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Material Properties

Beam Concrete: f'c = 7.0 ksi, f'ci = 5.5 ksi

Deck Concrete: f'c = 4.0 ksi

Prestressing Strand: 1/2" dia., 7 Wire strand, Fu = 270 ksi, Low Relaxation
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BrDR Training

PS12 - Three Span Prestressed | Beam Stirrup Design Example

From the Bridge Explorer open the bridge PCITrainingBridge6 (BID 9) by double clicking on BID 9 (or by
selecting BID 9 and clicking on the Open button from the BRIDGE ribbon or right click and select Open) as shown
below.

r al
E AASHTOWare Bridge Design and Rating ? — O 4

BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW

=y Open Ctrl+0
Sl=| & Import &é ) Ty 'ﬁ
g b [} Copy Ctrl+C
MNew | Open © Batch Find Copy Copy Delete
Tov B Delete
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- - [H Rating Results
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The partially expanded Bridge Workspace tree is shown below.

Workspace —ox

Bridge Compaonents
= M PCITrainingBridge6
i [ Companents
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
= &) SUPERSTRUCTURE DEFINITIONS
- b Structure Definition #1
= &) BRIDGE ALTERNATIVES
B s Bridge Alternative #1 (E) (C)
B 3 SUPERSTRUCTURES
Bl T Structure #1
= [ SUPERSTRUCTURE ALTERNATIVES
----- T Structure Alternative #1 (E) (C) (Structure Definition #1)
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Expand the SUPERSTRUCTURE DEFINITIONS tree, and then expand the Structure Definition #1. Expand
MEMBERS, G2, MEMBER ALTERNATIVES and finally expand Member Alternative #2 (9.9.6) (E)(C).

Workspace -8 x

@ Components
- ¢ PCITrainingBridge6
#- @ Companents
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
- (&) SUPERSTRUCTURE DEFINITIGNS
Arrf Structure Definition #1
Y Impact/Dynamic Load Allowance
i+ Load Case Description
F Framing Plan Detail
[ Eracing Deterioration
BSC Bracing Spec Check Selection
T Structure Typical Section
& Superstructure Loads
[ Conerete Stress Limits
[ Prestress Properties
[ Shear Reinforcement Definitions
() MEMBERS
i I Gl
3. I G2
l A Member Loads

G

- “f Supports
- [ MEMBER ALTERNATIVES
2 T Member Alternative #2 (9.9.6) (E) (C)
LT Default Materials
-~ Impact/Dynamic Load Allowance
B, Beam Details
{0 Shrinkage Time
- i Effective Supports
B [ Mild Steel Layout
B [ Strand Layout
- =1 Deck Profile
- B Haunch Profile
¥4 Shear Reinforcement Ranges
&t Live Load Distribution
& @ Points of Interest
¢ IG3
8 I G4
- @ BRIDGE ALTERNATIVES

PS Shear Reinforcement Ranges

Select the Shear Reinforcement Ranges node in the Bridge Workspace tree and click the Open button from the
Manage group of the WORKSPACE ribbon (or right click on the Shear Reinforcement Ranges node and select
Open from the drop-down menu).

e | Bridge Workspace - PClTrainingBridge6 ANALYSIS REPORTS ? - 0 X
LGRS Yo WORKSPACE | TOOLS  VIEW  DESIGN/RATE  REPORTING "
o He@B& (@ [ 1 10|
ey Chec Reve
alidate Save Close Export Refresh Open |New Copy Paste Duplicate Delete | Schematic
Eridge Manage
Workspace ® x || Schematic * %

Components

iember Alternative .9.0) (E) (L) -
o7 Default Materials
= Impact/Dynamic Load Allowance
B, Beam Details
- {B Shrinkage Time
- &t Effective Supports
B B Mild Steel Layout
B [ Strand Layout
- 1 Deck Profile
- =1 Haunch Profile
- £ Shear Reinforcement Rang

e P
Analysis

-~ kb Live Load Distribution = Open
B [ Paints of Interest o Copy
B I G3
Anal
= g nanEe
- [ BRIDGE ALTERNATIVES @ View Summary Report
@ View Detailed Report
P
{3} General Preferences
Ed Close Bridge Workspace
[x] g P
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Click on the Stirrup design tool button to open the Shear Stirrup Design Tool.

&M PS Shear Reinforcement Ranges - O X

Start Distance: pacing

M . o -
Vertical | Herizontal |

Span: | 1 | | Copy span to.. |
Extends Start . End
Name into distance et Sp:?(mg petoth distance
deck #) spaces (in) {ft) #)
b #5Shear Reinf. - 050 1 0.0000 0.00 0.50
#3 Shear Reinf,  ~ 050 131 10.0000| 10947 100.67

Stirrup wizard... ||| Stirrup design tool... ‘” View calcs | New | | Duplicate | | Delete |

| 0K || Apply || Cancel |

Enter the data in the Shear Stirrup Design Tool window and click on the Continue button as shown below.

D Shear Stirrup Design Tool X
IDistance to first stirrup: 3.0000 in ] Number of stirrup definitions
® . .
Maximum jump in spacing between ranges: in Use 1 stimup definition
Use 2 stirrup definitions
Override maximum allowable spacing: |:| in - o
Definition 1 minimum range length: ft

Design template: | HL 93 Design Review | | View...

— Stirrup entry method

Use existing stirrup definition | Bxtends into deck |

I @) Create new stirrup definition I

— Stirrup definition 1 — Stirrup definition 2
r— Existing stirrup definition — Existing stirrup definition
Vertical shear reinf def: #4 Shear Reinf. Veertical shear reinf def: #4 Shear Reinf.
f: MNew stirmup definition \ — New stirrup definition
Material: Grade 60 Material: Grade 60
Bar size: 4 Bar size: 3
MNumber of legs: 2,00 Mumber of legs:
Inclination (alpha): | 20.0 Degrees Inclination (alpha):  20.0 Degrees
\ /
e -
| Continue | | Cancel
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Using the design tool causes previously entered stirrup data to be deleted and replaced by newly computed stirrup

data.

Distance to first stirrup

This is the distance to the first stirrup from the end of the beam. Typically, this will be 2 to 4 inches. Entering a number
too high will provide a stirrup range that starts too far from the support. This will result in zero ratings and failed end
shear resistance. Not entering a value will incorrectly put the first stirrup at the end face of the beam. Enter 3 inches

for this example.

Maximum jump in spacing between ranges
This is the maximum jump in stirrup spacing that the module assumes from one range to the next. If this value is not

entered, the default value used is 24” (i.e., the maximum stirrup spacing).

The effect of leaving this field blank and using the default value of 24” permits a change in spacing from range to
range of any amount (since the maximum allowable spacing is 24”). This will provide the most efficient stirrup ranges.

Leave this value blank for this example.

Override maximum allowable spacing.
Enter a value for the desired maximum spacing of shear stirrups. If left blank, BrDR will use LRFD Atrticle 5.7.2.6 to
compute the maximum allowable spacing. For this example, this value will be left blank and allow the application to

calculate the maximum shear steel spacing.

Number of Stirrup Definitions
The user may set the design tool to use one or two stirrup definitions. Some beams may benefit by having more robust
steel sizes at the beam-ends where shear resistance is required and less robust steel sizes within the span where the

shear resistance is less necessary. This example will use 1 stirrup definition.

Definition 1 minimum range length

This range is the minimum distance from end of beam over which the Stirrup Definition 1 is to be used. This is disabled
when one stirrup definition is being used. The design of the bars is based on the stirrup area entered for each 1/10th
point location (and critical distance). When those values are passed into the design module that calculate the final
ranges, the shear areas for the design are based on the minimum range length and are then carried along as the ranges
are being developed. The range length is a minimum and the final range length computed by the stirrup module will

always be greater than or equal to this input. Since one stirrup definition is used, this need not be considered.
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Stirrup Entry Method
Choose to either use existing stirrup definition(s) or create new stirrup definition(s). The user can define stirrups in
the Bridge Workspace tree, or a new definition can be created using the design tool. For this example, use the design

tool to create a new definition.

Extends into deck
Check this box if the reinforcing bars extend into the concrete deck. In this example, stirrups will be extended into the
deck.

Stirrup Definition (1 or 2)
Under each of the Existing stirrup definition sections, select an existing Vertical Shear Reinforcement Definition

from the drop down menu. This is available when the Use existing stirrup definition button is selected.

New Stirrup Definition
When using the design tool to create a stirrup definition, this section will be available. The user will enter the material
and a bar size from the two drop-down lists. The number of legs is then entered. The inclination is always 90 degrees.

In this example, Grade 60 will be used as the Material and #4 Bar size that have 2 legs.

Click Continue to compute the required stirrup spacing at each tenth point and the critical dv point. The Ps Stirrup

Design Tool Progress window appears. Once the analysis is complete, click OK.

M Ps Stirrup Design Tool Progress *

LY. THCE AL § D L CTY IULLES IUAU LS 105 DUaET £ CULILIUOUS YT

Info: Finished generating PS creep forces load case for Stage 2 Continuous Model...

Starting FEA

Stage 1 Model Method: Span

FEA - Initiating finite element analysis...

FEA - Building model...

FEA - Creating nodes...

FEA - Creating elements...

FEA - Creating support constraints...

FEA - Adding load cases...

FEA - Verifying finite element model...

FEA - Preparing linear solution...

FEA - Performing linear solution...

FEA - Successful finite element analysis...

Stage 2 Model Method: Continuous

FEA - Initiating finite element analysis...

FEA - Building model...

FEA - Creating nodes...

FEA - Creating elements...

FEA - Creating support constraints...

FEA - Adding load cases...

FEA - Verifying finite element model...

FEA - Preparing linear solution...

FEA - Performing linear solution...

FEA - Successful finite element analysis...

FEA - Complete

Info: Performing Shear Design LRFD Specification Checks
Completed Shear Design Specification Checks.

Stirrup Design - Beginning Stirrup Design

Stirrup Design - Successful Stirrup Design

Info: PS stirrup design analysis suceessfully completed!

Analysis completed!

pint || oK
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The Stirrup Design Tool Results window will appear as shown below. This window has a table showing the
Required stirrup spacing at each analysis location throughout the beam for each span. The user can select the Span
from the drop-down list and see the results for each span. Using the results from the analysis the user can construct
the desired stirrup layout scheme by selecting the maximum number of ranges and the number of minimum stirrups
per range. In this example, default value of 3 ranges and at least 3 stirrups per range will be used. For each span, enter
the data as shown below and click on the Create ranges button and then click Apply. Once completed, close the
window by clicking on the Close button.

@ Stirrup Design Tool Results X
Vertical shear reinforcement definition 1 name: | Wizard Stirrup 1
Vertical shear reinforcement definition 2 name:
7
Span: | 1 v
Reqt ! g
|2
3 Ju ‘ Ve ‘ Vp ‘ smax ‘ sreq |
\. Iy I ip) (kip) (kip) (in) (in)
» 6.75 345.85 178.57 40.51 24.00 19.00 -
11.40 316.73 177.88 40.51 24.00 23.50
2230 25042 162.54 40.51 24.00 24.00
33.20 186.47 107.96 0.00 24.00 24.00
44.10 125.26 90.69 0.00 24.00 24.00 -
55.00 -124.73 88.78 0.00 24.00 24.00
65.90 -186.60 97.93 0.00 24.00 24.00
76.80 -248.37 156.79 0.00 24.00 24.00 i
87.70 -309.62 162.54 40.51 12.00 12.00
98 60 -3R9 96 17788 4051 1200 12.00 =
Generated ranges
Maximum number ranges per span: 3 v Minimum stirrups per range: 3 C
Extends Start Number | Spacing | Length _End
Name into deck distance of spaces in) ) distance
(ft) P (F)
Note: Existing vertical shear reinforcement ranges will
be deleted if you apply the results of this wizard. Apply | | Close
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Generated ranges

Maximum number ranges per span: 3 Minimum stirrups per range: R Create ranges
MName i:i:ec:::k diilt::ce ol'\{lL;mber Spa_cing Length disEtr;: e
(#) paces (in] (ft) #)
Wizard Sti.. 0.25 1 0 0 0.25 H
Wizard Sti.. ™ 0.25 19 6 9.5 9.75
Wizard Sti.. ™ 0.75 2 47 0.783333 10.533333
Wizard Sti.. ™ 10.533333 34 85 24083333 34.616666
Wizard Sti.. ™ 34.616667 2 143 2.383333 37
Wizard Sti.. ™ 37 18 24 36 73
Wirard St v m 73 2 141 PEEEEE] 753033122 v
Note: Existing vertical shear reinforcement ranges will
be deleted if you apply the results of this wizard. Apply Close

The results are displayed in the PS Shear Reinforcement Ranges window as shown below.

™ PS Shear Reinforcement Ranges — O

‘ Start Distance » .Sgacing'

Wertical Herizontal
Span: 1 ~ Copy span to...
Extends Start . End
Name into distance NL;m;:EE;Df SP;E;HQ Le?%th distance
deck i) ¥ (F)
Wizard Stirup 1 0.25 1 0 0 0.25
Wizard Stirup 1 0.25 19 6 95 075
Wizard Stirrup 1 e 9.75 2 47 0.783333 10.533333
Wizard Stirrup 1 s 10.533333 34 8.5 24083333 34.616666
» | Wizard Stirrup 1 ~ 34.616667 2 143 2.383333 37
Wizard Stirup 1 37 18 24 36 73
Wizard 5tirrup 1 e 73 2 143 2.383333 75.383333
Wizard Stirrup 1 e 75383333 34 85 24083333 90.466666
Wizard Stirrup 1 s 90466667 2 47 0.783333 100.25
Wizard Stirup 1 100.25 19 6 95 100.75
Stirrup wizard... Stirrup design tool.. View calcs New Duplicate Delete
OK Apply Cancel
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Schematic — Structure Typical Section

A schematic view of the member alternative can be viewed by selecting the member alternative Member Alternative
#2 (9.9.6) node in the Bridge Workspace tree and clicking on the Schematic button from the WORKSPACE ribbon

(or by right clicking on the Member Alternative #2 (9.9.6) node and selecting Schematic from the menu) as shown
below.

o | Bridge Workspace - PClTrainingBridge6 ANALYSIS REPORTS ? - 8 X

WORKSPACE | TOOLS  VIEW | DESIGN/RATE  REPORTING
4 Check Out : & Restore (08 3 Rt Ny
4ry Check In % Rev

ert
Validate Save Close Export Refresh Open New Copy Paste Duplicate Deletq | Schematic

ore

Bridge Manage

Workspace ® x || Schematic ® x | Report o

Components

= @ PClTrainingBridge

B m Components
= @ Diaphragm Definitions
- [ Lateral Bracing Definitions
= [ SUPERSTRUCTURE DEFINITIONS Q3 Expand Branch
e Structure Deﬁnmoh #1 Q Collapse Branch
j Impact/Dynamic Load Al
:‘.{- Load Case Description = Open
-+ &&F Framing Plan Detail [ Copy
ﬂ Bracing Deterioration m] Duplicate
-+ BSC Bracing Spec Check Selection
- Q Structure Typical Section #® Delete
| g Superstructure Loads Analyze
B Concrete Stress Limits @ Validate
- a Prestress Properties @ View Summary Report 2 x
. g i::;rBlEh;:fcmemem Definitions View Detailed Report
B Il E Schematic
= I G2 P# Export to PS Design Tool
l‘ #x Member Loads @ General Preferences
- "4 Supports - )
-+ 3 MEMBER ALTERNATIVES Close Bridge Workspace
8- I Member Alternative #2 (9.9.6) (E) (C)
Ia
B I G4

= 3 BRIDGE ALTERNATIVES
- M Bridge Alternative #1 (£) (O)

Schematic O x

PS Profile v X

B raQe @Y= B -

FCITrainingEridges

FCTrainingEridgeS(LRFD) - Structure Definition #1 - G2
1001212009

Beam Length: N0

Horz. Shear Reinf. Spacing

“ert. Shear Reinf. Spacing 19SPA@SPA@4TINE=0 38 34SPA@SE UZ=24-1"  2SPA@T-25N1G=24 5% 18 SPA@ 2-0r=350" 2SPA@T-251G=T4 58  MSPA@E1Z=4-1  2SPA@4IMOSPA@E=0G 1

i

Debonded Strands

Beam Gans & &
Bearing Offsats

o
Span Lengths 1007

Notes:
* Al beam langth dimensions are horiz.
* X denctes disphragm iocatians.
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Prestressed Concrete Control Options for BrDR - Consider splitting resistance
Double click on the member alternative Member Alternative #2 (9.9.6) in the Bridge Workspace tree to open the

Member Alternative Description window and navigate to the Control options tab as shown below.

& Member Alternative Description - O X

Member alternative: | Member Alternative #2 (9.9.6)

Description-1 Specs-w Factors-l Engine-l \mport-] Control options-\“

LRFD LRFR

W | LN UL SUP R L o

) Simplified procedure - Vi, Vew |:| Generate at support face & critical shear points

(24 Loss & stress calculations - .
| ] Generate at section change points
Generate at user-defined points
B Shear computation method
) Ignore

(® Use gross section properties

) Use transformed section properties
(=] Multi-span analysis

(® Continuous

—~ . R {_J) General procedure
(_) Continuous and simple

[ Consider splitting resistance article ]

|:| Consider deck reinf. development length

@ General procedure - Appendix B5

() simplified procedure

3 Distribution factor application method _ ) Simplified procedure - Vi, Vow
I3 Loss & stress calculations

() By axle -
a ®) Use gross section properties
(@) By POI .
A i loni Lsh thod (_) Use transformed section properties
low negative epsilon in general shear metho = )
g P g v L Multi-span analysis
LFR ‘ Continuous
[LJ Points of interest ~ :',;- Continuous and simple
Generate at tenth points except supports __|Ignore design & legal load shear
Generate at support points ] Ignore permit load shear
[ ] Generate at support face & critical shear points "] Consider legal load tensile concrete stress
[] Generate at section change points [ Consider splitting resistance article ]
Generate at user-defined points z‘ Ignore tensile rating in top of beam
|23 Shear computation method [ ] Consider deck reinf. development length

() Ignore [ ] Consider permit load tensile steel stress
se AASHTO 1979 interim code | Ignore long. reinf. in rating

‘@ Use current AASHTO 1 Distribution factor application method
(2 Distribution factor application method () By axle
@) By POI
v :| Allow negative epsilon in general shear method w

OK H Apply H Cancel

The user may select this option to consider the splitting resistance of the pretensioned anchorage zone as per LRFD
5.9.4.4.1. For this example, turn on the splitting resistance article in the control options for LRFD and run the LRFD

analysis as shown below. In the spec check, open the LRFD 5.9.4.4.1 article.
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LRFD Design Review

To perform an LRFD design review on the member alternative Member Alternative #2 (9.9.6), select the Analysis

Settings button on the Analysis group of the DESIGN/RATE ribbon to open the window shown below.

o | Bridge Workspace - PCITrainingBridge6 ANALYSIS REPORTS ? - 0 X
NGOl Ne M WORKSPACE ~ TOOLS  VIEW | DESIGN/RATE | REPORTING A
3% > [8=] | ) ~ I

= | =] (B 1B B X

Analysis [Analyze Analysis | Tabular Specification Engine Results Save
Settings Events | Results Check Detail Outputs Graph Results

Analysis Results

Select the Design Review button, LRFD as the Design method and HL-93 (US) vehicle in Design Loads as shown

below.

M Analysis Settings

®) Design review Rating Design method: LRFD ~

Analysis type: Line Girder v

Lane / Impact loading type: | As Requested v Apply preference setting: | None v

Veh\clesu‘ Outputw Engine'} Descnption'\|

Traffic direction: | Both directions e ‘ Refresh ‘ | Temporary vehicles | ‘ Advanced

Vehicle selection Vehicle summary

E-Vehicles B Design vehicles
[=-Standard -Design loads
-Alternate Military Loading L.HL-92 (us)
-EV2 ~Permit loads
EV3 Fatigue loads
HL-93 (1)
HL-93 (US) Add to
HS 20 ()
HS 20-44 -
LRFD Fatigue Truck (SI)
~-LRFD Fatigue Truck (US)
--Agency
--User defined
----- Temporary

Remove from

‘ Reset H Clear H Open template H Save template | OK || Apply H Cancel

Click OK to save the settings and close the window.
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Next click the Analyze button on the Analysis group of the DESIGN/RATE ribbon to perform the rating.

o | Bridge Workspace - PCITrainingBridge6 ANALYSIS REPORTS ? - 0O X
(NNl WORKSPACE  TOOLS  VIEW | DESIGN/RATE | REPORTING A
# (s
== |
Analysis| Analyze
Settings

Analysis Results

Specification Check Details
The specification checks can be viewed by selecting the Specification Check Detail button from the Results group
of the DESIGN/RATE ribbon.

o | Bridge Workspace - PCITrainingBridge6 ANALYSIS REPORTS ? - 0O X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING ~
1 =
A & |8
Analysis Analyze Analysis | Tabular |Specification | Engine Results Save
Settings Events | Results {Check Detail JOutputs Graph Results
Analysis Results

Expand the Stage 1 node in the Superstructure Component tree and select Span 1 — 0.00 ft. Double-click on the
article 5.9.4.4.1 Splitting Resistance to open the article details.

Specification filter Report

4 || Superstructure Component
b |_i Prestress Calculations
4 |_|Stage 1
4 | Member Alternative #2 (9.9.6)

‘Span 1-0.00 ft.
[ d5pan 1-11.00 ft.
|_dSpan 1-22.00 ft
[_I5pan 1-33.00 ft.
_15pan 1-44.00 ft.
[ Span 1-55.00 ft.
| Span 1-66.00 ft.
|_15pan 1-77.00 ft.
[—4Span 1-88.00 ft.
(=4 Span 1-99.00 ft.
|—JSpan 2-1.00 ft.
|- 45pan2 - 1.70 fi.

@ Specification Checks for Member Alternative #2 (9.9.6) - 9 of 1766 - O X
Articles
All articles L2
@2 P—‘
Properties Generate Format
Bullet list v

o) Specification reference
5.4.2.5 Poisson's Ratio
B 5.4.2.6 Modulus of Rupture
B 5.4.2.8 Concrete Density Modification Factor
B 5622 Rectangular Stress Distribution
+/ 5.9.2.3.1a Compressive Stresses
+" 5.9.2.3.1b Tensile Stresses
¢ 5.9.4.4.1 Splitting Resistance
=] PS_Basic_Properties Calculation
Strand Stress Calculations

Limit State

Flex. Sense
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Pass/Fail
General Comp.
General Comp.
General Comp.
General Comp.
Passed

Passed

Failed

General Comp.

General Comp.
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r Pretensioning

retensioned Anchorage Zones

plitting Resistance I
ridge Design Specifications, Ninth Edition)
P53 I Wide - At Location = 0.0000 (ft) - Right Stage 1
INFUT:

[*N
i

Prestressed beam type: PS Beam I Wi
shear reinfeorcing, Zs
prestressing strands, Zps
ing stress, £5

1 lcsses, E
Stress in strands at transfer, fpt

= 20 (ks1i)
= 24 (kip)
= 1237 (kip)
num resistance required, = 45 (kip)

gn ratio, DR
Status

As is the area of steel within the distance from h/4 from the end of beam. The area of steel in this zone needs to be
increased.

P, = 54.53 kips = f; * A;

Ag = 2.73 in?

h/4=72in/4=18in

We have 3 #4 stirrups within the distance of h/2 at 6 in spacing.

Ag =3 %0.20in? = 2 legs = 1.2 in?

As of each bar =2.73 in2/ 3 =0.91 in2 for 6 in spacing or use 3 #7 bars or As = 3.6 in2

As of each bar =2.73 in2/5 = 0.55 in2 for 4 in spacing or use 5 #5 bars or As = 3.1 in2

The #5 bars at 4 inches over 16 inches from the first stirrup will be used. The stirrups will be pushed 1 inch closer to

the end of the beam to ensure the stirrups fall within the h/4 distance.
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Navigate back to the Stirrup design tool in Shear Reinforcement Ranges window and enter the following data.

% Shear Stirrup Design Tool

Distance to first stirrup: 3.0000 in

Maximum jump in spacing between ranges:

i)

Override maximum allowable spacing:

Number of stirrup definitions

X

(® Use 1 stirrup definition
() Use 2 stirrup definitions

Definition 1 minimum range length:

Design template: | HL 93 Design Review

View...

— Stirrup entry method

() Use existing stirrup definition

Extends into deck

[ @ Create new stirrup deﬁnitionl

— Stirrup definition 1

— Existing stirrup definition

Vertical shear reinf def: #4 Shear Reinf.

— Stirrup definition 2

— Existing stirrup definition

Vertical shear reinf def: #4 Shear Reinf.

F New stirrup definition

Material: Grade 60

Bar size: 7

</ X]

Number of legs: 2.00

Inclination (alpha): 0.0 Degrees

— New stirrup definition
Material: Grade 60
Bar size: 3
Number of legs:

Inclination (alpha): 0.0 Degrees

Continue ‘ ‘ Cancel

Last Modified: 6/21/2024
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Set the Minimum number of stirrups per range to 5. Create ranges and Apply the ranges to all 3 spans.

& Stirrup Design Tool Results

Vertical shear reinforcement definition 1 name: | Wizard Stirrup 2

Vertical shear reinforcement definition 2 name:

Required stirrup spacing

‘ Location ‘ Vu ‘ Mc ‘ Vp ‘ smax ‘ sreq |
{ft) (kip) {kip) (kip) (in) (in)
» 6.75 345.85 17857 40.51 24.00 24.00 =
11.40 316.73 177.88 40.51 24.00 24.00
2230 25042 162.54 40.51 24.00 24.00
33.20 186.47 107.96 0.00 24.00 24.00
4410 125.26 90.69 0.00 24.00 24.00 -
55.00 -124.73 88.78 0.00 24.00 24.00
65.90 -186.60 97.93 0.00 24.00 24.00
76.80 -248.37 156.79 0.00 24.00 24.00 b
87.70 -309.62 162.54 40.51 12.00 12.00
EEAN -369 9A 177 88 A0 51 1200 12 00 =

Generated ranges

. - . . -~
Maximum number ranges per span: 3 v Minimum stirrups per range: 5 [ae Create ranges

Name | eS| o | Number | Spocng | Lengt |
ift) (ft)

Wizard Stirrup 2 - 0.25 1 0.0000 0.00 0.25 -
Wizard Stirrup 2 - 0.25 3 6.0000 1.50 1.75
Wizard Stirrup 2 - 175 2 45000 0.75 2.50 :
Wizard Stirrup 2 - 2.50 15 6.0000 7.50 10.00 1
Wizard Stirrup 2 - 10.00 2 7.2000 1.20 11.20
Wizard Stirrup 2 - 11.20 23 12.0000 23.00 34.20 |
Wizard Stirrup 2 - 34.20 2 16.8000 2.80 37.00
Wizard Stirrup 2 - 37.00 18 24.0000 36.00 73.00
\Wizard Girriin 2 - 72l 7200 2| 1mennn 280 75 20 o

Mote: Existing vertical shear reinforcement ranges will

be deleted if you apply the results of this wizard. Apply ‘ | Close
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Rerun the AASHTO LRFD analysis and check the specification article LRFD 5.9.4.4.1 at Span 1 — 0.0’ for Stage 1.

E Spec Check Detail for 5.9.4.4.1 Splitting Resistance — O X
5 Ceoncrete SBtructures
5.9 Prestressing
5.5.4 Details for Pretensioning
5.9.4.4 Pretensiconed REnchorage Zones
5.9.4.4.1 splitting Resistance
(RASHTO LRFD Bridge Design Specifications, Ninth Editicn)
P8 I Wide - At Location = 0.0000 (ft) - Right Stage 1
INFPUT:
Prestressed beam type: PS5 Beam I Wide
I Lrea of shear reinforcing, Az = 3.6000 (in"2]|
Area of prestressing strands, 2ps = ©.7320 (1in"*2)
Jacking stress, £5 = 202.5000 (ksi)
Initial losses, ES Loss = 18.7478 (ksi)
Stress in strands at transfer, fpt = 183.7522 (ksi)
h = 72.0000 (in)
SUMMARY :
Maximum stress allowed in reinforcing, fs = 20.0000 (ksi)
Total resistance available, Pru = fs * Rhs = 72.0000 (kip)
Force in strands at transfer, Fpt = fpt * Rps = 1237.0200 (kip)
Minimum resistance reguired, Br = .04 * Fpt = 495.4808 (kip)
Design ratio, DR 1.455
Status

Last Modified: 6/21/2024 17
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Tensile rating in the top of the beam

This section compares LRFR rating results when tensile rating in the top of the beam is considered vs ignored.

Consider tensile rating in the top of the beam.

Member Alternative Description — Control options
Double click on the member alternative Member Alternative #2 (9.9.6) in the Bridge Workspace tree to open the
Member Alternative Description window and navigate to the Control options tab as shown below. Uncheck the

Ignore tensile rating in top of beam checkbox under LRFR.

M Member Alternative Description - [m] X

Member alternative: | Member Alternative #2 (9.9.6)
Description | Specs | Factors Engine | Import | Control options

LRFD LRFR

W) U e Suppu P

2 Points of interest -~ 7~

v/ Generate at tenth points except supports Generate at support face & critical shear points

- Generate at section change points
V| Generate at support points g€ P

V| Generate at user-defined points
&3 Shear computation method
Ignore

Generate at support face & critical shear points
Generate at section change points

V| Generate at user-defined points 5
& General procedure
53 Shear computation method
® General procedure - Appendix B5
Ignore
li
General procedure Simplified procedure
- = fi C 3 ,
@) General procedure - Appendix BS = Simplified procedure - Vi, Vow
& Loss & stress calculations
Simplified procedure
@) Use gross section properties
Simplified procedure - Vci, Vew
Use transformed section properties

LJ Loss & stress calculations v &
&3 Multi-span analysis
LFR @) Continuous
@ Points of interest 7 Continuous and simple
V| Generate at tenth points except supports Ignore design & legal load shear
V| Generate at support points Ignore permit load shear
Generate at support face & critical shear points Consider legal load tensile concrete stress
Generate at section change points Consider splitting resistance article
V| Generate at user-defined points I j Ignore tensile rating in top of beam ]
E3shear computation method Consider deck reinf. development length
Ignore Consider permit load tensile steel stress
Use AASHTO 1979 interim code V| Ignore long. reinf. in rating
@ Use current AASHTO &2 Distribution factor application method
£ pistribution factor application method By axle
By axie @ By POI
@) By POI v Allow negative epsilon in general shear method v

OK I ‘ Apply Cancel

Click OK to apply the data and close the window.
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LRFR Analysis
To perform an LRFR rating, select the Analysis Settings button on the Analysis group of the DESIGN/RATE ribbon

to open the window shown below.

ﬂ Bridge Workspace - PCITrainingBridge6 ANALYSIS REPORTS

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING A

—= - s [
= B ®

Events | Results Check Detail Qutputs Graph Results
Analysis Results

Select LRFR as the Rating method and HL-93 (US) vehicle in Inventory as shown below.

M Analysis Settings - ] E
Design review @ Rating Rating method LRFR v
Analysis type: Line Girder A
Lane / Impact loading type: A equeste Apply preference setting: | None v

Vehicles Qutput Engine Description

Traffic direction: | Both directions w Refresh Temporary vehicles Advanced
Vehicle selection Vehicle summary

= Vehicles 5 Rating vehicles
=i Standard = LRFR
EV2 = Design load rating
EV3 £ Inventory
H 15-44 L HL-93 (US)
H 20-44 Operating
HL-93 (Sl) Add to Fatigue
HL-93 (US) = Legal load rating
HS 15-44 L Routine
HS 20 (SI) Specialized hauling
HS 20-44 Permit load rating
Lane-Type Legal Load
LRFD Fatigue Truck (SI)
LRFD Fatigue Truck {(US)
NRL
~5U4
~SU5
~SU6
su7
Type 3
Type 3-3
Type 352
Agency
User defined
Temporary

Remove from

<<

[ Reset ‘ Clear Open template H Save template | OK Apply Cancel

Click OK to save the analysis settings and close the window.

Next click the Analyze button on the Analysis group of the DESIGN/RATE ribbon to perform the rating.

o | Bridge Workspace - PClTrainingBridge6 ANALYSIS REPORTS ? - B X
LA Nl  WORKSPACE  TOOLS ~ VIEW | DESIGN/RATE | REPORTING "
% (L
o= &
Analysis| Analyze
Settings
Analysis Results
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Specification Check Details

Once the analysis is complete, the specification checks can be viewed by selecting the Specification Check Detail
button from the Results group of the DESIGN/RATE ribbon.

u Bridge Workspace - PCITrainingBridge6 ANALYSIS REPORTS ? - 0 X%
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING ~
Y 2
A

Analysis Analyze Analysis | Tabular |Specification | Engine Results Save
Settings Events | Results {Check Detail JOutputs Graph Results

Analysis Results

Expand the Stage 3 node in the Superstructure Component tree and select Span 1 — 99.00 ft. Double-click on the
article 6A.4.2.1 Design Load Rating Prestress Service I11 Tensile Stress to open the article details.

E Spec Check Detail for 684.4.2.1 Design Load Rating Prestress Service |l Tensile Stress - O X
6h Load and Resistance Factor Rating -
EA.4 Load Rating Procedures
6A.4.2 General Lead-Bating Egquation
GA.4.2.1 Design Load Rating Prestress Jervice III Tensile Stress
(ARSHTO Manual for Bridge Evaluation, Third Edition with 2023 Interims)

PS5 I Wide - At Location = 9%9.0000 (ft) - Left Stage 3
Service III Inwventory Level Rating Factor Calculations
Input:
Ignore tengile rating in top of beam: HNo
Bot DC Stress = 0.7473 (k=3i)
Top DC Stress = -0.7601 {(kai)
Bot DW Stress = -0.1008 {ksi)
Top DW Streas = 0.0319 (kai)
Bot DW_WS Stress = 0.0000 (ksi)
Top DW_WS Stress = 0.0000 (ksi)
Compute Resgistance:
fR = abs(Compressive fpk) + ft allow
ft allow = 0.5027 (ksai)
fpb (Bot) = -2.8773 (ksi)
fpb (Top) = 0.0541 (ksi) Eff. prestress is tension therefore do not add it to the tensile resistance.
Load Factors
Load Limit Adj.
Load Comba State Loc 1L IL oc LW DW_W3 LL IR RF Capacity
(k31) (¥31) (k3i) (Ton)
DesignInv 1 SER-III Bot 0.23 -—- 1.00 1.00 1.00 0.80 3.38 530.57
DesignInv 1 SER-III Top 0.24 -—- 1.00 1.00 1.00 0.80 0.50 3564.00
DesignInv 2 SER-ITI Bot 0.26 -—= 1.00 1.00 .00 0.80 3.33 471.15
DesignInv 2 SER-III Top Q.20 -—= 1.00 1.00 00 0.80 0.50 3564.00
DesignInv 3 SER-III Bot Q.00 - 1.00 1.00 1.00 0.80 3.38 3564.00
DesignInv 3 SER-III Top 0.27 -—= 1.00 1.00 1.00 0.80 0.50 3564.00
Legend:
NA - Besistance and liwve load are of opposite 3ign 3o rating factor is not applicable.
v
OK
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Ignore tensile rating in the top of the beam.

Member Alternative Description — Control options
Double click on the member alternative Member Alternative #2 (9.9.6) in the Bridge Workspace tree to open the

Member Alternative Description window and navigate to the Control options tab as shown below. Check the

Ignore tensile rating in top of beam checkbox under LRFR.

M Member Alternative Description - (]
Member alternative: | Member Alternative #2 (9.9.6)
Description | Specs | Factors Engine | Import
LRFD LRFR
B3 roints of interest D A
/| Generate at tenth points except supports Generate at support face & critical shear points
h
) Generate at suppiort points Generate at section change points
Generate at support face & critical shear points = V] Generate at user-defined points
3 Shear computation method
Generate at section change points
: Ignore
V| Generate at user-defined points
General procedure
|2 Shear computation method
I ®) General procedure - Appendix BS
gnore
- Sim;
General procedure Simplified procedure
- mplifi s - Va, v
®) General procedure - Appendix BS - Simpiified procedure - Vci, Vew
2 Loss & stress calculations
Simplified procedure
@) Use gross section properties
Simplified procedure - Vdi, Vew
- Use transformed section properties
2 Loss & stress calculations P
23 Mutti-span analysis
LFR @) Continuous
B Points of interest Continuous and simple
/| Generate at tenth points except supports Ignore design & legal load shear
V| Generate at support points Ignore permit load shear
Generate at support face & critical shear points Consider legal load tensile concrete stress
Generate at section change points Consider splitting resistance article
v/| Generate at user-defined points [ [V Ignore tensile rating in top of beam ]
3 Shear computation method Consider deck reinf, development length
Ignore Consider permit load tensile steel stress
Use AASHTO 1979 interim code /| Ignore long. reinf. in rating
@) Use current AASHTO 2 pistribution factor application method
B Distribution factor application method By axle
By axle ®) By POI
@ By POI Allow negative epsilon in general shear method v
OK l ‘ Apply Cancel

Click OK to apply the data and close the window.

Last Modified: 6/21/2024
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LRFR Analysis
Re-run the LRFR analysis as described in the previous section and compare the same specification article 6A.4.2.1

Design Load Rating Prestress Service 11 Tensile Stress. at the same location. (See image below.)

E Spec Check Detail for 684.4.2.1 Design Load Rating Prestress Service |l Tensile Stress - O X

6h Load and Resistance Factor Rating

EA.4 Load Rating Procedures

6A.4.2 General Lead-Bating Egquation

6A.4.2.1 Design Load Rating Prestress Service III Tensile Stress
{AASHTO Manual for Bridge Evaluation, Third Edition with 2023 Interims)

PS5 I Wide - At Location = 9%9.0000 (ft) - Left Stage 3

Service III Inwventory Level Rating Factor Calculations
Input:

Ignore tensile rating in top of beam: Yes

Bot DC Stress = 0.7473 (k=3i)
Top DC Stress = -0.7601 {(kai)
Bot DW Stress = -0.1008 {ksi)
Top DW Streas = 0.0319 (kai)

Bot DW_WS Stress
Top DW_WS Stress

0.0000 (ksi)
0.0000 (ksi)

Compute Resgistance:
fR = abs(Compreasive fpk) + ft allow

ft allow = 0.5027 (ksi)
fpb (Bot) = -2.8773 (ksi)

Load Factors

Load Limit Rdj.
Load Combo State Loc 1L 1L oc oW OW_WsS LL fR RF Capacity
(kai) {kai) (leai) (Ton)
DesignInv 1 SER-III Bot 0.23 -—= 1.00 1.00 1.00 0.80 3.38 14,738 0.57
DesignInv 2 SER-III Bot 0.286 -—= 1.00 1.00 1.00 0.80 3.38 13.088 471.15
DesignInv 3 SER-III Bot 0.00 -—- 1.00 1.00 1.00 0.80 3.38 9%.000 3564.00
Legend:

NA - Besistance and liwve load are of opposite sign so rating factor is not applicable.

Lead Combination Legend:

Code Vehicle

OK
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Flowcharts for PS Stirrup Design Tool

Compute PS
Losses

4

Compute flexural resistance at supports to
compute dv distance from each support

4

At each dv point, at each 10" point, and the
location where the first stirrup definition ends,
compute effective stress in strands and Vp.Also
evaluate the following articles at these points.

V

v

(5.7.3.3-2)

No

Shear
Computation
Method?

—U—vpj >0.25f' bd,

E

Yes

v

A

v

Section not adequate,
issue message and end

rocedure

Last Modified: 6/21/2024
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Compute Vc Compute Vc Compute Vc
A
GotoDto
continue the
design
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A. General Procedure
to Compute Vc

s _g 138
® Ya, +0.63

(5.7.3.4.2-7)

12.0in <= s, <= 80.0in

Determine 3 and 6
Article 5.7.3.4

.

&

I:}I/IL‘+0.5Nu My V|- At

ps " po
\4

S

(5.7.3.4.2-4)
Where M >= (V- Vp)dy

EsAs +EpAL

use the “Yes” path.

The “Yes” is enforced by the
smax equation on page 11.
The Design Tool will always

Last Modified: 6/21/2024

s

b
A, = 00316 AVF 22
5

(5.7.2.5-1)

¢7Yes *i

p=

(5.7.3.4.2-1)

4.8

(1+750¢,)

4.8 51
ﬂ =

(L+750¢,) (39+s,.)
(5.7.3.4.2-2)

A

6 =29+ 3500¢,
(5.7.3.4.2-3)

A

V. = 0.0316 B2 |f’_b,d,

Compute Vc
Article 5.7.3.3

(5.7.3.3-3)
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B. Simplified Procedure
to Compute Vc

Determine 3 and 6

(57.3.3-3)

C. Simplified Vci, Vcw Procedure
to Compute Vc

B=2.0 Article 5.7.3.4
0 =45.0°
. ' Compute Vc
Ve = 0.0316 ﬁi,’f Dudy Article 5.7.3.3

Vg =0.02Foby,d, +Vy +YiMere 5 0 06 b, d,

|
Mmax

(5.8.3.4.3-1)

M
Mcre = Sc| fr +fepe — Sdncj
nc
(5.8.3.4.3-2)

4

Vew = (006" +0.30f,c )by dy +V,

(5.8.3.4.3-3)

4

Article 5.8.3.4.3

Ve = min(Vg, Vew) Compute Vc
Article 5.8.3.3
(Yes NOT
fpc
t6=1.0 cotd=10+3 —|<1.8
(5.8.3.4.3-4)
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D. Now that Vc is computed,
continue the design

|

Vsreq = Viu _Vp _Vc
3

;

v = ’Vu _¢vp‘
’ @Vdv

(5.8.2.9-1)

User input max

allowable spacing? Yes——»| smax = user input

No
. . Af A f
smax = min| 0.4d,,12.0in,———2X—— | leno Yes—» smax = min| 0.8d,,24.0in,———— Y
{ 0.0316,/f".b, ! 0.0316,/f'_b,
| |
y
f.d,cotd
sreq = min(s max,/-\va
Vsreq

ocation at the CL 0
simply supported
bearing?

Create ranges for
sreq

Yes

Evaluate Article 5.10.10.1
on next page
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P. =0.04(f

pbt * Aps)

(Article 5.10.10.1)

4

sreq = min[sreq from prev page,

PI'

(As)*(h/4)J

/1,

fs = service stress in the stirrup steel, limited to 20ksi
For | beams:

of beam.

For box beams with no voids or circular voids:

As is the total area of horizontal reinforcement within h/4 from the end of member where h =

leg of reinforcement.

For box beams:

overall width of beam. Opis will assume that each vertical leg of stirrup contributes 1 horizontal

As is the area of vertical or horizontal reinforcement within h/4 from the end of member where h

contributes 1 horizontal leg of reinforcement.
Pr is evaluated twice:

= min(overall height, overall width) of beam. Opis will assume that each vertical leg of stirrup

once for the Aps in the bottom flange and the horizontal As

and once for the Aps above the bottom flange and the vertical As
For U beams:

As is the area of vertical or horizontal reinforcement within h/4 from the end of member where h

contributes 1 horizontal leg of reinforcement.
Pr is evaluated twice:

= min(overall height, overall width) of beam. Opis will assume that 2 vertical legs of stirrup

once for the Aps in the bottom flange and the horizontal As

and once for the Aps above the bottom flange and the vertical As
For T beams:

As is the total area of vertical reinforcement within h/4 from the end of member where h = overall
height of beam.

fpbt = stress in prestress steel at transfer (= jacking stress without losses)

to transfer and development length

Aps = area of prestressing steel, does not take into account the reduced area at the CL bearing due

AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS

5150
C,L. Precast Trapezoidal
C,L.Web | Tub Girder
1
[ i
o) ' 0o 1 Temporary
Vol -
\c \ox‘ | Strands (TYP)
‘a0l !
ooy I
-]
‘o '50'1 Aps Vert: the area of PS strands
lg 0l pbove the bottom flange
1218
||°l°|w :
‘_o\ o |
[ Av i
[ i
[
[ !
| ‘ Wl I
‘I 1 ‘l |
[ 1
(I |
(L]
AR !
1} g 1
Lo | e — S ———————
Splitting “(fooococoooo iooouneoooou},ﬂ
Reinforcement \ 0000000000 ,000000000QQ |/
Required Both A T T T T T T
Horizontally !
And Vertically

[T
i

Figure €5.10.10.1-1—Precast Trapezoidal Tub Girder
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Article 5.10.10.1
for LRFD Design Review

Evaluate this article at each CL bearing
of the simply supported condition

f, = 20ksi

i

Rect box or U
beam?

A

r Pyt = 0.04( f 1, * A

psvert)

A

P
_ " rvert
P Asvertreq -

A%vertactuel >= Asvertr g

NO

Asamual - Asreq NO
Yes
Yes v
— *
Prhoriz - 004( fpbt Apshoriz)
Pass
A
— I:)rhoriz
Ashorizreq - f

S

NO

Last Modified: 6/21/2024 28



	BrDR Training
	PS12 - Three Span Prestressed I Beam Stirrup Design Example
	Schematic – Structure Typical Section
	Prestressed Concrete Control Options for BrDR - Consider splitting resistance

	LRFD Design Review
	Specification Check Details

	Tensile rating in the top of the beam
	Consider tensile rating in the top of the beam.
	Member Alternative Description – Control options
	LRFR Analysis
	Specification Check Details

	Ignore tensile rating in the top of the beam.
	Member Alternative Description – Control options
	LRFR Analysis


	Flowcharts for PS Stirrup Design Tool

