AASHTOWare Bridge Design Training — Cut Strand for P/S Beam Example

AASHTOWare Bridge Design Training
Cut Strand for P/S Beam Example (BrD 6.7)

Topics Covered

e Definition of a strand layout with top strands that are debonded and cut at the center of
the beam to control stresses at release.
e LRFD design review of a prestressed concrete beam with the strand layout described

above.

This example describes design review of a prestressed concrete beam with temporary ps strands
using AASHTOWare BrD V670.

Open the bridge BID6 “PCITrainingBridge3” in the sample database. A partially expanded Bridge
Workspace is shown below.

e

iy Bridge Workspace - PCITrainingBridge3

==~

:—*.'J -

-

= 4D PClTrainingBridge3

(] Materials

- [ Beam Shapes
. (] Appurtenances

(L) Diaphragm Definitions
() Lateral Bracing Definitions

- =3 Impact/ Dynamic Load Allowance
. MPF LRFD Multiple Presence Factors

(] Factors
(L] LRFD Substructure Design Settings
EC Environmental Conditions
oF Design Parameters
() SUPERSTRUCTURE DEFINITIONS
. £ Structure Definition 21
j Impact / Dynamic Load Allowance
24 Load Case Description
<4 Superstructure Loads
(Z] Stress Limits
(L) Prestress Properties
(Z] Shear Reinforcement Definitions
() MEMBERS
= I Typical Interior Member
- or Member Loads
. "% Supports
= ([ MEMBER ALTERNATIVES

®-E-E

m

S @ Member Alternative #1 (9.9.3) (E) (C)

(L1 BRIDGE ALTERNATIVES

Last Modified: 7/28/2015

Cut Strand for P/S Beam - 1

AASHTOWare BrD 6.7



AASHTOWare Bridge Design Training — Cut Strand for P/S Beam Example

Expand the tree under the Member Alternative #1 (9.9.3), expand the tree under the Strand
Layout, and open the Span 1 window. Place the cursor in the schematic view on the right side of
the screen. The toolbar buttons in this window will become active. Select the Zoom button to
shrink the schematic of the beam shape so that the entire beam is visible.
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Adjust the strand pattern as follows to produce a strand pattern that results in too large top
tensile stresses at release.
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Open the Analysis Settings window and select the HL-93 Design Review template as shown below.
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Run the LRFD design review on the Member Alternative #1 (9.9.3). View the specification checks

by selecting the View Spec Check button, E, from the toolbar. Go to Superstructure
Component = Stage 1 2 Member Alternative #1 (9.9.3) > Span 1 — 12 ft.

o Specification Checks for Member Alternative #1 (9.9.3) - 7 of 593 5=
&= Superstructure Component Specification Reference Flex. Sense  Pass/Fail
® ;’ Prestress Calculations @ 5.4.2.5 Poisson's Ratio N/A General Comp.
& —’ Etagel . @ 5.4.2.6 Modulus of Rupture h N/A General Comp.
=4 gember ?ner;a;v;ﬂ (9.83) 5.7.2.2 Rectangular Stress Distribution N/A General Comp.

o x:: T omh % 5.9.4.1.1 Compression Stresses N/A Failed
£ Span1- 1581t x N/A Failed
1 Span1- 333t B PS_Basic_Properties Calculation N/A General Comp.
23 Span1- 12.00t. B Strand Stress Calculations N/A General Comp.
(2 Span1- 2400t
(2 Span1- 36.00ft.
() Span1- 43.00ft.
(3 Span1- 60.00ft.
£ Span1- 7200t
(0 Span 1- 84.00ft.
[ Span 1- 96.00 ft.
() Span 1- 108,00 ft.
(2 Span 1- 12000ft.

- () Stage 2

- Stage 3 < »
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Open the 5.9.4.1.2 article details. The tension in the top of the beam at release shows a design
ratio of 0.44:

Concrete Structures
9 Prestressing and Partial Prestressing
9.4 Stress Limits for Concrete
9. For Temporary Stresses Before Losses - Fully Prestressed Components
9. .2 Tension Stresses
(AASHTO LRFD Bridge Design Specifications, Seventh Edition - 2014, with 2015 Interim

PS I Wide - At Location = 12.0000 (ft) - Left Stage 1

Input:
frei - 5.50 (ksi)

Section Properties: Gross

Ag = 767.00 (in~2) 30.26 (in)
St = 15421.29 (in*3) 14912.64 (in~3)
Pi = 1295.58 (kip)

Service III Loads:
MDL1 = 517.73 (kip-ft)

Consider Mild Steel in Initial Allowable Tensile Stress Limit = No

Summary:

Initial Tension Stresses Due to Permanent Loads:
(Service III: PS + DL )

Initial allowable Tension stress limit not entered.
Use computed default value = 0.0948 * sqgrv(f'ci) <= 0.2 ksi

Initial allowable Tension stress limit = 0.20 (ks3i)

( Top Beam \ Bottom Beam

(ksi) (ksi)
0.85 -4.32
-0.40 0.42

-3.90
0.20

99.00
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Re-open the Strand Layout window. Add 2 strands to the top of the beam at midspan.
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Select the Left radio button, click New to open the following dialog. We are going to debond
these top strands over a length equal to % the beam length. The beam length is 120’ so we
debonding 60’ with 30’ going to the left of midspan and 30’ to the right of midspan.

New Location ﬂ
Section location: 360 in
Measured and Debonded From
() End of beam

(®) Mid-span: Cut strand after release of initial prestressing force

Caresi
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Click OK to close the dialog and then select the top 2 strands as being debonded and cut. These
2 strands will then appear as purple strands. Click OK to close the Strand Layout window.
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Adding these pretensioned top strands adds compression to the top of the beam at the ends of
the beam to counteract the high tension in the top of the beam. Debonding and cutting them at
midspan removes the compression in this region for the final construction stage.
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Re-run the HL-93 design review of this member alternative. Re-open the details for Article
5.9.4.1.2 and see that the design ratio has improved. The top strands contribute compression in
this region which counteracts the high tension in the top flange.

Spec Check Detail for 5.9.4.1.2 Tension Stresses

oncrete Structures ~
Prestressing and Partial Prestressing

4 Stress Limits for Concrete

4.1 For Temporary Stresses Before Losses - Fully Prestressed Components

4.1.2 Tension Stresases

(AASHTO LRFD Bridge Design Specifications, Seventh Edition - 2014, with 2015 Interim

5 C
5.9
5.9
5.9
5.9

PS I Wide - At Location = 12.0000 (ft) - Left Stage 1
Input:

f'ci = 5.50 (ksi)

Section Properties: Gross

Ag = 767.00 (in~2) epg = 27.60 (in)
St = 15421.29 (in~3) Sb = 14912.64 (in~3)
Bi = 1357.21 (kip)

Service III Loads:
MDL1 = 517.73 (kip-ft)

Consider Mild Steel in Initial Allowable Tensile Stress Limit = No

Summary:

Initial Tension Stresses Due to Permanent Loads:
(Service III: PS + DL )

Initial allowable Tension stress limit not entered.
Use computed default value = 0.0948 * sgrt(f'ci) <= 0.2 ksi

Initial allowable Tension stress limit = 0.20 (ksi)

{ Top Beam

Bottom Beam

(ksi) (ke2i)

PS: 0.66 -4.28
DL: -0.40 0.42
Sum = 0.26 -3.87
Allow = 0.20 0.20
DR = 0.78 99.00
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