COLORADO DEPARTMENT OF TRANSPORTATI ON Secti on: 9A

STAFF BRI DGE Ef fective: April 1, 2002

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
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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)*




April 1, 2002 Section 9A Page 14 of 140

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
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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




April 1, 2002 Section 9A Page 18 of 140

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
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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.



April 1, 2002 Section 9A Page 22 of 140

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




April 1, 2002 Section 9A Page 26 of 140

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
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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 |_




April 1, 2002 Section 9A Page 46 of 140

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

Analysis Results - Precast P/S Interior Member

ﬁ Tfﬁﬁﬁffﬁfﬁﬁ

LILTIh& AE  LILTIRMAT

7EO0: 1-(500)

1.305

Analysis RBesults - Precast P/5 Interior Member

Fiating Results Summary |—

ﬁ S T e (B [ B o |
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COLORADO DEPARTMENT OF TRANSPORTATION Structure # I-09-0
LOAD FACTOR RATING SUMMARY State highway # 135
Rated using Batch I.D.
Asphalt thickness: 102 mm ( 4 in.)
@& Colorado legal loads Structure type cPe
Q Interstate legal loads Parallel structure #
Structural member INTERIOR GIRDER SLAB
BT 72
Metric tons  (Tons)
Inventory 26.4 ( 29 ) 51.8 ( 57 ) ( ) ( )
lOperating 125.4 ( 138 ) 86.4 ( 95 ) ( ) ( )
Type 3 truck ( ) ( ) ( ) ( )
Type 3S2 truck ( ) ( ) ( ) ( )
Type 3-2 truck ( ) ( ) ( ) ( )
Permit truck 166.4 ( 183 ) ( ) ( ) ( )

Type 3 Truck
Interstate 21.8 metric tons (24 tons)
Colorado 24.5 metric tons (27 tons)

Type 3S2 Truck

Interstate 34.5 metric tons (38 tons)
Colorado 38.6 metric tons (42.5 tons)

BD

Colorado

35.4 metric tons (39 tons)

f_{ 38.6 metric tons (42.5 ton)
]

Metric tons Metric tons

Comments

Control Member: Deck; Rated for 2" HBP
Load Capacity: 95 Tons

BT 72 Girders; Rated for 4" HBP
Color Code: White

Project No: STR(CX) 0135(14)

Girder: Only Interior Girder Rated; Haunch included in the section properties calculations;

Rated by Date Checked by

Date

Previous editions are obsolete and may not be used

CDOT Form #1187a  1/95
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Slab Rating Program Input, Structure No. F-17-1E

. WinSlab Input

Ef fective Span Length: Per AASHTO Article 3.24.1.2(a)

Cl ear distance between fl anges

ER S RakP
1=Colorado ==

11.5’-2.333' =9. 167’
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Slab Rating Program Qutput, Structure No. F-17-1E

WnSlab Rating Version 1 Date: 9/18/2001
Structure NO F-17-1E Rater: M State HW NO. = 470
Batch | D= Descripti on: RAMP A OVER SW RAMP

LOAD FACTOR RATI NG COWP STEEL NOT USED

I NPUT DATA

Bi t um nous Overlay(in)= 4. 000
Eff. Span(ft)= 9. 167 Sl ab Thi ckness(in)= 8.500
Top Reinf. (sg.in)= 0. 96 Eff. Depth(in) = 5.625
Bott om Area(sq.in)= 0.96 Bottom Di st. (in)= 1.38
Conc. Strength(PSI) Inv = 4500 Qper. = 4500
Steel Yield (PSl) Inv = 40000 Qper. = 40000
Modul ar Ratio = 8

Dead Load Monent 1.30 K-Ft

LL+l Moment 5.81 K-Ft

G oss Wi ght 36.0 Tons

I nventory Operating

Actual Concrete Stress (PSI) 1220. 64 1892. 62

Actual Reinf. Steel Stress (PSl) 19354. 22 30008. 88

Actual Comp. Steel Stress (PSI) 5294. 17 8208. 66

Menmber Capacity (K-Ft) 15. 00 15. 00

Menber Capacity (LL+I) (K-Ft) 13.31 13.31

Rati ng (Tons) 38.09 63. 48

Virtis Bridge Rating Exanple, Structure No. F-17-1E

Effective slab width: Per AASHTO Article 9.8.1.1

0.25(L)= 0.25(52.72*12) = 158. 16"
0.25(L)= 0.25(65.00*12) = 195. 00
0.25(L)= 0.25(49.96*12) = 149. 88"

12t+ b = 12*8.5+ 28= 130.00” Controls
C.L. - CL. of girder= 11.5 =138.00"

Dead Load:

((2)*(8/12)*(11.5) — (630/2)*(1/144)*(0.67))*(0.15)
2.09 ki ps Use 2.1 Kkips

I nt er nedi at e Di aphragm

Abut ment Di aphragm = ((2.58)*(56.5/12)*(11.5)*(1/sin38°) — (630/144)*(18/12)*
(1/sin38°))*(0.150)= 32.4 Kkips
Use 32.0 kips

Pi er Di aphragm = ((3.50)*(56.5/12)*(11.5)*(1/sin38°) — (630/144)*(29/12)*
(1/sin38°)*(0.150)= 43.6 Kips
Use 44.0 Kkips
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Virtis Bridge Rating Exanpl e,

E Schematics: Framing Plan Yiew

| & ||

Structure No. F-17-1E (contd.)

dil Schematics: Bridge Typical Crosz Section Yiew

B @ | /3% | |

4':"—':'"

4" Cwerlay
'~_\ Travelway-1 h g

o]

3@ 1-6" = 34-6"

L

J_z'-a"

ok
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From the bridge explorer, create a new bridge and enter the follow ng
i nformation.

F5pan Concrete Prestrezzed Girder continuous Bridoe

US Customary [

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

NOTE: Since Virtis uses a conmon/shared database; 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. Click OK to save
this deck concrete material to nenory and cl ose the wi ndow.

Bridge Materialz - Concrete M=l E3

IClass D[US) Colorado Deck Concrete

0. 00aa0eaaa0

0150
0150
4056, 34
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Usi ng the sane techniques, create a new concrete material to be used for the
gi rder.

Bridge Matenals - Concrete =] E3

PS 4.0ksi foi= 4.0 ksi
4.000

4.000
0.00000&0000
0150

0150
3834.25
3834.25
0.200
Marrnal
0.480
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 Materials - Reinforcing Steel =] E3

Grade 40 40 ki reinforcing steel

40.000

23000.00
70.000
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Bridge Matenals - Reinforcing Steel =] E3

[Girade G0 B0 k=i reinforcing steel

£0.000

23000.00
30.000
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Bridge Materialz - Reinforcing Steel M=l E3

229500

28500.00
270.000
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Bridge Materialz - P5 Strand M=l E3

1/2" [(Pad-270) SR Stress relieved 172" /S even Wiredfpu = 270

Strezz Relieved

270,000
229,500
28500.00
25.0000
30.0000
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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

Click OK to 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

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

B85HTO Standard Specifications for Highway Bridges, 16th =]
Edition, 1996 including 1937 Intenim S pecifications
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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

115 Cugtomary

Span lengths for a prestressed girder structure made continuous for live
| oads shall be per Section 9A-2 IV.
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The partially expanded Bridge Wrkspace tree i s shown bel ow

izl Bridge Workspace - F-17-1E [_ O

----- (L) Materials
----- (L1 Beam Shapes
----- [ Appurtenances
------- j Impact / Dynamic Load Allowance
----- (2 Factors
El ----- [ BRIDGE ALTERMATIVES
C @ &My Bridge Altemative # 1 () [C)
=B = TRUCTURE DEFINITIONS
[ h-nl 4 Prestrezzed Girder Svstem
------- j Impact / Dynamic Load Allowance
------- 24 | pad Caze Description
------- A Framing Plan Detail
------- m Structure Typical Section
------- £ Stucture Loads
- [ Stress Limits
- |22 Prestress Properties
- [ Shear Reinforcement D efinitions
= [ MEMBERS
----- I G
----- I G2
T G3(G2)
b T G4(G1)

- -

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 Wrkspace tree is shown bel ow
izl Bridge Workspace - F-17-1E N [=]

[ !
----- (L Materials
----- (L Beam Shapes
----- L1 Appurtenances
- =L mpact / Dynamic Load Allowance
----- (L Factors
El ----- [ ERIDGE ALTERMATIVES
. B M Bridge Alernative # 1 (E][C)
- (1 STRUCTURES
B ™= Shucture 1
B ([0 STRUCTURE ALTERMATIVES
b == Stucture Alternative # 1 [E] [C) [4 Prestrezsed Girder System)

= ([ STRUCTURE DEFINITIONS
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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.

Load Case Description wi ndow is shown bel ow.

HBF Composite (long term) (Stage 29

The conpl et ed

Bridge Rail Composite (long term) (Stage 2)

Haunch load Mon-composite (Stage 1)
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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
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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

F [
A ey | D |

o B el Feal Il e e

KB 32.0000

21000
44,0000
2.1000
44,0000
21000
32,0000
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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

ClassDWs) [

5000
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Par apet s:
Add two parapets as shown bel ow.

Structure Typical Section

Fail Type 4 *||Bridge Rail =|pack | =|LettEdge |7 0.00 0.00 [Right ™|
Fail Type 4 *||Bridge Rail =|pack | x||Right Edge |7 0.00 000 Lett |7
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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 Sechtion
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Enter the followi ng wearing surface information on the Waring Surface tab.

Structure Typical Section

[

ok ] eeb [ Concel |
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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
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A Stress Linit defines the allowable concrete stresses for a given concrete
material. Double click on the Stress Linmits tree itemto open the w ndow.
Select the “PS 4.0 ksi” concrete material. Default values for the allowable
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.

Strezs Limit 5ets - Concrete

4 K.zi Beam 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.

Prestress Properties

142" SH AASHTO Loss

122" [Pw/-270) SR 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 Reinforcement D efinition - Yertical
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Usi ng the sanme techni ques, define another vertical Shear Reinforcenent
Definition.

Shear Reinforcement D efimtion - Yerhical

Grade 40 |
=
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The partially expanded Bridge Wrkspace tree i s shown bel ow

& Bridge Workspace - F-17-1E _ O]

----- (L Materials

----- (L1 Beam Shapes

----- [ Appurtenances

------- j Impact / Dynamic Load Allowance
----- (L1 Factors

----- (L1 BRIDGE ALTERMATIVES

= (£ STRUCTURE DEFIMITIONS

------- j Impact / Denamic Load Allowance
------- 2t Load Caze Description

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

------- m Structure Typical Section

------- e Structure Loads

E- (23 Stress Limits

b G 4 Kz Beamn Concrete

B [ Prestress Properties

- g 142" SR AASHT O Loss
[ |:| Shear Reinforcement Definitions

B [ Vertical
© b B #4 Stimups
- [l B 55 Stirups
tee (] Horizontal
= [ MEMBERS
..... I G1
..... I G2
- I G362

e I G4[&1]
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Descri bi ng a nmenber:

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

Member

Defining a Menber Alternative:

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

Type.

Mew Member Alternative Ed

FS 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

U3 Customary 7]
BRASS ASD =

BRASS LFD =
BRASS LRFD =

eneral 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 ) 0.058

Cal cul at ed average haunch = 2.0"
Haunch used for section properties = 0.0"

Dead Load/ Girder = (2.0-0.0)/12*(28/12)*(0.15) = 0.058 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
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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 i f 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 Detailz

Colorado & 54 r|Ps 40ksi |12 sR AASHTO Lass 7] x| 7757 30000 30000
Colorada G 54 *|Ps a0ksi =152 SR AASHTO Lass |7 x| 7757 30000 3.0000
Colorado G 54 ~lPs 4.0 ksi w142 SR AASHTO Loss |7 =l 77e7| 30000 30000
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The Continuous Support Detail tab is only shown for a nulti-span structure.
The foll owi ng data describes the distances fromthe centerlines of bearing to
the centerlines of the piers.

Beam Detailz

10.7500 10.7500
10,7500 10,7500
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Note that the Stress Limt Ranges are defined over the entire length of the
precast beam

Beam Details

BN IS

| 1 |4 Kei Beam Concrete 0.00 52.32
| 2 7|4 KsiBeam concrete I— 0.00 B3.71
[ 3 |4 ksiBeam concrete 7] 0.00 4356
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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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The Continuity Diaphragmtab is only displayed for multi-span structures. The
data on this tab defines the cast-in-place diaphragns used to nake the
structure continuous for live load. Press F1 while on this tab to view the
continuity diaphragm help topic describing the use of this information.

Beam Details

~llcrade 270 |7 2.0000 3000 |5
Grade 270 I— 2.0000 3.000 |5 I— Grade 270 I— 2.0000 3.000 |5 I—
[ 3 o 20 = hd

2.0000 3.000 (5
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Now doubl e click on Live Load Distribution in the tree to enter the live |oad
distribution factors. dick the Conmpute from Typical Section button to
conpute the live load distribution factors. The distribution factors are
conput ed based on the AASHTO Specifications, Articles 3.23 and 3.28. dick
Apply and then OK to save data to nenory and cl ose the w ndow.

Live Load Distribution

1478 1478 1.478 0.:300
20 2.261 2.0 1.350

r | S || v | oeenen |
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

]

]

i
d
i

Usi ng the sane techni ques, define the strand |layout for span 2 and span 3.
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Strand Layout - Span 2

[=a)

P

i
d
i
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Strand Layout - Span 3

G
oo
.
7o
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

el il el ]

cessows) ] 1 =l ow|  rerss) — seom| eoom|  [71®
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The deck reinforcenment in the negative nmonment regions is described as
fol | ows.

Deck Profile

i & i 2 e

Top of Slak
Top of Slak
Top of Slak

Top of Slakb
Top of Slakb

Note: Only the top layer of the slab’s distribution reinforcenent is used in
the anal ysi s.
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Doubl e click on Haunch Profile in the tree to define the haunch profile for
the girder.

PS Haunch Profile

ES -3 N N N

el oo 167 56 0.0000 0.0000 0.0000 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 reinforcenment 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.

PS Shear Beinforcement Ranges

nD #5 Stirrups
nD #5 Stirrups
nD #4 Stirrups
n[l #4 Stirrups
n[l #4 Stirrups
nD #4 Stirrups
nD #5 Stirrups
m #5 Stirrups
n[l #4 Stirrups
n[l #4 Stirrups
ED #4 Stirrups

<= R =R R R R

The description of an interior beamfor this structure definition is
conpl et e.



Apri |

1, 2002 Section 9A

Page 101 of 140

The BRASS LFD engine data for the nenber alternative is shown bel ow

Member Alternative Descripltion

IS [=] E3

Internior G54 Calarada Girder |

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

Analysiz Results - Intenor G54 Colorado Girder

£ ULTIMATE MOME

Analysiz Results - Intenior G54 Colorado Girder

Note: LFD method controls both the Inventory and the Operating rating.
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COLORADD DEFARTMENT COF TRANSFORTATION ke b

Type -2 Tuk

LOAD FACTOR RATING SUMMARY T
o 6 (40 )] 2as (30 ) ( ) ()
[ e {8 )| 573 { e ) ( ) ()
e ( ) ( ) ( ) ( )
e | () () () ()
() ( ) ( ()
* ((0e) ) ()
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Control Mambar: Deck. Rated for 4" HBP

Load Capasity: 83.0 Tens

Qirder, Ondy Interior Girder Raled: Haunch not included in the section properties calcwlataons
G 54 Girders, Rated for 2" HEF

Color Code:  White
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Virtis Bridge Rating Exanple, Structure No. L-26-BR

Use average web = 6.0"
G rder flange = Y{Total

flange width) = ¥£86.0) = 43.0"

4x4 ~ WAIxWE WIF, assunmed shear reinforcing: #3 single |

Dead Load:

I nt ernedi ate Di aphragm = 0. 150 ki p/ di aphragm
4 di aphragm) = 0.075 kip

eg bar @12” c/c

Abut ment Di aphragm = ((2.50)*(44.5/12)*(3.5833) — (507.5/ 144)*(20/ 12))
*(0.150)= 4.1 ki ps Use 4.1

Di stribution Factors

+ AASHTO LRFD Table 4.6.2.2.2b-1

K=V (1+w)*1/J= v (1+0.2)*(90584)/ (12345)=2. 96

C = K*(WL) = 2.96%(72/59.5)

NL = 6 Lanes Assuned

L =

ki ps

=3.58>K [0OC=K=296

59. 5

D=11.5 — NL + 1.4*NL*(1-0.2C)*(1-0. 2C)

= (11.5 — 6) + 1.4*6*(1-0.2*2.96)*(1-0.2*2. 96)

S/ID = (43/12)/(6.898/2) = 1.

NL = 1 Lane

D= (11.5 — 1) + 1.4*1*(1-0.2%2.96)*(1-0.2*2. 96)

S/D = (43/12)/(10.733/2)

039 Wheel Lines

= 0. 668 \Weel Lines

e AASHTO Standard Specifications, Table 3.23.1

Assumed full depth rigid diaphragm

Di stribution Factor

Di stribution Factor

» LDFAC Program

S/6 =

0. 547

(7.167/2)/6 = 0.597 (Mult

(Si ngl e Lane)

Assuned 8” poured in place conposite deck.

Di stribution Factor

Di stribution Factor

0.673

0. 542

(Multi Lanes)

(Si ngl e Lane)

6. 898

10. 733

Lanes)
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LDFAC Version 1.0 (Release Version)

Dbl_Tee

Geometry Data:

Bridge Type

Beam & Slab

Width of Curb [ft] 0.0000
Element Density 12
Number of Spans 1
Span Length(s) [ft]
59.5000
Skew Angles {degrees]
0.0000 0.0000
Live Load Generator Data
Truck Name
Multiple Presence Factor - 1 Truck
Multiple Presence Factor - 2 Trucks
Multiple Presence Factor - 3 Trucks
Multiple Presence Factor - 4 Trucks
Point-of-Interest Data
Type Span # Span Loc. [ft]
Shr 1 0.00
+Mom 1 30.00
-Mom 1 60.00
Beam and Slab Data:
Slab Thickness [in]
Young' Modulus [ksi]
Poisson's Ratio
Exterior Girder Area A [in~2]
Exterior Girder Moment I [in~4]
Exterior Girder Moment J [in~4]
Exterior Centroidal Offset [in]
Interior Girder Area A [1n"2]
Interior Girder Moment I [1n™4]
Interior Girder Moment J [in~4]
Interior Centroidal Offset [in]
Girder Modular Ratio n
Left Girder Overhang [in]
Right Girder Overhang [in]

Total Number of Girders

HS20TR
1.00
1.00
0.90
0.75

Rel. Span Loc.

0.00
0.50
1.00

8.0000
3823.0000
0.2000
507.50
90584.00
12345.00
16.2500
507.50
90584.00
12345.00
16.2500
7.0000
21.5000
21.5000
20
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Girder Spacing Values [in]

43.0000 43.0000 43.0000 43.0000 43.0000 43.0000
43.0000 43.0000 43.0000 43.0000 43.0000 43.0000
43.0000 43.0000 43.0000 43.0000 43.0000 43.0000
43.0000

LDFAC Version 1.0 - Release Version
Out-of-Limits Results for Formula Are Marked With an Asterisk *

1 - Span Straight Beam & Slab Bridge with HS20TR Load

Multi-Lane Load Distribution Results

Point-of-Interest Data Analysis Results Formula Results

No. Type Sp# Sp% Interior Exterior Interior Exterior
1 Shr 1 0 0.86074 0.86148 0.97668 0.76099
2 +Mom 1 50 0.67364 0.71775 0.88385 0.88385
3 -Mom 1 100 N/A N/A N/A N/A

LDFAC Version 1.0 - Release Version
Out-of-Limits Results for Formula Are Marked With an Asterisk *

1 - Span Straight Beam & Slab Bridge with HS20TR Load

Single-Lane Load Distribution Results

Point-of-Interest Data Analysis Results Formula Results

No. Type Sp# Sp% Interior Exterior Interior Exterior
1 Shr 1 0 0.76917 0.86148 0.83889 1.00000
2 +Mom 1 50 0.54238 0.68849 0.57662 1.00000

3 -Mom 1 100 N/A N/A N/A N/A
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From the bridge explorer, create a new bridge and enter the follow ng
i nformation.

1-5pan Concrete Double-Tee Prestrezsed Girder

US Customary [

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

NOTE: Since Virtis uses a comon/shared database; 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.



April 1, 2002 Section 9A Page 108 of 140

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).
Fill in the data for the beamconcrete material as shown below. Cick OKto
save this beamconcrete material to nmenory and cl ose the w ndow.

Bridge Materialz - Concrete M=l E3

PS 6.0 ksi fici= 4.5 ksi
E.000

4.500
0150
0150
45595.98
406E.84
0.200
Marmal
0583
1.000
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Using 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 Matenals - Reinforcing Steel |_ O] x|

[Grade 40 40 kzi reinforcing steel

40.000

23000.00
F0.000
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Bridge Materialz - P5 Strand M=l E3

Stresz relieved 142" /S even Wiredfpu = 270

Stress Relieved
270.000

29.500
2a8500.00
25.0000
30.0000
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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 nmenu (or right nouse click on | Beam and
select New). Fill in the data for the beam (Mdel ed as a Singl e-Tee beam.
Cick the Properties tab, then the compute button and then OK.

PS5 | Beam

Dbl tee modeled as & Single tee

43.0000

Cick OK to save the data to nenory 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 fill in the data for the Bridge Rail Type 3 (Note: Since the girder
is nodel ed as a single-Tee, use only 2the curb and rail load). dick OKto
save the data to nenory and cl ose the w ndow.

Bridge Appurtenances - Parapet

Eridge Fail Type 2
dze only 1/2 Curb and R ail load |

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

Factors - LFD

B85HTO Standard Specifications for Highway Bridges, 16th =]
Edition, 1996 including 1937 Intenim S pecifications
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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

Only 12 Girder lines can be analyzed by BRASS. Modeled using 6
dbl-tee unitz. Mote, live load DF to be entered manually.

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

&3 Bridge Workspace - L-26-BR |_ O] x|

[ Materials
[ Beam Shapes
[ Appurtenances
j Irmpact ¢ Dynamic Load Allowance
(L Factors
(L1 BRIDGE ALTERMATIVES
STRUCTURE DEFIMITIONS
Wit DHIT e Girders
------- j Irmpact ¢ Dynamic Load Allowance
------- 24 Load Case Description
------- A Framing Plan Detail
------- % Structure Typical Section
------- 24 Structure Loads
- [ Stress Limits
- [ Prestress Properties
- [ Shear Reinforcement Definitions
= [ MEMBERS
..... T Gl
; G2
G3[GE2)
G4 [G2)
GH[GZ)
GE
G7
GE
3
10
11
G12(G1)

B

-

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 Bri dge Wrkspace tree is shown bel ow

iz Bridge Workspace - L-26-BR _ |O

23 Materials
(L3 Beam Shapes
L3 &ppurtenances
j Impact / Dynamic Load Allowance
(23 Factors
(L1 BRIDGE ALTERMATIVES
- My Bridge Altermative #1 [E][C)
Bl [ STRUCTURES
Sl T Stucture 1
=ESEE S TRUCTURE ALTERMATIVES
- % Stucture Alternative #1 (E] [C)
(L3 STRUCTURE DEFIMITIONS
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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 Mon-composite (Stage 1)) v Do
Future Wearing Surface Mon-composite (Stage 1) D DC
disphragm load Mon-composite (Stage 1) DDC
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Doubl e click on Framing Plan Detail to describe the fram ng plan. Enter the
appropriate data to describe the franing plan.

Structure Framing Plan Details
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If the bridge has diaphragns,

Structure Framing Plan Details

switch to the Diaphragns tab and enter the
appropriate data. Click OK to save to nenory and cl ose the w ndow.
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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

The Deck(Cont’d) tab is used to enter information about the deck concrete and
t hi ckness. This structure does not have a concrete deck, so | eave the
information on this tab bl ank
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Par apet s:
Add two parapets as shown bel ow.

Structure Typical Section

0.00 |Right =]

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 conputation 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

144,000
Future ‘\wWearing Surface |_

ok | eey | Corca |
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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
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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.
Select the “PS 6.0 ksi” concrete material. Default values for the allowable
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

-

_——
—
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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.

Prestress Properties

b ASHTO Losees

142" [Pw/-270) SR |
BASHTO -
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Define the vertical shear reinforcenment by double clicking on Vertical (under

Shear Reinforcenent Definition in the tree).
shown. The | shape shown is for illustrative purposes only. dick OKto save

to nenory and cl ose the w ndow.

Shear Reinforcement Definition - Yertical

#3 Shear Reinf

Define the rei nforcement as
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The partially expanded Bridge Wrkspace tree i s shown bel ow

& Bridge Workspace - L-26-BR _ | O]

(221 Materials

(L7 Beam Shapes

[ Appurtenances

j Irmpact ¢ Dynamic Load Allowance
(L7 Factors

(L7 BRIDGE ALTERMATIVES

[ STRUCTURE DEFIMITIOMS

------- 2t | nad Caze Description
------- A Framing Flan Detail

------- % Structure Typical Section
------- < Structure Loads

E- 23 Stress Limits
H- [ Prestress Properties
H- 23 Shear Reinforcement D efinitions
= L1 MEMBERS
..... I &1
g- I G2
b gty Member Loads
e " Supports
----- L MEMEER ALTERMATIES
....... I G3[G2)
....... I G4[G2)
....... I G5[G2
- I GB
- I GY
- I GE
- I GY
- I G10
- I G11
....... I G12(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 time. The first
Menber Alternative that we create will automatically be assigned as the
Exi sting and Current Menber alternative for this nenber.

Member

Defining a Menber Alternative:

Doubl e click MEMBER ALTERNATIVES in the tree to create a new alternative. The
New Mermber 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 E

Frestreszed [Pretenzsion |_ PS Precast | |_

Click K to close the dialog and create a new nenber alternative.



April 1, 2002 Section 9A Page 130 of 140

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 M=l E3

PS5 Tee Girder

US Customary ]

BRASS ASD =
BRASS LFD =)
BRASS LRFD =

eneral 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 internediate di aphragm | ocated
at centerline of the girder is entered here.

Loads - Member

diaphragm load |

vl I

1 = 2ers]  ooof  oor| oo
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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

Foller |_
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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 wi ndow. At this point, Virtis/Opis does
not know i f we have spread or adjacent beans. W will select the beam shape
now i n the Beam Details wi ndow and then conme back to the Live Load
Distribution wi ndow Double click on Beam Details in the tree to describe the
beam details. Enter the followi ng beamdetails information.

Beam Details

BRI

Tee Girder =lrseoksi =lassHTo Losses =lve =l eoes| so000 5.0000
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Note that the Stress Limt Ranges are defined over the entire length of the
precast beam

Beam Details

A

| 1 ZfBeamstressiimts (v  om] s3]

Since we do not have a concrete deck for this structure definition, we do not
need to enter any information on the Slab Interface tab.

Click OK to save the Beam Details data to nenory and cl ose the w ndow.
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Now doubl e click on Live Load Distribution in the tree to enter the follow ng
live load distribution factors. Cick OK to save data to nenory and cl ose the
wi ndow.

Live Load Distribution

r | S | e | oeenen |

0.547

0.597

Not e: The AASHTO |ive |load distribution factor for concrete T-Grder used in
the anal ysi s.
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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

=

=

i
W
i

Since this structure does not have a cast in place deck, the Deck Profile and
the Haunch Profile information is not required.
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The Shear Rei nforcenent Ranges are entered as described bel ow

P5S Shear Reinforcement Ranges

| 2] e o] e | | e

|+ Elessnearreniz] T | 67| 57| 12000]

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

Member Alternative Description

IS [=] E3

PS Tee Girder

BRASS LFD |
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The results of the LFD/ ASD rating anal ysis are as foll ows:

Analysiz Results - PS Tee Girder

ﬁ Tffhhfﬁffﬁﬁ

Lane! A 1221} . 1(500)
Al | LFD

Analysis Results - PS Tee Girder

1168 1246 75 75 S0.0):BOTTOM FLANGE :BOTTOM FLAMNGE
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Structure #

COLORADO DEPARTMENT OF TRANSPORTATION L-26-BR
LOAD FACTOR RATING SUMMARY State highway # 50
Rated using Batch 1.D.

Asphalt thickness: 51 mm ( 2 in.)

Colorado legal loads Structure type CDTPG

Q Interstate legal loads

Parallel structure #

INTERIOR GIRDER

({ ral member
Structural membe DBL-TEE

Metric tons  (Tons)

Inventory 26.4 ( 29 )

Operating 46.4

Type 3 truck

Type 3-2 truck

N
| e | s | S | o~

(
(

Type 3S2 truck ( )
(

S | e | e | [N | N

Permit truck 78.2 ( 86 ) (

A~ |~ |l AN A~~~
e L R | R

Type 3S2 Truck

Colorado 24.5 metric tons (27 tons)

D Type 3 Truck
6 Interstate 21.8 metric tons (24 tons)

Interstate 34.5 metric tons (38 tons)
Colorado 38.6 metric tons (42.5 tons)

T’ype 32 Thuck
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Comments

Load Capacity: 51 Tons

Girder: Only Interior Girder Rated

Color Code: Orange

Project No: FC 050 - 5(16)

Rated by Date Checked by Date

Previous editions are obsolete and may not be used CDOT Form #1187a /95




