1.2 to report on the RSS. The inventory and
operating of the design vehicles may be reported as 36 tons and 40 tons respectively for
LFR methods, and RFs of 1.0 and 1.1 for LRFR method.

The Rating Summary Sheet is retained in the structure folder as a record of the adequacy
of the structure. The following items are to be observed when filling out the sheet.

A)
B)

C)

D)

E)

The sheet is to be filled out in black ink.
All lettering should be clearly printed.

Crossing out of incorrect data will not be permitted. If an error is made, fill out a new
RSS.

The sheet must be signed and dated by both the Rater and Checker. Do not initial the
sheet. When rating is performed by a consultant, the name of the consulting firm shall
also be shown. The sheet must be PE-sealed by either the Rater, Checker or Engineer
in responsible charge registered in the State of Colorado.

When the bridge is re-rated, the old Rating Summary Sheet shall be crossed out, and
still kept in the inspection structure folder.

Information to be shown by the Rater on the Rating Summary Sheet:

A)

Record the structure number, state highway number, BrR BID number (to be filled in
at a later date in the Rating Unit), abbreviation of structure type and, when appropriate,
the parallel structure number. In addition to entering the state highway number, if the
structure is located on a divided highway and carries traffic in one direction only,
indicate the direction of traffic (EB, SB, etc.). Indicate if the structure carries ramp
traffic.

Within the Summary Sheet, record the Inventory and Operating ratings obtained for
each element requiring an analysis, show controlling load ratings in the comments
box. All ratings shall be reported in truncated tenths of a US ton, or truncated
hundredth of a rating factor if applicable (see also section 15-9 for LRFR reporting).

1) Stringers or Girders

a) When an exterior girder is rated, both the interior and the exterior girder ratings
shall be shown. The columns of the Summary Sheet shall be marked to identify
the interior and exterior girders.

b) When the refined distribution factor method is used for the legal loads or permit
vehicles to avoid the posting or color code action, the controlling load ratings of
interior girder or exterior girder shall be shown on a separated column named
“‘NSG”. The exterior girder load rating of the permit vehicles does not need to
be recorded on this column.

c) Forrolled steel beams, state the girder type and size.

d) When applicable, state if the girder is an original girder or a girder installed
during structure widening.
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Note: If a structure is widened with girders that are different from the original in
either cross-section or material properties, both the original and the widened
girders shall be rated and the critical original and critical widened girder loads
shown on the summary sheet.
2) Decks
a) For all existing decks designed before October 1%, 2010, and new metal / timber
plank decks, record load ratings for design truck only.

e Transversely mild steel reinforced concrete deck slab that are continuous
over more than 3 supporting girders shall not be used to control the overall
bridge load rating.

e The load rating of other deck types (e.g. timber decks, metal plank decks,
etc.) may be used to control the bridge load rating.

b) For new concrete decks, no need to record load ratings except as requested.

3) Trusses
a) Record the critical member ratings, gusset plate, floor beam or stringer ratings
in the appropriate columns of the Rating Summary Sheet.
b) Label the truss members shown in the report using standard truss notation. See
Section 10A.

C) Ifa posting vehicle analysis is required for Colorado Legal Vehicles, record the posting
ratings in the chart portion of the summary sheet only. For State on-system Highway
bridges, the State Bridge Engineer will make the determination of actual posting load
and the pictorial trucks will then be filled in. For bridges that are not on the state
system, the appropriate entity officials will determine structure load postings for
structures under their jurisdiction.

D) Indicate the amount of surfacing used in the rating calculations.

E) The Comments section of the Rating Summary Sheet should contain the following
information, when applicable:

1) State if the individual critical member rates considerably below the other structure
members, and is not representative of the entire structure.

2) State any reductions in cross-section or allowable stresses used to rate the member
and the reason for the reduction.

3) The recommended color code for on-system bridges. The State Bridge Engineer
must approve any color code recommendations of black, orange, and yellow.

4) State reason for rating: New structure or Rerating due to asphalt changes / dead load
changes/ Damage per Inspection, etc.

F) If an original structure rated by LFR method, and the widening part is rated by LRFR,
both Rating Summary Sheets of LFR and LRFR need to be filled out appropriately.

G) When rating timber members, the “Comments” section of the Rating Summary Sheet
shall contain the allowable stresses for moment and shear used to rate the structure.
A statement should be made to indicate if the rating was controlled by moment or
shear.
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1.15 POSTING AND CLOSURE OF A BRIDGE DUE TO RATING REPORT OF LEGAL LOAD
VEHICLES

1.15.1 Posting Legal Load Vehicles

Posting vehicles are used to determine the maximum legal load vehicles that will be
allowed to travel on bridges. The posting for legal load vehicles are composed of the
maximum vehicle loads currently permitted by law. Consequently, the Posting Ratings are
a means for ensuring the safe use of bridges by vehicles that do not exceed the legal
loads.

The legal load vehicles for posting are as follows:

A) Colorado or Interstate Legal Loads Type 3, Type 3S2 and Type 3-2.
B) Single-Unit trucks SU4, SU5, SU6 and SU7.

C) Emergency vehicles EV2 and EV3.

The maximum weight limits for Colorado legal vehicles, Single-Unit Truck and Emergency
Truck are shown in Tables 1-4, 1-5 and 1-6 respectively.

Postings for the Single-Unit trucks SU4, SU5, SU6 and SU7 loads are not required if the
load rating for the NRL vehicle has the capacity of 40 tons or greater. Otherwise, load
ratings for the single-unit SU4, SU5, SU6 and SU7 loads shall be performed to determine
which single-unit vehicles will be restricted from crossing the structure. Currently, the
gross vehicle weights of SU6 and SU7 do not meet the Colorado Bridge Formula.
Therefore, maximum gross weight limits for posting of SU6 & SU7 on non-interstate roads
shall supersede with values that are determined by the Colorado Bridge Formula. See
Table 1-5.

The deck slab ratings are not to be used in the determination of legal load postings.

The posting load for Emergency Vehicles shall only be required for bridges on the

Interstate highways, and within one-road-mile of the reasonable access.

NOTE: Reasonable access is the access between the Interstate highways and the
facilities for food, fuel, repairs, and rest, which includes the Interstate access
ramps, and the State’s roads.

Based on successful of CDOT historical practice, a safe posting load as specified in the
MBE, equation 6A.8.3-1 should not use.

The posting load for Legal vehicles shall be based on the lowest load rating in truncated
US tons of any primary members such as girders, in-span hinge, stringers, truss, floor-
beam, and truss connections, etc.

When the operating rating factor of any legal load vehicle falls below 0.3, then the bridge
shall be restricted for all legal load vehicles.

For possibilities of adjustment to the distribution of live load to increase load ratings and
avoid the posting action, see Subsection 1.3 (H).

For structures that do not use 1.3 (H), when the operating ratings of the legal loads are
greater than or equal to 95%, the structure can be exempted from posting requirements.
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The State Bridge Engineer will make a final determination for posting. The decision for
bridge posting shall be based on the bridge physical condition, visible distress, structure
redundancy, and traffic volume. If a structure rating indicates a need for posting, the Bridge
Rating Engineer is the signing authority for structure posting, and shall notify to the Permit
Office, Region RTD and Region Maintenance Superintendent. The Region Maintenance

or bridge owner has 30 days to install the posting signs after receiving the formal letter.

US Units | Non-interstate Road Interstate Hwy
Type 3 Vehicle Tons 27.0 24.0
Type 3S2 Vehicle Tons 42.5 38.0
Type 3-2 Vehicle Tons 42.5 39.0

Table 1-4: Maximum

Weight Limit for Type 3, Type 3S2, and Type 3-2 Legal Trucks.

US Units | Non-interstate Road Interstate Hwy
SuU4 Tons 27.0 27.0
SuU5 Tons 31.0 31.0
SuU6 Tons 33.0 (¥) 34.75
SuU7 Tons 35.0 (*) 38.75

interstate roads.

Table 1-5: Maximum Weight Limit for Single-Unit Trucks
(*) Use maximum gross weight limits computed from the Colorado Bridge Formula for non-

US Units | Non-interstate Road Interstate & Reasonable
Access Roads
EV2 Tons N/A 28.75 (**)
EV3 Tons N/A 43.0 (*x*)

Table 1-6: Maximum Weight Limit for Emergency Trucks.

(*+) Does not meet Federal Bridge Formula B, but they could cover situations when
Emergency Vehicles need access to Interstate Highways, or Reasonable Access.

1.15.2 Posting Signs

The posting signs shall comply with the MUTCD (Manual on Uniform Traffic Control
Devices) requirements, and CDOT’s Sign Design Manual, latest edition.

Figure 1.16 shows examples for weight limit posting signs of Colorado/Interstate Legal
Vehicles, Specialized Hauling Legal Vehicles, and Emergency Vehicles, which are
appropriate for conventional roads, expressways, and freeways using different letter
heights of 3.0”, 5.0”, and 6.0” respectively.

e Conventional road is a road that allows direct access to homes and businesses
along it, or a low-volume highway of less than 400 Annual Average Daily Traffic
(AADT).

o Expressway is a highway that allows partial control of access.

e Freeway is an Interstate highway that allows full control of access.
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unadiiill I 7 AXLES 35T 20
Colorado / Interstate Specialized Hauling
Legal Vehicles Vehicles
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2.7" 2.7"
EMERGENCY 30, WEIGHT LIMIT 39
5 VEHICLE 305 &2 0
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LEGAL LOAD POSTING SIGNS FOR CONVENTIONAL ROADS
(3.0” Letter Height, Series E)
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WEIGHT | = . o
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Colorado / Interstate Specialized Hauling

Legal Vehicles Vehicles
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Figure 1.16
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LEGAL LOAD POSTING SIGNS FOR FREEWAYS
(6.0” Letter Height, Series E)
Figure 1.16 (Continued)
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1.16

1.15.3 Closure of a Bridge Due to a Rating Report of Legal Load Vehicles

When the operating load rating of any Legal Load vehicle type not capable of carrying a
minimum gross live load weight of three tons, the bridge must be closed.

The Rating Engineer and the Inspection Engineer shall review the rating package and
the inspection report accordingly before making a recommendation to the State Bridge
Engineer to close or restrict the bridge. An appropriate Plan of Action (POA) for closing
the bridge shall be determined by the State Bridge Engineer that follows the procedures
of the Structure Management Manual (SMM).

OVERLOAD COLOR CODE RATING

The Overload Color Code ratings are used to determine the routes, and the maximum
group axle weights of the permit vehicles that will be allowed to travel on Colorado bridges.

The Colorado Permit Load Rating Vehicles (Colorado Permit Vehicle and Colorado
Modified Tandem Vehicle) need to be used to determine the Overload Color Code.

The Overload Color Code shall be based on the primary element ratings such as interior
girders, in-span hinges, truss members, exterior/interior stringers of a truss structure, floor-
beams, truss connections, etc. The deck slab and the exterior girder ratings are not to be
used in the determination of Color Code.

When a bridge that was constructed or rehabilitated after 1985 is rated or re-rated, it shall
receive a Colorado Permit Vehicle operating rating with full impact and multi-lanes loaded
as per Subsection 1.3.

When a bridge that was constructed in 1985 or earlier is rated or re-rated, it may receive
Colorado Permit Vehicle operating rating with full impact and one lane loaded as specified
in the Subsection 1.3.

When a bridge with span length of 60’ or less that was constructed in 1985 or earlier is
rated or re-rated, it may receive Colorado Permit Vehicle and Colorado Modified Tandem
operating ratings with full impact and one lane loaded as specified in the Subsection 1.3.
If the Overload Color Code based on the Colorado Permit Vehicle rating causes more
severe restriction on the bridge, the Colorado Modified Tandem Vehicle rating may be
used to determine for bridge’s color code.

When existing LFD bridges are widened with the LRFD method, the permit vehicle load
ratings of the original structure part shall be used to determine the Overload Color Code.

For possibilities of adjustment to the distribution of live load to increase load ratings and
avoid the color code action, see Subsection 1.3 (H).

Overload Color Code is not applicable to off-system structures.

The Overload Color Codes Table is shown below:
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Table 1-7: Overload Color Codes

Unit ‘ White ‘ Yellow Orange Black

Permit Vehicle UStons | 96X | 96>X=>88.5|88.5>X=280.5]|805>X

Modified Tandem Vehicle | UStons | 50<X | 50> X =46 46 > X =242 42> X

X = Operating load rating value of Colorado Permit Vehicle or Modified Tandem Vehicle.

The State Bridge Engineer will make a final determination for the structure color code. The
decision for bridge color shall be based on the bridge physical condition, visible distress,
structure redundancy, and traffic volume. If a structure rating indicates a need for colors
of BLACK, ORANGE, or YELLOW, the Bridge Rating Engineer will be notified for approval
and generation of a formal letter to the Permit Office, Region RTD and Region
Maintenance Superintendent. The Bridge Rating Engineer shall be the signing authority
on RSS for color coded structure based on the State Bridge Engineer decision.

1.17 RE-RATING EXISTING / NEW BRIDGES

When the condition of a structure changes such as the condition state, dead load, new
live loads requirements, or rehabilitations, a re-rating of the structure may be required.
Examples when re-rating may be considered:
¢ Bridge damaged by vehicular hits.
¢ Bridge deterioration due to severe corrosion / section loss in steel elements, cracking
/ spalling in concrete superstructure, or split / decay in timber stringers.
¢ Additional loads of sidewalk, railing, barrier, utilities, fill or deck overlay, etc.
¢ Deck replacement, widening, adding new girders.
¢ Section loss reported on gusset plates.
o New Federal regulation or specification requiring new live loads such as Notional
Rating Load (NRL) Vehicles, Single-Unit vehicles, and Emergency Vehicles.

Specifically, the requirements for re-rating of the structures are as followings:

A) When requested from the Inspection Unit after the bridge inspection report, or the
accident report was reviewed by a senior Inspection Engineer, due to reduced
structural capacity at critical locations. The load re-rating shall be completed in-house,
within the Staff Bridge Rating Unit within 60 days after the Rating Engineer receives
notice.

B) For any structural design work on an existing bridge that has not yet been rated with
the BrR program, the bridge shall be re-rated by the Design Engineer or Staff Bridge
Rating Unit.

C) For changes of dead load due to a structural work on the existing structure that is rated
with BrR program, if the operating load rating for any vehicle changes more than 3.0%;
or affects the posting and the color code, the BrR input file and the Rating Summary
Sheet (RSS) shall be updated by the Design Checker or Designer.
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D) When two parallel structures are connected by a median closure project, the bridge
| shall be re-rated by the Design Checker or Designer.

E) For culvert extension, bridge widening, or rehabilitation, the bridge shall be re-rated by
the Design Checker or Designer.

F) For structure under construction revised by a Value Engineering Change Proposal
(VECP), or a Contract Modification Order (CMO), the proposed structure shall be rated
/ re-rated by the Contractor’s Engineer, or the Engineer of record.

G) A re-rating is required for a change in thickness of asphalt overlay greater than or
equal to 3”.

H) If 25% of the total number of timber girders or stringers are split, cracked, or repaired,
a new load rating based on reduction of allowable stresses is required.
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SECTION 3

Bridge Decks

Section Subject Page No.

3-1 Introduction to Rating Bridge Decks. .........ccccceeeeeeeeennnn. 3.2

3-2 Concrete Slab Ratings. .......ccccoeeveeiiiiiiveiicee e 3.3
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3-3 Corrugated Steel Plank Ratings. ............ccceeiiiiiieeeeeenee, 3.12
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3-1 Introduction to Rating Bridge Decks

This section covers the rating of bridge decks.

Reinforced concrete decks supported by longitudinal girders, with main reinforcement placed
perpendicular to traffic, and asphalt filled metal plank decks placed perpendicular to traffic will
be rated with the CDOT computer programs discussed in subsections 3-2 and 3-3.

When design plans are available, use the applicable concrete strength and steel yield stress or use
the values shown in table 100-1 (Y ear of Construction - Allowable Bending Stress Table) for the
appropriate year of construction. See Subsection 100-4.

When plans are not available for a concrete deck, and the deck shows no signs of failure, then the
assignment of rating values will not be required. However, if the condition of the deck indicates
probable failure, then rating values shall be assigned as stipulated in subsection 600-5. The rater
shall indicate on the rating summary sheet that plans are not available for the deck.

Transverse nail laminated and transverse plank timber decks are to be rated using the guidelines
in Section 300, Timber Bridges.

All other types of bridge decks will be rated in compliance with the applicable guidelines within
this manual and the AASHTO code. Hand computations will be acceptable.

For reinforced concrete slabs with main reinforcement parallel to traffic, see Section 600 -
Concrete Bridges, for rating directions.
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3-2 Concrete Slab Rating

Reinforced concrete deck slabs meeting the following conditions shall be rated with the SLAB
computer program by the load factor method using current AASHTO Specifications:

A. The slab must be supported by longitudinal girdersor stringers with the main slab
reinforcement placed perpendicular to the girders or for skews less than or equal to 20°.

Skew is defined as the deviation in degrees of the reinforcement from perpendicular to
the girders. The reinforcement may have a different skew than the structure.

B. The slab must be continuous over three or more supports. See the current Staff Bridge
Design Memo 601 for descriptions of effective span and general deck slab design
information.

A load factor rating example is shown in this subsection.

Description of Input for Concrete Slab Rating Program

Column Description Units Data Type

1 Load Type One Numeric Character
1 = Colorado Trucks (use for bridges carrying Colorado Highways, i.e. SH287)
2 = Interstate Trucks (use for bridges carrying Interstate Highways, i.e. 170 or 125)

2-8 Structure Number Seven Alpha or Numeric Characters
Use the Colorado structure number or other designation for the structure such as county
or city structure number.

9-11 Rater Three Alpha or Numeric Characters
Used to designate who the rater is. Typically the initials are used.

12-14  Highway Number Three Alpha or Numeric Characters
Used to designate the Highway Number (i.e. 170 = 70 or SH287 = 287).

15-20 BatchID Six Alpha or Numeric Characters
The Batch ID is assigned by the Staff Bridge BRIAR Unit and uniquely identifies the
structure.

21-41 Comments 21 Alpha or Numeric Characters

Any additional information needed to define the slab (i.e. 70 Degree Skew).
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3-2 Concrete Slab Rating

Column Description Units DataType

42 -46  Effective Span Length (feet) Five Numeric Characters
The effective span length input as an integer to three decimal places, see
the drawings below. The rater shall exercise care in determining the
effective span length for slabs having main reinforcement placed at
angles other than 90 degrees measured from the centerline of girder.
For these cases, the effective span shall be the distance calculated
parallel to the main reinforcing steel.

Use all decimal places even if they are zeros because the program does not
recognize blank input as a zero..

I
v | ]
Flange 'E"‘ EFF. SPAM LEMGTH
% GIRDER = m— - (ircer Centerline
Effective Span Length = S/Sine(Theta>
"f' Theta
TE SRRV

- —— —— - - Girder Centerline

EFF. SPAN LENGTH j

47-51  Actua Slab Thickness (inch) Five Numeric
Characters

The actual slab thickness input as an integer to three decimal
places, see the drawing on the following page.

52-56  Distanceto Top Reinforcing Steel  (inch) Five Numeric Characters
The distance from the from the bottom of the slab to the center
line of the top reinforcing steel as an integer to three decimal
places, see the drawing on the following page.

57-59  Top Reinforcing Steel Area (sg.in.) Three Numeric Characters
The area of the top reinforcing steel over the girders as an
integer to two decimal places, see the drawing on the following
page.
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3-2 Concrete Slab Rating

Column Description Units DataType

60-63  Bituminous Overlay (inch) Four Numeric Characters
The average asphalt thickness as an integer to two decimal
places, see the drawing below.

64-67 f.for Concrete (psi) Four Numeric Characters
The value of concrete strength is from the plans or table 1-1 (Year of
Construction - Allowable Bending Stress Table) for the appropriate year
of construction.

68 - 72 K for Reinforcing Steel (psi) Five Numeric Characters
The value of steel yield stress is from the plans or table 1-1 (Year of
Construction - Allowable Bending Stress Table) for the appropriate year
of construction.

73-74  Leave Blank for Load Factor
For a load factor analysis, the rater shall leave "N" blank for program
input.

75-77 Distance to Bottom Steel (inch) Three Numeric Characters
The distance from the bottom of the slab to the center line to the
bottom reinforcing steel, taken at a point midpoint between the
girders shown as an integer to two decimal places. see the
drawing below.

78 -80  Bottom Reinforcing Steel Area (sg.in.) Three Numeric Characters
The area of the bottom reinforcing steel midpoint between the
girders shown as an integer to two decimal places. see the
drawing below.

Typically the bottom and top steel areas are the same.

Top Reidarcing Steel | Bitumingus Cverlay
'7..".-'-_1-':5-11.-5',';. —_—
e e
C n Actisd Slsh Thicknags
== 1

Digtance Trom Botiom Lo

Baofiom Reinforcing Steel § Top Reint.

irder .
Girde Distance from Ballom

to @ Bodtom Redind.
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3-2 Concrete Slab Rating

Description of Output for Concrete Slab Rating Program

. Input Data

The input data coded by the rater is printed. The reported value of N isthe
calculated value for load factor analysis.

Il. Output Results

A. Total dead load moment for the portion being analyzed.

B. Liveload plusimpact moment due to HS 20 loading.

C. Gross vehicle weight of HS 20 truck.

D. Calculated concrete and reinforcing steel stresses based on a HS20 vehicle.

E. Total member capacity at inventory and operating level.

F. Member capacity for live load plusimpact at inventory and operating level.

G. Ratingsintonsat inventory and operating level.

H. Ratingsfor posting vehicles when operating rating is less than 36.0 tons. The
program analyzes either the Colorado Legal Loads or the Interstate Legal Loads

depending on user input. Ratings for posting vehicles are determined from the
operating capacity.
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3-2 Concrete Slab Rating

Guideline for Rating Cantilever Portions of Concrete Bridge Decks

Usually, deck overhangs at the exterior girder do not control the slab rating. However,
the rater should use judgment in determining if the overhang should be rated. A criteria
that may be used is:

Rate the cantilever portion of the concrete bridge deck if the wheel load can be applied
outside the exterior girder by a distance equal to or greater than the distance from the
bottom of the slab to the centerline of the top reinforcement, see the following drawing.

Eclge of Girder

Wheel Line
Foge Distance—— =
Top Reinforcing Steel
X a < qu
a
\ a, 4
| / i
| /
R =
! /I /

Bottom Reinforcing Steel

Notes

The Edge Distance is per AASHTO 32421
and is equal to 1 foot

If X is greater than d then consider
rating the overhang
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See also AASHTDO 32451
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CDOT Staff Bridge
Rating Manual Example CONCRETE SLAB RATING
DESCRIPTION INPUT UNITS | CARD IMAGE COLS.
LOAD TYPE: 1
1 = Colo. Trucks
2 = Interstate
2
STRUCTURE NUMBER: E.—,1 , 7.~ H.Y 2-8
RATER: M,A N 9-11
HIGHWAY NUMBER: L G 7a0 12-14
BATCH I.D.: .H‘7.310.O.2 15-20
COMMENTS IMIEIDI‘ lAlN: 1CIL lol 21-41
1 U 1 Rl EI 1 1 1 1 I 1
EFFECTIVE SPAN LENGTH: L g 6.6.7 FEET 42 - 46
ACTUAL SLAB THICKNESS: ) .e.O 0.0 INCHES 47 - 51
Distance to Top Reinforcing Steel , L, 6.),8,8]INCHES 52 - 56
Top Reinforcing Steel Area: 0.6, ] In2/Ft 57 - 59
ASPHALT OVERLAY: . 4.0,0 INCHES 60 - 63
Concrete Strength (f'c): 4.5,.0,0] PSL 64 - 67
Steel Yield Strength (Fy): G.0.0,0.0] PSS! 68-72
Es/Ec 73-74
Leave Blank for Load Factor:
1 1
Distance to Bottom Reinforcing Steel: ,1.8.1 INCHES 75-77
Bottom Reinforcing Steel Area: 0. 6, | | In2/Ft 78 -80
L. ] . L o fonr !
: '.i? e L " '??7.' *
1/4 S s J
Flange |\ EFF.SPAN LENGTH 1" stringer EFF. SPAN LENGTH j
€ GIRDER ¢ STRINGER
Tension Steel | Bituminous Overlay
o 1
G Girder T VORI Slab thickness (max.)
S : - N
Eff Span _ _S ! | ]
Length SIN© g Distance from Bottom to
Compression Steel G Top Reint.
- ——— Girder P
Girder .
Slab Steel Distance from Bottom
to @ Bottom Reinf.
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3-2 Concrete Slab Load Factor Rating Example

Computer Program Output

SLAB RATI NG Version 1.0
DATE: 95/03/21

STRUCTURE NO. E-17-HY RATER MAN STATE HW NO. = 70
BATCH | D= H73002 DESCRI PTION:  MEDI AN CLOSURE
LOAD FACTOR RATI NG COMP STEEL NOT USED---LOAD FACTOR RATI NG

| NPUT DATA
EFF. SPAN(FT)= 9. 667 EFF. DEPTH(INS) = 6.188
REINF. (SQ IN = .61

SLAB TK(IN)=  8.000 VEEARI NG SURFACE(I N) = 4. 00
CONC. STRENGTH(PSI) | Nv= 4500. OPER= 4500.
STEEL YIELD (PSI) |Nv=60000. OPER=60000.

N= 8.

Dl= 1.81 ASl= .61
DEAD LOAD NMOVENT 1.38 K-FT
LL+l MOVENT 6.07 K-FT
GROSS W\EI GHT 36.0 TONS

| NVENTORY OPERATI NG

ACTUAL CONCRETE STRESS (PSI) 1500. 48 2325. 40
ACTUAL REINF. STEEL STRESS (PSI) 27987. 38 43374. 04
ACTUAL COVP. STEEL STRESS (PSI) 612. 67 949. 50
MEMBER CAPACI TY (K- FT) 15. 89 15. 89
MEMBER CAPACI TY (LL+l) (K- FT) 14. 09 14. 09

RATI NG ( TONS) 38. 60 64. 33

Manual calculations to convert from U.S. Tons to Metric Tons

Inventory = 38.60 * 2000 / 2204.6 = 35.0 metric tons

Operating = 64.33 * 2000/ 2204.6 = 58.4 metric tons
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1300-2 Concrete Slab Load Factor Rating Example
Given Information:
Structure Number:  E-17-HY LOAD TYPE: Ly;=2
Rater: MAN 1 = Colorado Trucks
Higway Number: 70 2 = Interstate Trucks
Batch I.D.: H73002 Effective Span Length (feet) = L = 9.667
Comments: Median Closure Actual Slab Thickness (inches) = T := 8.000
Asphalt Thickness (inches) = HMA = 4
Reinforcing Steel:
Area (in?/ft) Location from the bottom of the slab (inches)
Top Mat Over the Supports= A=061 Top Mat Location = D;:=6.188
Bottom mat between the supports = A ;:= 0.61 Bottom Mat Location= D= 1.81

Reinforcing Steel Yield Strength (psi) = fy = 60000

Concrete Compressive Strength (psi) = f = 4500
Calculations:
Deadload:

Distributed Deadload:

Concrete: W, - T 150 W . =100
12
Asphalt: W = %.144 Wa:48
Total (Ibs/foot) = -
-W ct W a W =148
w2 o1
Deadload Moment (ftk): M g == =08 M g =1.383

Note: 0.8 is the Continuity Factor

L+2

Live Load Moment: M = 16 pos

-0.8:1.3 M Il =6.067

Note: 1.3 is the impact factor
The live load formula is from AASHTO 3.24.3.1
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1300-2 Concrete Slab Load Factor Rating Example (Continued)
Resisting Moment over the Support (ft-kips):
Steel Tension (pounds) = Ti=Af y Tt =3.66-10"
Tt
Concrete Compression Block (inches) = a; = ——————~ a;=0.797
(085f 12)
Strength Reduction Factor: ¢ = 0.9
a) 1
Tt. D t- ==
M, = 2) 12 M, =15.892
U 1000 v
Final Rating:
M, -13M
u d 2000
Inventory Rating (metric tons) = -36- =34.963
y Rating ( ) 217M, 22046 —
M, -13M
u d 2000
Operating Rating (metric tons) = -36 =58.361 ‘

13M) 22046
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3-3  Corrugated Steel Plank Rating

The Plank Rating Program investigates corrugated metal flooring based on a one-inch strip
transverse to traffic. Currently, the Plank Rating Program will only produce aworking stress
rating which satisfies the AASHTO specifications, except the program assumes a 20-inch by 20-
inch tire contact area. However, the program can be used to generate the Deadload and Liveload
Moments. The values produced by the program can then be used to generate a L oad Factor
Rating using the appropriate factors and formulas. The hand calculation rating analysisin this
subsection illustrates the methods used by the program except for the final step which produces a
Load Factor Rating.

Description of Input for the Plank Rating Program

Column Description Units DataType

1-7 Structure Number 7 Alpha or Numeric Characters
Use the Colorado structure number or other designation for the structure such as the
county or city structure number.

8-10 Rater 3 Alphaor Numeric Characters
Used to designate who the rater is. Typically the rater’s initials are used.

11-13  State Highway Number 3 Alphaor Numeric Characters
Used to designate the highway number (i.e. 170 = 70, SH287 = 287, CR113 = 113).

14-19 Batchl.D. 6 Alpha or Numeric Characters
The Batch I.D. is a 6 digit Alphanumeric code assigned by the Staff Bridge BRIAR unit which
uniquely identifies the structure.

20-40 Comments 21 Alphaor Numeric Characters
Any additional comments needed to define the plank or the structure.

41-44  Span Length (inch) 4 Numeric Characters
Input the span length as an integer to 2 decimal places, see the drawing below.

program does not recognize
blank input as zeros..

\ é \ Use all decimal places even
/ if they are zeros because the

L*Spam Lemgthgq
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3-3

Corrugated Steel Plank Rating
45-48  Section Modulus (in3/in)4 Numeric Characters
Input the section modulus as an integer to 3 decimal places.
49-51  Weight of Plank (Ib/ft2) 4 Numeric Characters
Input the weight of the plank as an integer to 1 decimal place.
51-54 LeaveBlank 4 Numeric Characters
This field is normally used for the inventory stress of a Working Stress Rating. However for a
Load Factor Rating, leave this field blank.
55-57  Sted Yield Strength (ksi) 4 Numeric Characters
This field is normally used for the operating stress of a Working Stress Rating. However for a
Load Factor Rating, input the steel yield strength as an integer to 1 decimal place.
58-61  Asphalt Thickness (inch) 4 Numeric Characters

Input the asphalt thickness as an integer to 2 decimal places, see the drawing below.

o Top of asphalt

asphalt thickness -

W

Description of Output for the Plank Rating Program

I. INPUT DATA
The input data coded by the rater is printed.

1. OUTPUT RESULTS

Live load plus impact moment due to HS 20 loading.

Dead load moment for the strip being analyzed.

Capacity for live load plus impact at inventory level.

Capacity for live load plus impact at operating level.

Inventory rating in tons.

operating rating in tons.

Posting ratings based on the Colorado legal 1oads when operating rating is less
than 36.0 tons.

OMMoOO®>

The Plank Rating Program will be updated to produce a Load Factor
Rating directly at a future date. When the update is accomplished, this
section of the rating manual will be reissued.
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CDOT Staff Bridge
Rating Manual Example CORRUGATED STEEL PLANK RATING

DESCRIPTION INPUT UNITS | CARD IMAGE COLS.
STRUCTURE NUMBER N 1-7
RATER M.A.N 8-10
STATE HIGHWAY NUMBER . 7.0 11-13
BATCH 1. D. Eld . . 14-19
COMMENTS FIRO NT.AGIEL 1RO 20 - 40

lAl Dl L ] 1 ] 1 1 1
SPAN LENGTH 4 3.5.5 N 41- 44
SECTION MODULUS 0. 2,.9,5] INa/N 45- 48
WEIGHT OF PLANK 1.0.45] PsF 49 - 51
INVENTORY STRESS = 52-54
OPERATING STRESS ( F5o.) A.5.0] «si 55 - 57
ASPHALT THICKNESS s ool N 58 - 61
[ o Top of asphalt

d
i % asphalt thickness —

A -
f/’f JMA

4

H/2

! Span Length
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1300-3

Computer Program Output

Corrugated Steel Plank Rating Example

STEEL BRI DGE PLANK RATI NG
DATE: 3/21/95

STRUCTURE NGO F-11-Q
RATER: MAN

BATCH ID: FIIQ

STATE HW NO 70
COVMENT: FRONTAGE ROAD

NET SPAN LENGTH (IN) = 43. 55
SECTI ON MODULUS (IN3/IN) = .335
PLANK VEI GHT (PSF) = 10.5

I NVENTORY STRESS (KSI) .0
OPERATI NG STRESS ( KSI') 45. 0
ASPHALT THI CKNESS (I N) 5. 00

LL-1 MOMENT (IN-K) = 6.978
(LL MOVENT BASED ON A WHEELPRI NT 201 N
DL MOMENT (I N-K) . 093
| N\VENTORY LL-1 MOVENT CAPACI TY (I N-K)
OPERATI NG LL-1 MOMENT CAPACI TY (I N-K)

.48

I NVENTORY RATI NG ( TONS)

OPERATI NG RATI NG (TONS) 77. 29

201N)

-.093
14.982

Note: The computer program is only being used to generate the Live Load and Dead Load Moments. The moment
rating can then be determined from the computer values by using the appropriate Load Factor formulas and

factors.

Manual calculations to produce a Load Factor rating in Metric

Resisting Moment Capacity = Fy*S = 0.335 * 45 = 15.075

Inventory = 15.075-1.3* 0.093 * 36* 2000 =
2.17* 6.978 2204.6

Operating = 15.075-1.3* 0.093 * 36* 2000 =
1.3*6.978 2204.6

3.15

Tons

in-kips/in

32.3 metric tons

53.8 metric tons
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Plank Rating
Structure F-11-Q
Information from the field:
Plank: Girder:
Thickness is 5/32 of an inch Spacing (feet): Sp =45
Distance between corrugations is 12" Type: W30x99
Height of corrugations is 4"
Average Asphalt Thickness (inches): T=70
Information derived from field information:
From AISC 8th Edition: Girder Flange Width (inches):  b¢:= 10.45
From AISI 4th Edition: Type A - 4%x12x9ga. Plank
Steel Yield Stress (ksi): Fy =45 Moment of Inertia (ir4/ft) |- 8.83
Weight of Plank (Ibs/f®): w p- 105 Section Modulus (ir3/ft) S:=4.02
Calculations:
Effective Span (inches): L= Sp- 12 - by L =43.55
T 1
Distributed Deadload (Ibs/in/in): W= | —-144 + W ,|-—— W =0.656
12 P/ 144
Continuity Factor (AASHTO 3.24.3.1)= C;:=08
W-L2
Deadload Moment (in-kips/in): M g4 := -C M 4 =0.124
(in-kips/in) d ~ g1000 " f di
Distributed Live Load (kips/in/in):
W” = W” =0.04 15 kipS
20-20 Tire
. . o Foot Print 20 Inches
Live Load Reaction (kips/in): used by
coarT
RIZW”'%) R=04

Live Load Moment (in-kips/in):

REEZ. Ry

M max 2 2 M max =6.71

Impact Factor = I¢:= 13

M|||1:Cf'|f'Mmax M|||=6.978

3.16

|——ED |hChE’S—~‘
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3 - 3 Plank Rating Example (continued)

Calculations (continued):
Member Capacity (in-kips/inch):

S

M cap ~ Fy-ﬁ

cap

Moment Rating (metric tons):

M =15.075

CDOT Assumes the plank to be braced Noncompact
which eliminates the need to do a Servicablity Rating
because plastic properties are not used.

Inventory

IV hom = v C:i; ;3”:\/' d. .222(())2(.)6 IV mom = 32.163 -+
Operating

OPr mom - - Ci?al\ii? : '222(())2,(.)6 OP mom =53688 4

3.17



COLORADO DEPARTMENT OF TRANSPORTATION Section: 8

STAFF BRIDGE Effective: April 1, 2011
BRIDGE RATING MANUAL Supersedes: April 1, 2002

SECTION 8 - REINFORCED CONCRETE STRUCTURES

8-1

8-2

I.

INTRODUCTION TO RATING REINFORCED CONCRETE BRIDGES

This section covers the rating of reinforced concrete girders and slabs
reinforced longitudinally. This section does not cover prestressed
concrete members. All reinforced concrete girders and slabs are to be
rated using the policies and guidelines in section 1, and subsections 8-2
and 8-3.

The rating of reinforced concrete decks supported by girders is discussed
in Section 3.

The following discussion and examples assume the load factor method is
being used for rating.

When there are no plans available for the reinforced concrete member
being rated, the requirements in subsection 8-4 will govern the rating.

The types of bridges covered by this section are:

CBG - Concrete Box Girder

CBGC - Concrete Box Girder Continuous

CS - Concrete Slab

CcscC - Concrete Slab Continuous

CSG - Concrete Slab and Girder

CSGC - Concrete Slab and Girder Continuous

POLICIES AND GUIDELINES FOR RATING CONCRETE BRIDGES
General

A. All longitudinally reinforced concrete members shall be rated by
the Virtis program using the guidelines in subsection 8-3.

B. Concrete girders with considerable stress/strain effects due to
horizontal curvature, skew, temperature, or other influences
shall be modeled as simple, straight beams on pin or roller
supports. The Virtis output results can then be supplemented with
hand calculations to consider any of these significant
influences, as necessary.

C. All bridges shall be rated using the Load Factor Method.

D. When plans are available, use the minimum yield strength values
given in the plans; otherwise, values used in Section 1 for the
applicable year of construction may be followed. If the

condition of the girder indicates that full strength should not
be used, the rating should be reduced as appropriate.
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All new concrete structures constructed after December 2001 shall
be rated for shear at the controlling sections. Except for timber
structures, shear rating will not be required for all other
structures including rerating of existing structures.

All new concrete structures constructed after December 2001,
moment rating shall be performed at standard section locations
(i.e. 0.5 point for a simple span structure or the 1.4 point, 2.0
point, 2.5 point, etc. for a three span structure) and any
controlling rebar cut-off section location. All other structures
including rerating of existing structures shall be performed at
standard section locations.

When rating a cast-in-place concrete box girder bridge, separate
out the boxes into I shapes and rate a typical interior and
exterior girder. Dead loads and live load shall be applied as
appropriate.

II. Girders Requiring Rating

A.

Interior Girders - A rating is required for the critical interior
girder. More than one interior girder may require an analysis
due to variation in span length, girder size, girder spacing,
differences in loads, moments, concrete strength and/or
reinforcing, etc.

Exterior Girders - An exterior girder shall be rated under the
following guidelines:

1. When the section used for an exterior girder is different
than the section used for an interior girder.

2. When the overhang is greater than S/2.

3. When the plans indicate that the curb and floor slab were
poured monolithically, the live load distribution factor
for the exterior girder should be calculated and compared
to the live load distribution factor (LLDF) for the
interior girders. TIf the LLDF for the exterior girder is
equal to or greater than 75% of the LLDF for the interior
girders, the exterior girder shall be rated.

4. When the rater determines the rating would be advantageous
in analyzing the overall condition of a structure.

III. Calculations

A.

A set of calculations, separate from computer output, shall be
submitted with each rating. These calculations shall include
derivations for dead loads, derivations for live load
distribution factors, and any other calculations or assumptions
used for rating.
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Iv.

B. Dead Loads
1. The final sum of all the individual weight components for
dead load calculations may be rounded up to the next 5
pounds.
2. Dead loads applied after a cast-in-place concrete deck has
cured shall be distributed equally to all girders and, when
applicable, treated as composite dead loads. Examples

include asphalt, curbs, sidewalks, railing, etc.

3. Use 5 psf for the unit weight of formwork when it is likely
the formwork will remain in place. An example is closed
cell construction, such as cast-in-place concrete box
girders.

4. Dead loads applied before a cast-in-place concrete deck has
cured shall be distributed to the applicable individual
supporting girders and treated as non-composite loads.
Examples of this type of dead load are deck slabs, girders,
fillets, and diaphragms. The weight of diaphragms may be
treated as point loads or as an equivalent uniform dead
load for the span.

EXAMPLE: For two diaphragms (P) at 1/3 points

(PL)/3 =M = (wL x L)/8
equivalent uniform load . . . . w = (8P)/3L
5. The method of applying dead loads due to utilities is left

to the rater's discretion.
Rating Reporting/Package Requirements

The rater and checker shall complete the rating documentation as
described in Section 1 of this manual. Any variation from the original
design assumptions shall be added to the Rating Summary Sheet as
applicable. The rating package requirements shall be per Section 1-13
of this manual and as amended herein:

Consultant designed projects - Before finalizing the rating package and
when VIRTIS is used as the analysis tool, the Rater shall verify with
the Staff Bridge Rating Engineer that the version number of the program
being used is identical to CDOT’S version number. Data files created
using a lower version of the program shall be rejected. It is required
for the CDOT data archive, since the data base management feature
inside the program would not work satisfactorily. After the analysis is
completed, the rater shall save the data file. When saving is
finalized, the rater shall export the data file in *.bbd format (i.e.,
0-18-BY.bbd format; bbd = Bridgeware Bridge Data File) on an IBM-
compatible 3.5” PC Disk for delivery with the rating package. Also, the
version number used during analysis shall be typed on the diskette
label. This ensures proper importation of bridge data archive by the
Staff Bridge at a later date.
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GUIDELINES FOR USING THE VIRTIS RATING PROGRAM

The VIRTIS computer program performs the analysis and rating of simple
span and multi-span concrete girder bridges. It uses the BRASS ASD or
the BRASS LFD engine for analysis. This program was developed in
accordance with the AASHTO STANDARD SPECIFICATIONS, 16TH EDITION AND
THE AASHTO MANUAL FOR CONDITION EVALUATION OF BRIDGES.

A maximum of thirteen (13) spans can be modeled using the program.
Linear, none or parabolic girder web depth variation over the length of
a defined cross-section can be modeled using the Virtis. When a
structure model is finalized, it can be rated using the ASD or the LFD
method. The LRFD rating module is currently being developed and will be
available in the future. When a structure model is being generated and
before any analysis can be performed, it is recommended that Virtis
users save the data to memory periodically. This can be accomplished by
using the File and Save feature of this program.

The library explorer can be used to save commonly used items (beam
shapes, nonstandard vehicles, materials, appurtenances etc.) and this
eliminates the need for all users to define the same items repeatedly
throughout the program. Once a new girder shape is defined or copied
from the library, Virtis automatically computes the required section
properties and beam constants.

Dead load due to the girder self-weight, deck slab and appurtenances
(i.e. rails, median barrier etc.) are calculated automatically by the
program. Dead load due to the haunch, wearing surface and stiffener
weight (for steel bridges) is defined by the user. For a detailed
description of the girder loads, refer to the Opis/Virtis Help Menu
index item - dead loads. During modeling a structure, help menu can
also be activated by using the F1l key when the user requires
clarification on a particular item in the GUI window.

In the Live Load Distribution Factor window, when the compute button is
used to calculate the DF’s automatically by the program, Virtis users
shall verify that these numbers are accurate and matches their
calculated numbers.

All Colorado BT girder shapes, the Colorado permit vehicle, the
Colorado posting trucks and the Interstate posting trucks have been
added to the Virtis library explorer and may be copied by the user. The
Staff Bridge Rating Engineer shall be responsible for updating existing
information or adding new information (i.e. beam shapes, vehicles etc.)
to the library explorer.

The configuration browser provides access to the configuration features
of Virtis. It may be employed to provide specific access privileges,
i.e. read, write, delete etc., to the users. This feature is extremely
powerful, since Virtis/Opis uses and shares the bridge data from one
common source. Therefore, it is required that users of this program
create a folder from the bridge explorer window (EXAMPLE: MY FOLDER OR
YOUR LAST NAME) before creating the model for a new structure.
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8-4

RATING CONCRETE BRIDGES WITH UNKNOWN REINFORCING STEEL

It is anticipated that all bridges designed after January 1994 will
have as constructed plans.

When there are no plans or other documentation for a particular
concrete structure, its numerical rating shall be determined by a
Professional Engineer Registered in the State of Colorado. This rating
shall be based on its live load history, the condition of the bridge, a
complete and comprehensive inspection of the structure and directions
from the AASHTO Manual for Bridge Evaluation. If the structure shows no
signs of distress due to load, the Engineer can assign it a maximum
inventory rating of 36 tons.

When there are signs of capacity-reducing distress or deterioration, an
appropriate judgment should be made and an inventory rating less than
36 tons shall be given to the concrete structure. The process is the
same for operating rating; only difference is that a maximum rating of
40 tons can be assigned. No distress condition shall have a maximum
permit vehicle operating rating of 96 tons. A rating is not required
for concrete bridge decks with unknown reinforcing steel where the
bridge deck is supported by girders or stringers.

A Rating Summary Sheet is required for these bridges. For bridges owned
or maintained by the Colorado Department of Transportation, the Staff
Bridge Engineer will approve this type of rating and sign the Rating
Summary Sheet.

CONCRETE GIRDER BRIDGE RATING EXAMPLES

Two examples are presented in this section. First, Structure 0-18-BY is
a five (5) span concrete-tee girder bridge with a skew of -30° degrees.
It has four (4) concrete-tee girders. Since all piers have expansion
joints, only the span with the most critical condition as reported in
the field inspection report will be modeled in this example. Only the
interior girder has been modeled for this structure. The second
structure, L-18-AV, is a 4-span continuous concrete-tee girder bridge
with a skew of -27.3° degrees. It has seven (7) concrete-tee girders.
For simplicity, only the interior girder has been modeled for this
structure.
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Slab Rating Program Input, Structure No. 0-18-BY

. WinSlab Input

Effective Span Length: Per AASHTO Article 3.24.1.2(a)

(Clear span)*1/cos30° = (8.67-1.67)*1/cos30° = 8.083’
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Slab Rating Program Output, Structure No. 0-18-BY

WinSlab Rating Version 1 Date: 12/13/2001
Structure NO. 0O-18-BY Rater: MH State HWY NO. = 25
Batch ID= Description: LFD

LOAD FACTOR RATING-COMP STEEL NOT USED

INPUT DATA

Bituminous Overlay (in)= 2.000
Eff. Span(ft)= 8.083 Slab Thickness(in)= 7.500
Top Reinf. (sqg.in)= 0.83 Eff. Depth(in) = 5.688
Bottom Area(sg.in)= 0.83 Bottom Dist. (in)= 1.31
Conc. Strength(PSI) Inv = 3000 Oper. = 3000
Steel Yield (PSI) Inv = 40000 Oper. = 40000
Modular Ratio = 9

Dead Load Moment 0.77 K-Ft

LL+I Moment 5.24 K-Ft

Gross Weight 36.0 Tons

Inventory Operating

Actual Concrete Stress (PST) 997.12 1579.66

Actual Reinf. Steel Stress (PSI) 18433.86 29203.39

Actual Comp. Steel Stress (PSI) 5304.24 8403.10

Member Capacity (K-Ft) 12.81 12.81

Member Capacity (LL+I) (K-Ft) 11.81 11.81

Rating (Tons) 37.43 62.39

Virtis Bridge Rating Example, Structure No. 0-18-BY

Effective slab width: Per AASHTO Article 8.10.1.1
0.25(L)= 0.25(57*12)= 171"

12t+ Web Thickness = (12*7.5)+ 20 = 110"

C.L. - C.L. of girder= 8.6667"= 104” Controls

Dead Load:

Intermediate Diaphragm = ((0.75)*(3.25)*(8.67-1.83) + 0.5*2*0.33*0.33*

(8.67-1.83))*(1/Cos30°) *(0.150)= 3.02 kips
Use 3.1 kips

Abutment Diaphragm = Weight Varies
Use 6.2 kips

Distribution Factor:
Multi-Lane = S/6 = 8.667/6 = 1.444

Single Lane = 1+ 2.667/8.667 = 1.308
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Virtis Bridge Rating Example, Structure No. 0-18-BY (contd.)
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From the bridge explorer, create a new bridge and enter the following
information.

B-5Span Concrete Tee-Beam Structure; Expanzion Jaoint at piers;
Model az 1-Span Concrete Tee-Beam Stucture

US Customary [

Click OK. This saves the data to memory and closes the window.

NOTE: Since Virtis uses a common/shared database, it is required that users
of this program create a folder from the bridge explorer window
(EXAMPLE: MY FOLDER OR YOUR LAST NAME) before creating the model for a
new structure.
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To add a new concrete material, click on Materials, Concrete, in the tree and
select File/New from the menu (or right click on Concrete and select New).
Click the Copy from Library button and select the Colorado Concrete from the
library. Click OK and the following window will open. Click OK to save this
concrete material to memory and close the window.

Bndge Matenals - Concrete =] B3

Clazs A[IJ5] Colorado Concrete
3.000

0.00000&0000
0,150

0,150
2200
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Using the same techniques, create the following Reinforcing Steel Material to
be used for the girder.

Bndge Matenals - Heinforcing Steel =] E3

arade 40 A0 k=i reinforcing steel

40.000

23000.00
70.000
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To enter the appurtenances to be used within the bridge, expand the explorer
tree labeled Appurtenances. Right mouse click on Parapet in the tree, and
select New. Fill in the parapet properties as required. Click OK to save the
data to memory and close the window.

Bridge Appurtenances - Parapet

Eridge Fail
Curb % zide mounted ketal B ail |




April 1, 2011 Section 8 Page 14 of 94

Double click on Impact/Dynamic Load Allowance in the tree. The Bridge Impact
window shown below will open. Accept the default values by clicking OK.

Bridge Impact / Dynamic Load Allowance _ O] x|
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Click on Factors, right mouse click on LFD and select New. The LFD-Factors
window will open. Click the Copy from Library button and select the 1996
AASHTO Standard Specifications from the library. Click Apply and then OK to
save data to memory and close the window.

Factors - LFD

AA5HTO Standard 5pecifications for Highway Bridges, 16th =]
Edition, 1936 including 1397 Intenm S pecifications

We will now skip to Structure Definition. Bridge Alternatives will be added
after we enter the Structure Definition.
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Double click on STRUCTURE DEFINITION (or click on STRUCTURE DEFINITION and
select File/New from the menu or right mouse click on STRUCTURE DEFINITION
and select New from the popup menu) to create a new structure definition. The
following dialog box will appear.

Mew Structure D efinition

o —

Girder-line A structure definition dezcribing ane of more girders. The girders da WO
A gtructure definition dezcribing one of more girders. The girders dao hay
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Select Girder System and the following Structure Definition window will open.
Enter the appropriate data as shown below. Press Fl while on this tab to view
the help topic describing the use of this information.

Girder System Structure Definition

M-Concrete Tee-Girder Syzstem

5 Span structure; All equal spans

US Customary 7]
-
=

[Eonciee <]

Ijimtzern
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The partially expanded Bridge Workspace tree is shown below:

gl Bridge Workspace - 0-18-BY _ | O]

= I:I b aterialz
e [ Structural Steel
SE (L3 Concrete

. e T Clasz&US)
B [ Reinforcing Steel
b () Grade 40
- [ Prestress Strand
..... (23 Timber

H- [ Beam Shapes
[ [:l Appurtenances

=l [ Parapet
e | Bridge Rail
- (23 Median
- (23 Railing
e (2 Generic
------- L |mpact / Dynamic Load Allowance
= [ Factors
= (3 LFD
e LFD 1996 AA5HTO Std. Specifications
e (23 LRFD

E- (] BRIDGE ALTERNATIVES
- [ STRUCTURE DEFINITIONS

% Impact / Dynarnic Load Allowance
------- 24 Load Caze Description

------- £ Framing Plan Detail

------- ﬁ Structure Typical Section

------- & Shucture Loads

E- [ Shear Reinforcement Definitions
H- (] MEMBERS

We now go back to the Bridge Alternatives and create a new Bridge
Alternative, a new Structure, and a new Structure Alternative.

The partially expanded Bridge Workspace tree is shown below:

= Bridge Workspace - 0-18-BY [_ O]

----- (L Materials
----- (L1 Beam Shapes
----- [ Appurtenances
------- j Impact / Dynamic Load Allowance
----- @i
EI ----- [ BRIDGE ALTERMATIVES
B M Bridge Alternative # 1 (E)(C)
= [ STRUCTURES
S} T Stucture 1
= [ STRUCTURE ALTERMNATIVES
b T Shucture Altemative # 1 [E] [C)

actors
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Click Load Case Description to define the dead load cases.
presented in a single row separated by a comma.

The load types are

The first type applies to the

LFD design and the second type applies to the LRFD design and it corresponds
with the load types presented in the AASHTO Specifications. The completed
Load Case Description window is shown below.

Load Casze Description

o] e |5

Bridge Rail

Composite (long term) (Stage 2

Composite (long term) (Stage 2)

~lopoc I_.
~loow =
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Double click on Framing Plan Detail to describe the framing plan. Enter the
appropriate data to describe the framing plan.

Structure Framing Plan Details

—

-30.0000
-30.0000
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If the bridge has diaphragms, switch to the Diaphragms tab and enter the
appropriate data. Click OK to save to memory and close the window.

Structure Framing Plan Details

[ [
T d cmeye | Do |

Tﬁﬁﬁfﬁﬁﬁﬁ
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Double click on Structure Typical Section in the Bridge Workspace tree to
define the structure typical section. Input the data describing the typical
section as shown below.

Structure Typical Section
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The Deck(Cont’d) tab is used to enter information about the deck concrete and
thickness. The material to be used for the deck concrete is selected from the
list of bridge materials described previously.

Structure Typical Section

ClassaUs) ]

L5000

2.000
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Parapets:
Add two parapets as shown below.

Structure Typical Section

Bridge Rail =| Bridge Rail ~|pack  |xllLeft Edge | . 0.00 [Right =]
Bridge Fail | Bridge Rai wlBsck  |xl|Figrt Bdge |7 . 000 |Lett |l
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Lane Positions:

Select the lane position tab and use the Compute.. button to compute the lane
positions. A dialog showing the results of the computation opens. Click apply
to apply the computed values. The Lane Position tab is populated as shown
below.

Structure Typical Section
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Enter the following wearing surface information on the Wearing Surface tab.

Structure Typical Section

HEP

Haot Bituminous Material
2.0000

[
[ ok ] esb | Conc |
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Double click on the Structure Loads tree item to define the DL Distribution.
Select the required DL Distribution. Click OK to save this information to
memory and close the window.

Structure Loads




April 1, 2011 Section 8 Page 28 of 94

Define the vertical shear reinforcement by double clicking on Vertical (under
Shear Reinforcement Definition in the tree). Define the reinforcement as
shown. The I shape shown is for illustrative purposes only. Click OK to save
to memory and close the window.

Shear Reinforcement D efinition - Yertical

#4 Shear Reinforcing
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The partially expanded Bridge Workspace tree is shown below:

gl Bridge Workspace - 0-18-BY _ O]

[ Materialz
(L1 Beam Shapes
[ Appurtenances
j Impact / Denamic Load Allowance
[ Factors
(L1 BRIDGE ALTERMATIVES
B ¢ Bridge Alternative 8 1 [E]1[C]

= (1 STRUCTURES

- T Stucture 1
B [ STRUCTURE ALTERMATIVES
- T Stucture Alternative # 1 [E][C)

(£ STRUCTURE DEFIMITIONS

------- j Impact / Denamic Load Allowance

------- 2t Load Caze Description

------- A= Framing Plan Detail

------- m Structure Typical Section

------- e Structure Loads

B [ Shear Beinforcement D efinitions

Bl [ Yertical
- Wl § 14 Shear Reinforcing

----- I G
----- I G2
----- I G3
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Describing a member:

The member window shows the data that was generated when the structure
definition was created. No changes are required at this time. The first
Member Alternative that we create will automatically be assigned as the
Existing and Current Member alternative for this member.

Defining a Member Alternative:

Double click MEMBER ALTERNATIVES in the tree to create a new alternative. The
New Member Alternative dialog shown below will open. Select Reinforced
Concrete for the Material Type and Reinforced Concrete Tee for the Girder

Type.

Mew Member Alternative

Reinforced Concrete |_

Click OK to close the dialog and create a new member alternative.
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The Member Alternative Description window will open. Enter the appropriate
data as shown below.

Member Alternative Description

US Customary

73000 BRASS ASD ||

7.5000 BR&SS LFD ||
BRASS LRFD |«

eneral Procedure |_
v

Shear computation method: Check this box if the AASHTO LFD shear
specifications should be ignored in the analysis.
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Double click on Supports to define support constraints for the girder. Enter
Click OK to save data to memory and close

the following support constraints.
the window.

Supports

Pinned |_

Foller r_
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Double click on Live Load Distribution to enter live load distribution
factors. Click the Compute from Typical Section button to compute the live
load distribution factors. The distribution factors are computed based on the
AASHTO Specifications, Articles 3.23. Click Apply and then OK to save data to
memory and close the window.

Live Load Distribution

r | S | e | oot

1.305 1.308 1.308 0300

1.444 1.846 1.444 1.000
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Double click on Cross Sections in the tree to create the cross section that
defines the girder geometry. The Cross Section window is shown below. Define
cross section 1 as shown below. Click apply and then the Reinforcement tab.

Crozs Sections

[Feitoreed ConeeeTee

Coshlls] 2

Class AUS] 1]
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Define reinforcements for Cross Section 1. Click OK to save data to memory
and close the window.

Crozs Sections

Bottom of Girder | |_ 5000 27500 (Grade 40
Bottom of Girder | =| soo00| B.2500 |Grade 40
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Using the same techniques, create cross section 2, cross-section 3 and define
their associated reinforcement patterns.

Cross Sections

Bicttom of Girder =) . . Grace 40
Bottom of Girder . . Grade 40
Battatn of Girder . . Grade 40
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Crozs Sections

Grade 40

Grade 40

Grade 40
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The Cross Section Ranges window is shown below.

Define the ranges over which
the cross sections apply.

Crosz Section Ranges

e | e | e

Cross Section 1 ®llcross Section 1

Cross Section 2 ¥|Cross Section 2 |_ Mone
Crozs Section 3 r Crozs Section 3 |_ Mone
Cross Section 2 r Cross Section 2 |_ Mone
Cross Section 1 r Cross Section 1 |_ Mone
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Shear reinforcement locations are described using the Shear Reinforcement
Ranges window shown below.

RC Shear Reinforcement Banges

e [ e | R |

4 Shear R

H

#4 Shear R |7
#4 Shear R |7
#4 Shear R |7

KR
ER
ERL
BB
BB
BN
Bl
Bl
1 =
ER
1 =

#4 Shear RLx]
#4 shear R 7
4 shear & 2]
4 shear & 2]




April 1, 2011 Section 8 Page 40 of 94

Define points of interest using the Points of Interest window shown below.

Point of Interest

i o1 =], Bt 121 | [

The Point of Interest window enables the user to enter points of interest in
addition to those that are automatically generated by the program.

15 bar diameter = 15*(11/8) = 1.712’
Clear Span/20 = (57-1.83)/20 = 2.75’
Effective Depth = 46.25/12 = 3.85’ Use 3.8’

First rebar cutoff from left support = 12.8'
Second rebar cutoff from left support = 19.05’
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Point of Interest

Shear Check: d = 52.5”7-6.25" = 46.25” = 3.85"

Shear at a distance ‘d’ from the free edge of the left support + 1.167' =
3.85" + 1.167" = 5.027
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Point of Interest

.

Shear Check: d = 52.57-6.25" = 46.25” = 3.85"

Shear at a distance ‘d’ from the free edge of the right support + 0.167’ =
3.85" + 0.167" = 4.02'

Therefore, Distance from the left support = 57.0’- 4.04’ = 52.98’
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Open the Member Alternative Description window and click the Engine tab as
shown below.

Member Alternative Descripltion M=] B3

Internior 525" AC Tee Beam
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Click the Properties button to edit the engine properties for BRASS LFD.

BRAS5-5tandard Member Alternative Properties

-
B
——

Computed bazed on loadings and compozite regions. B

1 - Generate points of interest at all tenth pointz along TOF zpans |_

100
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To perform a rating, select the View Analysis Settings button on the toolbar
to open the window shown below. Select the required vehicles to be used in
the rating and click OK.

Analysiz Settings

w HS 15-44 R
- H5 20(50) - Ireventory

- HS 20-44 - Lo HE 20-44

- Type 3 = Operating

~ Type 33 - HS 20-44

- Type 352 ‘.. Colorado Permit Wehicle
- Agency

- Colorado Permit Yehicle

- Colorada Posting Type 3

- Colorada Posting Type 3-2

- Colorada Posting Type 352

- Pemmit 12333

- Superload
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The results of the LFD rating analysis are as follows.

Analysis Results - Interior 52.5" RC Tee Beam

Fiating Results Summary |—
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COLORADO DEPARTMENT OF TRANSPORTATION T [structive # 0-18-BY(S.B.)
LOAD FACTOR RATING SUMMARY State highway ¥ I-25
Rated using Batch I.D.

Asphalt thickness: 50 mm( 2 in.)

0 colerado legal loads Structure type CSG

Interstate legal loads Paraliel structure # G-18-CD(N.B.)

Structural member INTERIOR GIRDER SLAB

Metric tons  {Tons)

inventory 43.6 ( 48

Operating 73.6 ( 81

Type 3 truck (

e | e | e | | e’ | e

Type 3-2 truck (

e T e N B N I A I P M B
e N B T S | b ST B

)
)
)
Type 3S2 truck ( )
)
)

Permit truck 126.3 ( 139

)

D Type 3 Truck Type 352 Truck Type 3-2 Truck
tnlerstate 21.8 metric tons {24 tons) Interstate 34.5 metric tons (38 tons} R | Interstate
Colorado 24.5 metric tons (27 lons) Colorado 38.6 metnc tons (42.5 tons) 35.4 matic tons (38 tons)
B | cobrade
i 38.6 metnc tons {42.5 ton)

Metric tons Tons Metric tons Tons Metric tons Tons

Comments

Control Member: Deck; Rated for 2" HBP

Load Capacity: 62 Tons

Girder: Only Interior Girder Rated; Rated for 2" HBP
Color Code: White

Project No; 1-25-1{21)31

Rated by Date Checked by Date

Previous editions are obsolete and may not be used CDOT Form #1187a  1/85
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Slab Rating Program Input, Structure No. L-18-AV

m. Win5lab Input

Effective Span Length: Per AASHTO Article 3.24.1.2(a)
(Clear span)*1/cos27.3° = (9.00-1.50)*1/cos27.3° = 8.440"

Distance to Top Steel = 5.156”
Distance to Bottom Steel = 1.344”

Top Steel Area: #6 @ 12 0.440
#5 @ 12 = 0.310

Y2 = 0.750 in*in

Bott. Steel Area: #6 @ 12 0.440
#5 @ 12 = 0.310

2 = 0.750 in*in
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Slab Rating Program Output, Structure No. L-18-AV

WinSlab Rating Version 1 Date: 1/14/2002
Structure NO. L-18-AV Rater: MH State HWY NO. = 25
Batch ID= Description:

LOAD FACTOR RATING-COMP STEEL NOT USED

*** Warning: Slab thickness violates old AASHTO 1.5.40(B)***

INPUT DATA

Bituminous Overlay (in)= 2.000
Eff. Span(ft)= 8.440 Slab Thickness(in)= 6.500
Top Reinf. (sqg.in)= 0.75 Eff. Depth(in) = 5.156
Bottom Area(sqg.in)= 0.75 Bottom Dist. (in)= 1.34
Conc. Strength(PSI) Inv = 3000 Oper. = 3000
Steel Yield (PSI) Inv = 40000 Oper. = 40000
Modular Ratio = 9

Dead Load Moment 0.75 K-Ft

LL+I Moment 5.43 K-Ft

Gross Weight 36.0 Tons

Inventory Operating

Actual Concrete Stress (PSI) 1051.42 1650.22

Actual Reinf. Steel Stress (PSI) 18660.60 29288.22

Actual Comp. Steel Stress (PSTI) 4307.46 6760.66

Member Capacity (K-Ft) 10.50 10.50

Member Capacity (LL+I) (K-Ft) 9.52 9.52

Rating (Tons) 29.15 48.58

Virtis Bridge Rating Example, Structure No. L-18-AV

Effective slab width: Per AASHTO Article 8.10.1.1
0.25(L)= 0.25(41*12)= 123"

12t+ Web Thickness = (12*6.5)+ 18 = 96.0" Controls
C.L. - C.L. of girder= 9.00’'= 108"

Dead Load:

Intermediate Diaphragm = (0.67)*(2.00)*(9.00-1.50)*(1/C0s27.3°)*(0.150)
1.696 kips Use 1.7 kips

((4.81L)*(1)*(7.5)+(2.1)*(1)*(7.5))*1/Cos27.3°*0.150
8.75 kips Use 9.0 kips

Abutment Diaphragm

(2)*(6.5)*(7.5)*(1/Co0s27.3°)*(0.15)
= 16.50 kips Use 16.50 kips

Pier Diaphragm

Distribution Factor:
Multi-Lane = S/6 = 9.00/6 = 1.500

Single Lane = 1+ 3.00/9.00 = 1.333
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Virtis Bridge Rating Example, Structure No. L-18-AV (contd.)

@Schematics: Framing Plan Yiew

B & | 3| |

M4 Schematics: Bridge Typical Crozs Section Yiew

B @ | | % ]

a1 e O
= Aok

Trawvelway 1

¢W'l B (@07 = Bk l 4.0
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From the bridge explorer, create a new bridge and enter the following
information.

4- Span Concrete Tee-Beam Continuous Stucture

US Custornary 1]

Click OK. This saves the data to memory and closes the window.

NOTE: Since Virtis uses a common/shared database, it is required that users
of this program create a folder from the bridge explorer window
(EXAMPLE: MY FOLDER OR YOUR LAST NAME) before creating the model for a
new structure.
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To add a new concrete material, click on Materials, Concrete, in the tree and
select File/New from the menu (or right click on Concrete and select New).
Click the Copy from Library button and select the Colorado Concrete from the
library. Click OK and the following window will open. Click OK to save this
concrete material to memory and close the window.

Bndge Matenals - Concrete =] B3

Clazs A[IJ5] Colorado Concrete
3.000

0.00000&0000
0,150

0,150
2200
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Using the same techniques, create the following Reinforcing Steel Material to
be used for the girder.

Bndge Matenals - Heinforcing Steel =] E3

arade 40 A0 k=i reinforcing steel

40.000

23000.00
70.000
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To enter the appurtenances to be used within the bridge, expand the explorer
tree labeled Appurtenances. Right mouse click on Parapet in the tree, and
select New. Fill in the parapet properties as required. Click OK to save the
data to memory and close the window.

Bridge Appurtenances - Parapet

Bridge Rail |
Curb & Tvpe 10R Rail |

0. 0000

0.0000




April 1, 2011 Section 8 Page 58 of 94

Right mouse click on Median in the tree, and select New. Fill in the median
properties as required. Click OK to save the data to memory and close the
window.

Bridge Appurtenances - Median

Median Raized
4% ide Median

0000 fiooop | [E0000 |
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Double click on Impact/Dynamic Load Allowance in the tree. The Bridge Impact
window shown below will open. Accept the default values by clicking OK.

Bridge Impact / Dynamic Load Allowance _ O] x|
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Click on Factors, right mouse click on LFD and select New. The LFD-Factors
window will open. Click the Copy from Library button and select the 1996
AASHTO Standard Specifications from the library. Click Apply and then OK to
save data to memory and close the window.

Factors - LFD

AA5HTO Standard 5pecifications for Highway Bridges, 16th =]
Edition, 1936 including 1397 Intenm S pecifications

We will now skip to Structure Definition. Bridge Alternatives will be added
after we enter the Structure Definition.
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Double click on STRUCTURE DEFINITION (or click on STRUCTURE DEFINITION and
select File/New from the menu or right mouse click on STRUCTURE DEFINITION
and select New from the popup menu) to create a new structure definition. The
following dialog box will appear.

Mew Structure D efinition

o —

Girder-line A structure definition dezcribing ane of more girders. The girders da WO
A gtructure definition dezcribing one of more girders. The girders dao hay
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Select Girder System and the following Structure Definition window will open.

Enter the appropriate data as shown below.
the help topic describing the use of this information.

Girder System Structure Defintion

Press F1 while on this tab to view

F-Concrete Tee-Girder System |

4-Span Structure

115 Custarnarny

[mber




April 1, 2011 Section 8

Page 63 of 94

The partially expanded Bridge Workspace tree is shown below:

§&l Bridge Workspace - L-18-AY _ | O]

Sl [ Materials
b [ Shuctural Steel
= [ Concrete
- T Clazs AlUS)
B [ Reinforcing Steel
b (@ Grade 40
b [ Prestress Strand
Sl [ Timber
b [ Sawn
- [ Beam Shapes
B[] Appurtenances
S ([ Parapet
- L. Bridge Fail
S (3 Median
b A Median Raized
(L Railing
- [ Generic
------- j Impact / Denamic Load Allowance
= [ Factors
B [ LFD
- LFD 193596 AA5HTO Std. Specifications
v (1 LRFD
------- [ BRIDGE ALTERMATIVES
B [0 STRUCTURE DEFIMITIOMS
B ﬁ:?h-l-f {-Concrete Tee-Girder Syste
------- % Impact / Dynarnic Load Allowance
------- 2t Load Caze Description
------- A= Framing Plan D etail
------- m Structure Typical Section
------- 2 Stucture Loads
- [ Shear Reinforcement Definitions
B (] MEMBERS

We now go back to the Bridge Alternatives and create a new Bridge
Alternative, a new Structure, and a new Structure Alternative.

The partially expanded Bridge Workspace tree is shown below:

g Bridge Workspace - L-18-AY [_ [0

----- (L) Materials

----- (L] Beam Shapes

----- [ &ppurtenances

------- j Impact / Dynamic Load Allowance

----- (L Factors

S M Bridge Altemative #1 (€] (C)
B [ STRUCTURES
El-- T Structure #1
B [ STRUCTURE ALTERMATIVES
L T2 Structure Alternative #1 [E) [C)
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Click Load Case Description to define the dead load cases.
presented in a single row separated by a comma.

The load types are

The first type applies to the

LFD design and the second type applies to the LRFD design and it corresponds

with the load types presented in the AASHTO Specifications.

Load Case Description window is shown below.

Load Case Description

Bridge Rail

Composite (long term) (Stage 2)

The completed

HEF

Composite (long term) (Stage 20

Median Raized

Composite (long term) (Stage 20
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Double click on Framing Plan Detail to describe the framing plan. Enter the
appropriate data to describe the framing plan.

Structure Framing Plan Details
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If the bridge has diaphragms, switch to the Diaphragms tab and enter the
appropriate data. Click OK to save to memory and close the window.

Structure Framing Plan Details

[ -
I ’7 ’7
s e Il ol Il P

ERC|
BB
ER
ER
s
ER|
ER|
ER|
|+ =]
|+ =]
| + =]
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Double click on Structure Typical Section in the Bridge Workspace tree to
define the structure typical section. Input the data describing the typical
section as shown below.

Structure Typical Section
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The Deck(Cont’d) tab is used to enter information about the deck concrete and
thickness. The material to be used for the deck concrete is selected from the
list of bridge materials described previously.

Structure Typical Section

Classas) [

E.5000

2.000
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Parapets:
Add two parapets as shown below.

Structure Typical Section

Bridge Rail = ||Bridge Rail rlpack | x|LettEdge |7 0.00 0.00 [Right =]
Bridge Fail = | Bricige Rai rlBack x| Right Edge |7 0.00 ooo|Lett |7
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Median:
Add one median as shown below.

Structure Typical 5ection

e e T | TR i

ecton Raisea e Rsea elpack  Slleneae =] 2000  zo00|ran 5]
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Lane Positions:

Select the lane position tab and use the Compute.. button to compute the lane
positions. A dialog showing the results of the computation opens. Click apply
to apply the computed values. The Lane Position tab is populated as shown
below.

Structure Typical Sechion
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Enter the following wearing surface information on the Wearing Surface tab.

Structure Typical Section

HEP
Hat Bituminousz katerial
2.0000

[

ok | e | coed |
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Double click on the Structure Loads tree item to define the DL Distribution.
Select the required DL Distribution. Click OK to save this information to
memory and close the window.

Structure Loads




April 1, 2011 Section 8 Page 74 of 94

Define the vertical shear reinforcement by double clicking on Vertical (under
Shear Reinforcement Definition in the tree). Define the reinforcement as
shown. The I shape shown is for illustrative purposes only. Click OK to save
to memory and close the window.

Shear Reinforcement Definition - Yertical

#4 Shear Reinforcing
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The partially expanded Bridge Workspace tree is shown below:

S [ Materials

fee [ Shructural Steel
----- (L3 Concrete
----- (22 Reinforcing Steel
f [ Prestress Strand
----- (23 Timber
& [ Beam Shapes
B [ sppurtenances

----- [ Parapet

----- [ Median

....... (21 Railing

e D Generc
------- j Impact / Denamic Load Allowance
B [ Factars
E- [ BRIDGE ALTERMATIVES

-~ [_1 STRUCTURE DEFINITIONS

------- j Impact / Denamic Load Allowance
------- 24 Load Caze Description

------- A Framing Plan Detail

------- m Structure Typical Section

------- <& Structure Loads

B [0 Shear Reinfarcement D efinitions

----- B ertical
= [_1 MEMBERS

..... I Gl

..... I G2

..... I G2

..... I G4

..... I GA

..... I GG

..... I G7
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Describing a member:

The member window shows the data that was generated when the structure
definition was created. No changes are required at this time. The first
Member Alternative that we create will automatically be assigned as the
Existing and Current Member alternative for this member.

Member

Defining a Member Alternative:

Double click MEMBER ALTERNATIVES in the tree to create a new alternative. The
New Member Alternative dialog shown below will open. Select Reinforced
Concrete for the Material Type and Reinforced Concrete Tee for the Girder

Type.

Hew Member Alternative

Reinforced Concrete |_

Click OK to close the dialog and create a new member alternative.
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The Member Alternative Description window will open. Enter the appropriate
data as shown below.

Member Alternative Descrniption M=] &3

Interior Wariable Depth BC Tee Beam

U5 Custonay 2

BRASS ASD =)
BRASS LFD =
BRASS LRFD =)

General Procedure |_

Shear computation method: Check this box if the AASHTO LFD shear
specifications should be ignored in the analysis.
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Double click on Supports to define support constraints for the girder. Enter
Click OK to save data to memory and close

the following support constraints.
the window.

Supports

RIS

~
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Double click on Live Load Distribution to enter live load distribution
factors. Click the Compute from Typical Section button to compute the live
load distribution factors. The distribution factors are computed based on the
AASHTO Specifications, Articles 3.23. Click Apply and then OK to save data to
memory and close the window.

Live Load Distribution

r | S | e | osten |

1.333 1.333 1.333 0.236

1.500 1889 1.500 0.aar
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Double click on Cross Sections in the tree to create the cross section that

defines the girder geometry.
cross section 1 as shown below.

Crozs Sections

The Cross Section window is shown below. Define
Click apply and then the Reinforcement tab.

[Ferforced oncete Tee

Class 4US) o

9E.0000

ClassAUS) o
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Define reinforcements for Cross Section 1. Click OK to save data to memory
and close the window.

Crozs Sections

Grade 40
Bottam of Girder ) Grade 40
Bottom of Girder | 102100 |Grade 40
Bottom of Girder | 13,7100 |Grade 40
Bottom of Girder | 306100 |Grade 40
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Using the same techniques, create cross sections 2 thru 8, and define their
associated reinforcement patterns.

Cross Sections

Cenhlls 3

Crozz Sections

Bottom of Girder | . Grade 40
Bottom of Girder | . Grade 40
Bottom of Girder . 102100 [Grade 40
Bottom of Girder . 13.7100 [Grade 40
Bottom of Girder . 536100 [Grade 40
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Cross Sections

Cross Sections

Bottam of Girder

Grade 40

Bottam of Girder

70.2973

Grade 40

Bottam of Girder

70.2973

Grade 40

Bottam of Girder

70.2973

Grade 40
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Crozs Sections

Crozs Sections

Bottam of Girder

32100

Grade 40

Bottom of Girder

6.7100

Grade 40

Bottom of Girder

§3.6100

Grade 40
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Crozz Sections

Crozs Sections

3.2100

Grade 40

5.7100

Grade 40

306100

Grade 40




April 1, 2011 Section 8

Page 86 of 94

Crozs Sections

Cross Sections

Bottam of Girder

3.2100

Grade 40

Bottom of Girder

70.2973

Grade 40

Bottom of Girder

70.2973

Grade 40
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Crozs Sections

embs)

Crozs Sections

Biottam of Girder = . 2100 | Grade 40
Bottom of Girder 1 . Grade 40
Bottom of Girder 1 102100 |Grade 40
Bottom of Girder ) 53 6100 |Grade 40
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Crozz Sections

Crozs Sections

Buttom of Girder hd . 2100 | Grade 40
Bottom of Girder 1 . Grade 40
Bottom of Girder 1 102100 (Grade 40
Bottom of Girder ) 306100 (Grade 40
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The Cross Section Ranges window is shown below. Define the ranges over which
the cross sections apply.

Crozz Section Ranges

e | ] | o

Cross Section1 | ¥f|Cross Section 1 =] Mone
Cross Sectiond _¥f|Cross Section 2 7] F‘arabu:ulu:
Cross Section 2 r Cross Section 3 |_ Linear
Cross Section 3

Crozz Section 4

Cross Section 5

Cross Section 4

Crosz Section &

Crozz Section ¥

Cross Section 8

Cross Section ¥

Crosz Section &
Crozz Section ¥ r Crozz Section 8 |_ Parabulic
Cross Section 8 r Crozs Section 8 |_ Mone

e R (W W W W R R R R ===
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Open the Member Alternative Description window and click the Engine tab as
shown below.

Member Alternative Descripltion =] B3

Intenior Wariable Depth RC Tee Beam

BRASS LFD |




April 1, 2011 Section 8 Page 91 of 94

Click the Properties button to edit the engine properties for BRASS LFD.

BRAS5-5tandard Member Alternative Properties

-
B
——

Computed bazed on loadings and compozite regions. B

1 - Generate points of interest at all tenth pointz along TOF zpans |_

100
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To perform a rating, select the View Analysis Settings button on the toolbar
to open the window shown below. Select the required vehicles to be used in
the rating and click OK.

Analysiz Settings

w HS 15-44 R
- H5 20(50) - Ireventory

- HS 20-44 - Lo HE 20-44

- Type 3 = Operating

~ Type 33 - HS 20-44

- Type 352 ‘.. Colorado Permit Wehicle
- Agency

- Colorado Permit Yehicle

- Colorada Posting Type 3

- Colorada Posting Type 3-2

- Colorada Posting Type 352

- Pemmit 12333

- Superload
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The results of the LFD rating analysis are as follows.

Member: G2

RATING FACTOR REPORT
ANALYSIS POINT NO. 17: 205.00

LOAD LEVELS TRUCK DESCRIPTION
1: 1.30( 1.00 *D + 1.67 * L) 1. Truck: AASHTC H 20-8 16 Loading, 1944 Ed
2: 1.30( 1.00 * D + 1.00 * 1, ) 2. Truck: BASHTO H 20-8 16 Loading, 1944 Ed

3. Truck: 96 Tons Vehicle

LOAD LEVEL 1 ---—- LOAD LEVEL 2 ----- LOAD LEVEL 3 ----- LOAD LEVEL 4

POS. MOMENT T

TRUCK 1 01.23 44.2¢ 02.05 73, 8T N/A N/A

TRUCK 2 01.67 02.80 N/A N/A

TRUCK 3 01.09 01.83 T WA N/A

CRITICAL 01.09 01.83 175.7 N/A N/A
NEG. MOMENT

TRUCK 1 01.79 02.99 N/A N/A

TRUCK 2 01.49 02.50 N/A N/A

TRUCK 3 01.17 01.96 N/A N/A

CRITICAL 01.17 01.96 N/A N/A
POS. SHEAR

TRUCK 1 N/A N/A N/A N/A

TRUCK 2 N/A N/a N/A N/A

TRUCK 3 N/A N/A N/A N/A

CRITICAL N/A N/A N/A N/A
NEG. SHEAR

TRUCK 1 N/A N/A N/ N/A

TRUCK 2 N/A N/A N/A N/A

TRUCK 3 N/A N/A N/A N/A

CRITICAL N/A N/A N/A N/A
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COLORADO DEPARTMENT OF TRANSPORTATION Structure # I.-18-AV
LOAD FACTOR RATING SUMMARY SEETETT 138 Overpass
Rated using Batch 1.D.

Asphalt thickness: 50 mim { 2 in.}

@ Colorado legal loads Structure type CS8GC

Q Interstate legal loads Parallel structure #

| " INTERIOR GIRDER SLAB
Structural membe: e 2.5 pT

Metric tons  {Tons)

Inventory 40.0 ( 44

Operating 67.3

Type 3 truck

Type 3-2 truck

et [ e | e | e | e

Permit truck 160.0

e, | | | ) § | —

(
(
Type 352 truck (
(
(

o, | e, | ey | e | ] | —
o | e | e | g | | Yo | oame”

Type 352 Truck

Intarstate 34.5 metric tons (38 tons)
Colorado 3B.6 matric tons (42.5 tons)

Inferstate
35.4 men
Colorado

Colorada 24 5 metric 1ons (27 tons)

D Type 3 Truck
Interstate 21.B metric 1ons (24 tons)

?ype 32 Truck

38.6 matric fons (42.5 fon)

ric tons (39 tons)

Metric tons Tons Metric tons Tons Metric tons Tons

Comments

Control Member: Deck; Rated for 2" HBP
Load Capacity: 49 Tons
Girder: Only Interior Girder Rated; Rated for 2" HBP

Color Code: White

Project No: | 002-3(20) Eldorado Street over |-25
IM 0251-141 Rehab/Rail repair

Rated by Date Checked by

Date

Previous editions are obsolete and may not be used

CDOT Form #1187a  1/85
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BRI DGE RATI NG MANUAL Supersedes: July 1, 1995

SECTI ON 9A — PRESTRESSED CONCRETE G RDER BRI DGES

9A-1

9A- 2

| NTRODUCTI ON TO RATI NG PRESTRESSED CONCRETE G RDER BRI DGES

This section together with section 1, presents the policies and
guidelines for rating prestressed concrete girders. Policies are

item zed in subsection 9A-2, while supporting guidelines are sunmari zed
in subsections 9A-2, 3, 4, and 5.

The types of girders covered by this section include precast
pretensioned girders as described bel ow

CPG - Concrete Prestressed G rder

CPGC - Concrete Prestressed G rder Continuous
CDTPG - Concrete Doubl e-Tee Prestressed G rder
CBGP - Concrete Box Grder Prestressed

CBGCP - Concrete Box G rder Continuous Prestressed

PCLI CI ES AND GUI DELI NES FOR RATI NG PRESTRESSED CONCRETE G RDER BRI DGES

Cener al

A

Prestressed concrete girders, either sinple span, or sinple spans
made continuous, shall be rated using the VIRTIS computer
program Refer to subsection 9A-3 for information on this
program

When the LFD nethod is used for rating girders, unless a nore
rati onal methodol ogy like the nodified conpression field theory
in the AASHTO LRFD code is adopted for use, prestressed girders
shall not be rated for shear. However, during the design process,
all prestressed girders shall be checked for shear using the
appropriate AASHTO code.

Doubl e-tee structures without a poured in place conposite deck or
a full depth diaphragm shall use the live |oad distribution
factor as prescribed in the AASHTO LRFD Specifications. The
exterior girder distribution factor shall be cal cul ated using the
| ever rule.

Doubl e-tee structures with a poured in place conposite deck or a
full depth rigid diaphragm bracing systemwith a rotationa
stiffness roughly equal to a poured in place deck, the live | oad
distribution factor for Concrete T-Grders as prescribed in Table
3.23.1 of the AASHTO Standard Specifications for H ghway Bridges,
16'" Edition, shall be used.

When using the AASHTO LRFD Multi-Beam live | oad distribution
factor and load restrictions are required, a rational nethod may
be used for the live load distribution factor cal cul ation

i ncluding the use of the LDFAC program
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The rater shall be responsible for determ ning whet her
stress-relieved or |owrelaxation strands were used in the
bridge. If it is not possible to discern what type of strand was
used, then the rater shall assune that stress-relieved strands
were used prior to Decenber, 1983, and | owrel axation strands
thereafter.

Prestressed concrete girder bridges with conplex geonetric
alignment i.e., flared girder bridges or girders with a variable
over hang, shall be nmodel ed as sinple, straight beams on pin or
roller supports. The Virtis program output results can then be
suppl enent ed by hand cal cul ati ons to consi der any significant

i nfl uences, as necessary.

For effective slab widths, the b in the equation (12t+b) shall be
the width of the top flange of the girder, not the web.

G rders Requiring Rating

A

Cal cul

Interior Grders - Arating is required for the critical interior
girder. Morre than one interior girder may require an anal ysis due
to variation in span |length, girder size, girder spacing, number
of prestressing strands, differences in |oads or nonents,
concrete strength, etc

Exterior Grders - An exterior girder shall be rated under the
foll owi ng gui delines:

1. Wen the section used for an exterior girder is different than
the section used for an interior girder

2. Wien the overhang is greater than S/ 2

3. The exterior unit of a multi-beam structure should be rated if
it does not have a cast-in-place conposite slab. For this case
the dead | oads due to sidewal ks, curbs and railing shall be
applied to only the exterior unit.

4. When the rater determ nes the rating woul d be advant ageous in
anal yzing the overall condition of a structure.

ations

A set of calculations, separate from conmputer output, shall be
subnmitted with each rating. These cal cul ati ons shall include
derivations for dead | oads, derivations for |ive |oad

di stribution factors, and any other cal cul ati ons or assunptions
used for rating. The rater shall al so indicate whether
stress-relieved or lowrelaxation strands were used in the rating
cal cul ati ons.

Dead Loads

1. The final sumof all the individual weight conmponents for dead
| oad cal cul ati ons may be rounded up to the nearest 5 pounds.
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2. Dead loads applied after a cast-in-place concrete deck has
cured shall be distributed equally to all girders and, when
applicable, treated as conposite dead | oads. Exanples include
asphalt, curbs, sidewal ks, railing, etc.

3. Dead | oads applied before a cast-in-place concrete deck has
cured shall be distributed to the applicable individua
supporting girders and treated as non-conposite | oads. Exanples
of this type of dead | oad are deck slabs, girders and di aphragns.

4. Use 5 psf for the unit weight of formwork when it is likely
the formvmork will remain in place.

5. The nethod of applying dead | oads due to utilities is left to
the rater's discretion.

Si npl e and Conti nuous Span Bridges

Sinpl e span prestressed girders shall be rated as sinple span nenbers
for all loads( i.e. DL1, DL2, LL+l loads). Span length shall be taken
as the distance between the centerline of bearing at abutments or
supports.

Si npl e span prestressed girders made continuous for conposite dead

| oads and live |oad plus inpact, shall be rated as continuous nenbers
for these | oads. Span lengths shall be taken as the distance from
centerline of bearing at the abutment to centerline of pier, and
centerline of pier to centerline of pier as applicable.

The negative nmoment analysis at centerline of piers shall be based on
the Utimte Strength (Load Factor) method. The girder’'s primary
negative nmonent reinforcement and only the top layer of the slab’s
distribution reinforcenment, within the effective slab width, shall be
used in the analysis.

Prestressed girder end blocks, if present, shall not be used in the
anal ysi s.

Si npl e span prestressed girders made continuous for conposite dead

| oads and live load plus inpact, and if the specified conpressive
strength of concrete (28 days of age) used in the girders changes from
span to span, only the girder with the | east conpressive strength shal
be used to nodel the entire structure.

Rati ng Reporting/ Package Requirenents

The rater and checker shall conplete the rating docunentation as
described in Section 1 of this manual. The rating package requirenents
shal |l be per Section 1-13 of this manual and as anmended herein
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Consul tant designed projects — Before finalizing the rating package and
when VIRTIS is used as the analysis tool, the Rater shall verify with
the Staff Bridge Rating Coordi nator that the versi on number of the
program being used is identical to CDOI'S version nunber. Data files
created using a |l ower version of the programshall be rejected. It is
required for the CDOT data archive, since the data base managenent
feature inside the programwould not work satisfactorily. After the
analysis is conpleted, the rater shall save the data file. Wen saving
is finalized, the rater shall export the data file in *.bbd format
(i.e., F-17-1E bbd format; bbd = BRI DGEWAre Bridge Data File) on an

| BM conpatible 3.5 PC Disk for delivery with the rating package.

Al so, the version nunber used during analysis shall be typed on the

di skette | abel. This ensures proper inportation of bridge data archive
by the Staff Bridge at a | ater date.
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9A- 3

GUI DELI NES FOR USI NG THE VI RTI S RATI NG PROGRAM

The VIRTIS computer program performs the analysis and rating of sinple
span and nultispan prestressed girder bridges. It uses the BRASS ASD or
t he BRASS LFD engi ne for analysis. This programwas devel oped in
accordance with the AASHTO STANDARD SPECI FI CATI ONS, 16TH EDI TI ON AND
THE AASHTO MANUAL FOR CONDI TI ON EVALUATI ON OF BRI DGES

A maxi mum of thirteen (13) spans and twelve (12) girder lines can be
nodel ed using the program Wen a structure nodel is finalized, it can
be rated using the ASD or the LFD method. The LRFD rating nodule is
currently being devel oped and will be available in the future. Wen a
structure nodel is being generated and before any anal ysis can be
performed, it is recommended that Virtis users save the data to nmenory
periodically. This can be acconplished by using the File and Save
feature of this program

The library explorer can be used to save conmonly used itens (beam
shapes, non standard vehicles, materials, appurtenances etc.) and this
elimnates the need for all users to define the sane itens repeatedly
t hroughout the program Once a new girder shape is defined or copied
fromthe library, Virtis automatically conputes the required section
properties and beam constants.

Dead | oad due to the girder self weight, deck slab and appurtenances
(i.e. rails, nedian barrier etc.) are calculated automatically by the
program Dead |oad due to the haunch, wearing surface and stiffener
wei ght (for steel bridges) are defined by the user. For a detailed
description of the girder |loads, refer to the Opis/Virtis Help Menu

i ndex item - dead |oads. During nodeling a structure, help menu can
al so be activated by using the F1 key when the user requires
clarification on a particular itemin the GJU w ndow.

In the Live Load Distribution Factor wi ndow, when the conpute button is
used to calculate the DF' s automatically by the program Virtis users
shall verify that these nunbers are accurate and are equal to their

cal cul at ed nunbers.

For prestressed girder bridges, in addition to using the BRASS LFD
engine for analysis, all serviceability checks/rating per Article
6.6.3.3 of the AASHTO Manual For Condition Evaluation O Bridges shal
be perforned using the BRASS ASD engi ne.

Al'l Col orado BT girder shapes, the Col orado permt vehicle, the

Col orado posting trucks and the Interstate posting trucks have been
added to the Virtis library explorer and may be copied by the user. The
Staff Bridge Rating Coordinator shall be responsible for updating

exi sting informati on or adding new information (i.e. beam shapes,
vehicles etc.) to the library explorer

The configuration browser provides access to the configuration features
of Virtis. It may be enployed to provide specific access privil eges,
i.e. read, wite, delete etc., to the users. This feature is extrenely
powerful, since Virtis/Qpis uses and shares bridge data from one conmon
source. Therefore, it is required that users of this programcreate a
fol der fromthe bridge explorer w ndow (EXAMPLE: MY FOLDER OR YOUR LAST
NAME) before creating the nodel for a new structure.
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9A-4

RATI NG PRESTRESSED CONCRETE G RDER BRI DGES DESI GNED BY LOAD FACTOR
METHOD

Al'l ratings should be perforned in accordance to the AASHTO Manual For
Condi ti on Eval uation of Bridges and the appropriate Articles of AASHTO
Bri dge Design Specifications. The capacity of prestressed concrete
menbers shoul d be evaluated for strength requirements (at both
Inventory and Operating level) stated in the AASHTO Desi gn
Specifications Article 9.17. At the Inventory level, Serviceability
requi renents should al so be consi dered. The basic rating equation (6-
la) of the Manual For Condition Evaluation of Bridges may be used if
checking the crack serviceability linmt state with A;=1.0, A,=1.0, and
C=M,. Typically, prestressed concrete menbers used in bridge
structures will meet the mninumreinforcenent requirenents of Article
9.18.2.1 of the AASHTO Design Specifications. Wile there is no
reduction in the flexural strength of the menber in the event that

t hese provisions are not satisfied, an owner, as part of the flexura
rating may choose to limt live |loads to those that preserve the

rel ati onshi p between ¢V, and M, by adjusting the capacity value “C’" in
the rating equation (6-1a). Thus when ¢M, < 1.2M,, the adjusted “C

becormes (k) (@ (M) where k= (V) /(1. 2M ;).
Non Prestressed Reinforcement may be considered as per AASHTO
Specifications Article 9.19.

The foll owi ng equations regardi ng Load Factor rating of pretensioned
and postensi oned concrete nenbers are furnished:

I NVENTORY RATI NG

6 fF tF, £ F £ F,

RF Equation (1) Concrete Tension
l:LL+|
BF' £F, +F, £ F
RF = € D~ P~ S Equation (2) Concrete Conpression
l:LL+|
AF' +1/2(F, + F, £ F
RF = < (Fo £ Fp £ F) Equation (3) Concrete Conpression
I:LL+|
0.8F, +F,+F, +F
RF = A D~ P~ S Equation (4) Prestressing Steel Tension
I:LL+|
+13D +10S
RF = R, Equation (5) Flexural & Shear Strength

217L




April 1, 2002 Section 9A Page 7 of 140

OPERATI NG RATI NG

RF = R, £1.3D+105 Equation (6) Flexural & Shear Strength
13L
RF = O9F, +Fy*Fp£Fs Equation (7) Prestressing Steel Tension
I:LL+I
RF = Rating Factor
F'c = Concrete Conpressive Strength
Fs = Unfactored dead | oad stresses
F = Unfactored stress due to prestress force after all |osses
F = Unfactored stress due to secondary prestress forces
F .., = Unfactored live | oad stress including inpact

®R, = Nominal strength of section (@MW or ¢V,) satisfying the ductility
limtations of Article 9.18 and Article 9.20 of the AASHTO Standard
Speci fications. Both nmoment (@M,) and shear (¢V,) should be eval uated.

Unf act ored dead | oad nonent or shear

Unf act ored prestress secondary noment or shear

Unfactored |ive | oad nonent or shear including inpact

Prestressing steel yield stress

o = Cracking Monent per AASHTO article 9.18

T Mrno
1

Equation (7) can control rating when at |east one strand is near the extreme
tension fiber and the C G of the prestressing is near the neutral axis.
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9A-5

RATI NG PRESTRESSED CONCRETE G RDER BRI DGES W THOUT PLANS

When there are no plans or other docunentation for a particul ar
prestressed concrete structure, its nunerical rating shall be

determ ned by a Professional Engineer Registered in the State of

Col orado. This rating shall be based on a conmpl ete and conprehensive

i nspection of the structure and directions fromthe AASHTO MANUAL FOR
CONDI TI ON EVALUATI ON OF BRI DGES 1994, Second Edition. If the structure
shows no signs of distress due to |load, the Engineer can assign it a
maxi mum i nventory rating of 36 tons, and operating rating of 40 tons.
For all structures in the State H ghway System and desi gned after
January 1994, with the exception of LRFD designed bridges, a no

di stress condition shall have a mnimmlnventory rating of 45 tons and
an Qperating rating of 75 tons. For LRFD designed bridges, i.e.
structures designed after January 1998, a no distress condition shal
have a m ni mum pernit vehicle operating rating of 105 tons.

When there are signs of capacity-reducing distress or deterioration, an
appropriate judgnment should be made and ratings proportionally |ess
shall be given to the prestressed concrete structure.

For bridges owned or nmintai ned by the Col orado Departnent of
Transportation, the Staff Bridge Engineer will approve this type of
rati ng. For bridges owned or mmintained by a city or county, a
recommended rating shall be approved by the City and County Engi neer
and shown on the Rating Summary Sheet.

The processes and responsibilities of the Rater and Checker will stil
follow those described in Section 1 with the followi ng two additions.
First, as just described, the Staff Bridge Engi neer shall, or
appropriate city/county official should, review the recomended rating.
Secondly, the rating sunmary sheet shall state that the structure was
rated by inspection.
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9A- 6

PRESTRESSED CONCRETE G RDER BRI DGE RATI NG EXAMPLES

Three exanples are presented in this section. First, Structure I-09-Q
is a sinple span conmposite concrete prestressed girder bridge with a
skew of 33° degrees. It has seven (7) BT-72 girders. Only the interior
gi rder has been nodeled for this structure. The second structure, F-17-
IE, is a 3-span conposite concrete prestressed girder bridge with a
skew of 52° degrees. It has four (4) G54 girders. For sinmplicity, only
the interior girder has been nodeled for this structure. The third
structure, L-26-BR is a sinple span prestressed girder bridge with a
skew of 0° 1t has no poured in place conposite deck. Due to limtations
on the nunber of girders that Virtis can analyze, only twelve (12)
girders (i.e., 6 Double-tee girder Units) have been used to nodel the
structure. For nodeling sinmplicity, only half of a Double-tee interior
gi rder has been nodeled for this structure.
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Col orado BT girder shapes incl uded:
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Col orado BT girder shapes incl uded:
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Slab Rating Program Input, Structure No. 1-09-Q

. WinSlab Input

Ef fective Span Length:

1=Colorada =5

Per AASHTO Article 3.24.1.2(b)

Cl ear distance between flanges + 1/2 flange width = 30" +1/2(43)=51.5"

=4.3
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Sl ab Rating Program Qut put,

Structure No.

1-09-Q

WnSl ab Rating Version 1 Date: 10/12/2001
Structure NO. 1-09-Q Rater: M State HW NO. = 135
Batch | D= Descri ption: LFD
LOAD FACTOR RATI NG COWP STEEL NOT USED
| NPUT DATA
Bi t um nous Overlay(in)= 2.000
Eff. Span(ft)= 4.300 Sl ab Thi ckness(in)= 8.000
Top Reinf. (sg.in)= 0.53 Eff. Depth(in) = 5.188
Bott om Area(sq.in)= 0.53 Bottom Di st. (in)= 1.31
Conc. Strength(PSI) Inv = 4500 Qper. = 4500
Steel Yield (PSl) Inv = 60000 Oper. = 60000
Modul ar Ratio = 8
Dead Load Mbnent 0.23 K-Ft
LL+l Monent 3.28 K-Ft
Gross Wei ght 36.0 Tons
I nventory Operating
Actual Concrete Stress (PSI) 1384.70 2268. 79
Actual Reinf. Steel Stress (PSl) 26715. 30 43772. 27
Actual Conp. Steel Stress (PSI) 3069. 34 5029. 03
Menber Capacity (K-Ft) 11.55 11.55
Member Capacity (LL+l) (K-Ft) 11. 25 11. 25
Rati ng (Tons) 57. 05 95. 09
Virtis Bridge Rating Exanple, Structure No. 1-09-Q
Effective slab width: Per AASHTO Article 9.8.1.1
0.25(L)= 0.25(156*12) = 468"
12t+ b = 12*8+ 43= 139"
C.L. - CL. of girder= 6.0833 =73" Controls
Dead Load:
I nt ermedi at e Di aphragm = (26/1000)*(73-7)/12 = 0.143 kip

Abut nment

Use 0.150 Kkip

(1/sin57°))*(0.150)= 17.6 kips
Use 18.0 ki ps

Di aphragm = ((2.67)*(80.5/12)*6. 0833*(1/sin57°) — (864/144)*(21/12)*
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Virtis Bridge Rating Exanple, Structure No. 1-09-Q (contd.)

8 Schematics: Framing Plan Yiew

B & 73| % | |

13T

JuY Schematics: Bridge Typical Cross Section Yiew

Ba| | | %] ]
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Travelbway-1

3'-n"J_ B@E-1" = 366"
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2
=
1=

E
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Fromthe bridge explorer,
i nformati on.

Batch 1D, 194001
SH135

US Customary [

create a new bridge and enter the follow ng

Cick OK This saves the data to nenory and cl oses the w ndow.

NOTE: Since Virtis uses a comon/shared dat abase;

it is required that users

of this programcreate a folder fromthe bridge explorer w ndow
( EXAMPLE: MY FOLDER OR YOUR LAST NAME) before creating the nodel for a
new structure.
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To add a new concrete material, click on Materials, Concrete, in the tree and
select File/New fromthe nmenu (or right click on Concrete and sel ect New).
Cick the Copy fromLibrary button and sel ect the Col orado Deck Concrete from
the library. dick OK and the following window will open. Cick OK to save
this deck concrete material to nenory and cl ose the wi ndow.

Bridge M aterialz - Concrete M=l E

Colorado Deck Concrete

0.00000&0000

0150
0150
4066.57
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Usi ng the sane techniques, create a new concrete material to be used for the
gi rder.

Bndge Matenals - Concrete

E earm Concrete

8.300

E.500
0.150
0.150
AR23.49
433800
0.200

M armal
0691

1.000
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Usi ng the same techni ques, create the follow ng Reinforcing Steel Materials
and Prestress Strands Materials. The wi ndows are shown in the follow ng
pages.

Bridge Matenials - Reinforcing Steel =] B3

Grade B0 B0 kzi reinforcing steel

I_
||

£0.000
23000.00
30.000
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Bridge Materialz - P5 Strand M=l E3

142" [Pwdf-270) 142" S even Wiredfipu = 270

0.5000
0153

Lo Relaxation




April 1, 2002 Section 9A Page 20 of 140

Expand the tree | abel ed Beam Shapes to enter a prestressed beam shape to be
used in the analysis. Cick on Prestressed Beam Shapes and | Beans in the
tree and select File/New fromthe nenu (or right nmouse click on | Beam and
select New). Cick on the copy fromlibrary button or fill in the bl anks.

PS5 | Beam

COLORADD BT-72
72" deep bulb-ted

43.0000

Cick OKto save to the nmenory and cl ose the w ndow.
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To enter the appurtenances to be used within the bridge, expand the explorer
tree | abel ed Appurtenances. Right nmouse click on Parapet in the tree, select
New and click copy from Library button. Select the Jersey Barrier and click
K. The parapet properties are copied to parapet wi ndow as shown below. Cick
K to save the data to nenory and cl ose the w ndow.

Bridge Appurtenances - Parapet

Type 10 Rail |

The default inmpact factors and the standard LFD factors will be used, so we
will skip to Structure Definition. Bridge Alternatives will be added after we
enter the Structure Definition.
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Thi s wi ndow shows the LFD | oad factors.

Factors - LFD

485HTO Standard Specifications for Highway Bridges, 16th 2]
Edition, 13596 including 1937 Intenm Specifications
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Doubl e click on STRUCTURE DEFI NI TION (or click on STRUCTURE DEFI NI TI ON and
select File/New fromthe nmenu or right nmouse click on STRUCTURE DEFI NI TI ON

and sel ect New fromthe popup nenu) to create a new structure definition. The
foll owi ng dialog box will appear.

Mew Structure Definition

]|

Structure Type

| D ezcription

Girder-line
Girder gystem

|

A gtucture definition deszcribing ane of more girders. The girders do MO
A structure definition describing one of more girders. The girders do hay

Cancel |

i
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Select Grder Systemand the following Structure Definition wi ndow will open.
Enter the appropriate data as shown below. Press F1 while on this tab to view
the help topic describing the use of this information.

Girder System Structure Definition

US Customary 7]
-
-

[Conciee <]

Timber

Span length for a sinple span prestressed girder structure shall be per
Section 9A-2 |V.
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The partially expanded Bridge Wrkspace tree i s shown bel ow

§& Bidge Workzpace - 1-09-0 PS8 [=] S
----- L Materials

----- ([ Beam Shapes

----- [ &ppurtenances

------- j Impact / Dynamic Load Allowance

----- (L Factors

----- (L1 BRIDGE ALTERMATIVES

: STRUCTURE DEFIMITIONS
Whref 7-girder systam

------- j Impact / Dynamic Load Allowance
------- 24 Load Caze Description

------- £ Framing Plan Detai

------- ﬁ Structure Typical Section

------- = Stucture Loads

H- [ Stress Limits
E- [ Prestress Properties
H- L1 Shear Reinforcement Definitions
= [ MEMBERS

B I G

B I G2

....... I G3[G2)

....... I G4[G2)

....... I G5[G2)

....... I GE[G2)

....... I G7(G1)

We now go back to the Bridge Alternatives and create a new Bridge

Alternative, a new Structure, and a new Structure Al ternative.

The partially expanded Bridge Wrkspace tree i s shown bel ow

it Bridge Workspace - 1-09-Q | _ O] =]
----- [ Materials
----- ([ Beam Shapes
- [ Appurtenances
: j Impact / Dynamic Load Allowance
----- (L Factors
EI ----- (L1 BRIDGE ALTERMATIMES
. B~ 4Dy Bridge Altemative #1 (E] (C)
- (3 STRUCTURES
Bl T Structure #1
B [ STRUCTURE ALTERMATIVES
- == Stiucture Alternative #1 [E][C] [7-girder aystem)
STRUCTLIRE DEFIMITIONS
lm-f F-girder sygtem
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Cick Load Case Description to define the dead | oad cases. The | oad types are
presented in a single row separated by a comma. The first type applies to the
LFD design and the second type applies to the LRFD design and it corresponds
with the | oad types presented in the AASHTO Specifications. The conpl eted
Load Case Description wi ndow is shown bel ow.

parapets Composzsite (long term) (Stage 20 DD
future wearing surface Composite (long term] (Stage 27 O Cf
Haunch Load Mon-composite (Stage 1) DD
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Doubl e click on Framing Plan Detail to describe the fram ng plan. Enter the
appropriate data to describe the frani ng plan.

Structure Framing Plan Details

—

F3.0000
| F3.0000
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If the bridge has diaphragns, switch to the Di aphragns tab and enter the
appropriate data. Click OKto save to nenory and cl ose the w ndow.

Structure Framing Plan Details
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Doubl e click on Structure Typical Section in the Bridge Wrkspace tree to
define the structure typical section. Input the data describing the typical

section as shown bel ow.

Structure Typical Section
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The Deck(Cont’d) tab is used to enter information about the deck concrete and
thi ckness. The material to be used for the deck concrete is selected fromthe
list of bridge materials described previously.

Structure Typical Section
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Par apet s:
Add two parapets as shown bel ow.

Structure Typical Section

ﬁhﬁf

Type 10 Rail | T parapsts wllBack | x|lLett Edge 0.00 0.00 |Right
Type 10 Rail | T parapets wllBack x| Rigrt Edge |7 0.00 0.00 |Left
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Lane Positions:

Sel ect the lane position tab and use the Conpute...button to conpute the | ane
positions. A dialog showing the results of the conmputation opens. Cick apply
to accept the conputed values. The Lane Position tab is popul ated as shown
bel ow.

Structure Typical Section
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Enter the followi ng wearing surface information on the Waring Surface tab.

Structure Typical Section

4.0000

144.000
future weating suface 3|

ok | e | cace |
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Doubl e click on the Structure Loads tree itemto define the DL Distribution.
Select the required DL Distribution. Cick OKto save this information to
menory and cl ose the w ndow.

Structure Loads




April 1, 2002 Section 9A Page 35 of 140

A Stress Linit defines the allowable concrete stresses for a given concrete
material. Double click on the Stress Linmts tree itemto open the w ndow.

Sel ect the “Beam Concrete” concrete material. Default values for the

al | owabl e stresses will be conputed based on this concrete and the AASHTO
Specifications. A default value for the final allowable slab conpression is
not computed since the deck concrete is typically different fromthe concrete
used in the beam Cdick OKto save this information to nenory and cl ose the
wi ndow.

Streszs Limit S5ets - Concrete

Bearn strezs limits

eam Concrete |_

—
—
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Doubl e click on the Prestress Properties tree itemto open a wi ndow in which
to define the prestress properties for this structure definition. Define the
Prestress Property as shown below. Since we are using the AASHTO net hod to
conpute losses, only information in the “General P/S Data” tab is required.
Cick OK to save to nenory and cl ose the w ndow.

Prestrezs Properties

AASHTO Losses

172" [Pwd-270) B
AASHTO -]
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Define the vertical shear reinforcenment by double clicking on Vertical (under
Shear Reinforcenent Definition in the tree). Define the reinforcenent as
shown. The | shape shown is for illustrative purposes only. dick OKto save

to nenory and cl ose the w ndow.

Shear Beinforcement D efinition - Yertical

#4 zhear reinf
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The partially expanded Bridge Wrkspace tree i s shown bel ow

&3 Bridge Workspace - 1-09-0 M=l B3
----- [ Materials

----- [ Beam Shapes

; [ Appurtenances

- j Irmpact ¢ Dynamic Load Allowance

(L1 Factors

(L1 BRIDGE ALTERMATIMES

(L3 STRUCTURE DEFIMITIONS

------- j Impact / Dynamic Load Allowance

------- 24 Load Case Description

------- & Framing Plan Detail

------- ﬁ Structure Typical Section

------- 2 Stucture Loads

= [ Stress Limits

- T Beam stress limits

B [ Prestress Properties

o g A4SHTO Loszes

B [L1 Shear Reinforcement Definitions

B [ Yertical
Nl B 1 shear reinf

....... (23 Horizontal

=[] MEMBERS

H-- I G1

H-- I G2

....... I G362

....... I G4[G2

....... I GARIGZ

....... I GE[GZ)

....... I G7(G1)
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Descri bi ng a nenber:

The menber wi ndow shows the data that was generated when the structure
definition was created. No changes are required at this tinme. The first
Menber Alternative that we create will automatically be assigned as the
Exi sting and Current Menber alternative for this menber.

Member

Defining a Menber Alternative:

Doubl e click MEMBER ALTERNATIVES in the tree to create a new alternative. The
New Menber Alternative dial og shown below will open. Select Prestressed
(Pretensioned) Concrete for the Material Type and PS Precast | for the G rder

Type.

Mew Member Alternative E2

F5S Precast | |_

Cick OKto close the dialog and create a new nenber alternative.
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The Menber Alternative Description window will open. Enter the appropriate
data as shown bel ow. The Schedul e-based G rder property input nethod is the
only input method avail able for a prestressed concrete beam

Member Alternative Description =] E3

Precast PYS Interiar Member |

US Custonary 5

BRASS ASD |
BRASS LFD |-
BRASS LRFD |~

General Procedure |_
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Doubl e click on Menber Loads to define other girder dead | oads not cal cul ated
by the program automatically. Dead | oad due to haunch not included in the
section properties calculation is entered here.

Loads - Member

Al Spans T 0.045

Cal cul at ed average haunch = 2.5"
Haunch used for section properties = 1.43"

Dead Load/ G rder = (2.5-1.43)/12*(43/12)*(0.15) = 0.048 k/ft
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Apri |

Doubl e click on Supports to define support constraints for the girder. Enter
the follow ng support constraints. Cick OK to save data to nenory and cl ose

t he wi ndow.

Supports

Pinned |_

| Raoller x| u [

5 I I N
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The Conpute from Typi cal Section button on the Live Load Distribution w ndow
to calculate the distribution factors cannot be used until we have sel ected
the beam shape in the Beam Details window. At this point, Virtis/Opis does
not know if we have spread or adjacent beans. W will select the beam shape
now i n the Beam Detail s wi ndow and then come back to the Live Load
Distribution wi ndow Double click on BeamDetails in the tree to describe the
beam details. Enter the follow ng beam details information.

Beam Details

S s | G| R pees) e

coLorapoeT-72 [Ellsean concrete [EflaastroLosses  [Elno S5 e000002] soo00] 500
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Note that the Stress Limt Ranges are defined over the entire length of the
precast beam

Beam Details

s | | W] e

Eleam stress limits m 156.83
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The defaults on the Slab Interface tab are shown bel ow and are accept abl e.

Beam Details

Intentionally Roughened |_
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Doubl e click on Live Load Distribution to enter live |oad distribution
factors. Cick the Conpute from Typi cal Section button to conpute the live

| oad distribution factors. The distribution factors are computed based on the
AASHTO Specifications, Articles 3.23 and 3.28. Cick Apply and then OK to

save data to nmenory and cl ose the w ndow.

Live Load Diztribution

0869 1014 0869 0.286
1.106 1014 1.106 0837

r | S [ e | ot |
e
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Expand the tree under Strand Layout and open the Span 1 wi ndow. This wi ndow
allows you to define a prestress strand |layout for a prestressed concrete
beam span. Prestress strand | ayout can be described either by the actual
strand | ocations or the prestress force (jacking force) and eccentricity
(center of gravity) of the group of strands. Select P and CGS only for the
Description Type. Enter the followi ng Strand Layout information for Span 1
Press F1 while on this tab to view the strand | ayout help topic describing
the use of this information

Strand Layout - Span 1

o

o

5
oo
o
o
o

W
d
[
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Open the Deck Profile window and enter the date describing the structural
properties of the deck.

Deck Profile

| | | R

casep  RE] o[ s sooon] 7300 7600
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Doubl e click on Haunch Profile in the tree to define the haunch profile for
the girder.

PS5 Haunch Profile

ESESESEN R N

[ 1=l oo 156,00 0.0000 0.0000 1.4300 0.0000

Note: Only the haunch thickness to be used in section properties calculation
is input here. The program cal cul ates dead | oad due to this haunch
aut onati cal ly.
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The Shear Rei nforcenent Ranges are entered as described bel ow. The vertical
shear reinforcement is defined as extending into the deck on this tab. This
ensures conposite action between the beam and the deck. Data does not have to
be entered on the Horizontal tab to indicate conposite action since we have
defined that by extending the vertical bars into the deck.

PS5 Shear Heinforcement Hanges

#4 shear remf 0.000aa
w||#4 shear reint x| 5.0000
4.0000
£.0000
9.0000
12 0000
14 0000
15.0000
12 0000
9.0000
£.0000

|_ #4 shear reint |_
|_ #4 shear reint |_

|_ #4 shear reint |_
|_ #4 shear reint |_

n[l 24 shear reinf | ¥
n[l #4 shear reint |_
nD #4 shear reint |_

nD #4 shear reint |—
BN

RRRRERREREEE

The description of an interior beamfor this structure definition is
conpl et e.
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The BRASS LFD engine data for the nenber alternative is shown bel ow

Member Alternative Description

IS =] E3

Precast PYS Interiar Member

BRASS LFD B




April 1, 2002 Section 9A Page 52 of 140

The results of the LFD/ASD rating analysis are as foll ows:

Anal