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BrDR Training

PS9 — Cut Strand for PS Beam Example

This example describes a design review of a prestressed concrete beam with temporary PS strands.

Topics Covered

o Definition of a strand layout with top strands that are debonded and cut at the center of the beam to
control stresses at release.

o LRFD design review of a prestressed concrete beam with the strand layout described above.

Definition of a strand layout with top strands that are debonded and cut at the center of the

beam to control stresses at release.

Open the bridge PCITrainingBridge3 (BID6) from the Bridge Explorer. A partially expanded Bridge Workspace

tree is shown below.

Workspace —-ox

Components
= ¢ PCITrainingBridge3
- [ Components
- B Diaphragm Definitions
- [ Lateral Bracing Definitions
Bl &) SUPERSTRUCTURE DEFINITIONS
B ﬁ Structure Definition #1
:,_1 Impact/Dynamic Load Allowance
% Load Case Description
- 2 Superstructure Loads
- @Concrete Stress Limits
- [ Prestress Properties
- [ Shear Reinfarcement Definitions
- [ MEMBERS
& I Typical Interior Member
g Member Loads
- " Supports
- &3 MEMBER ALTERMATIVES
=+ I Member Alternative #1 (9.9.3) (E) (C)
&I Default Materials
- =} Impact/Dynamic Load Allowance
« I8, Beam Details
- T Shrinkage Time
|lu'|.'|. Effective Supports
B [ Mild Steel Layout
B [ Strand Layout
- B Deck Profile
- = Haunch Profile
- 2 Shear Reinforcement Ranges
-~ = Bracing Ranges
« ik Live Load Distribution
[ [a Points of Interest
Bl &) BRIDGE ALTERMATIVES
B .l Bridge Alternative #1 (E) (C)
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Expand the tree under the Member Alternative #1 (9.9.3), expand Strand Layout and open the Span 1
window by double clicking on it. Use the ZOOM options on the right side of the window to shrink/expand
the schematic of the beam shape so that the entire beam is visible.

Strand Layout — Span 1

4 Strand Layout - Span 1 - O *
Description type B LRAQQe BE = 0w |v =
Pand CGS only (@ Strands in rows
Strand configuration type  Symmetry [ oy J
Straight/Debonded T XX —
N XX S
@ Harped xx
b4
Harped and straight debonded '
@ Mid span
Harp point locations
Left end
it ar Harp Distance Radius
=0 point (ft) (in)
» Left 48.50 0.0000
Right 48.50 0.0000
LEJ
.
LA ]
*e
sese -
AL XN Y
sesssesssene
(AR R R RN N R ]
0K | | Apply | | Cancel
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Adjust the strand pattern as follows to produce a strand pattern that results in very large top tensile stresses at

release.

&M Strand Layout - Span 1
Description type il hOQQe BY - 2 -

Pand CGS only (D) Strands in rows

ke v oy e SRR
Strand configuration type Symmety L - 2
© straighyDebonded -
T X o
Harped X
x
Harped and straight debonded
© wid span
X
X
x
X
X
x
X
x
Debonding
Left | Section location (in) | Measured and debonded from -

Section location (in) | Measured and debonded from

oK Apply Cancel

peasiion of ane strand and the harped pasison of ancther strand.

Click OK to apply the changes and close the window.
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LRFD Design review of a prestressed concrete beam with the strand layout described above

To run an LRFD design review, select the Analysis Settings button on the Analysis group of the DESIGN/RATE

ribbon. The window shown below opens.

o | Bridge Workspace - PClTrainingBridge3 ANALYSIS REPORTS ? - 0O X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING A
3 1= S
[ ] 8=
Analysis Analysis Engine
Settings Events Cutputs
Analysis Results

Click the Open Template button and select the HL 93 Design Review to be used in the analysis and click Open.

D Open Template *
Templates Description Analysis Owner Public / Private
» | HL 93 Design Review HL 93 Design Review LRFD Public
H5 20 LFR Rating H5 20 LFR Rating LFR FPublic
LRFR Design Load Rating LRFR Design Load Rating | LRFR Public
LRFR Legal Load Rating LRFR Legal Load Rating LRFR Public
T Y . N Sy N T - ,—-—- J_._.._..----.__..A..__._._p_f L

The Analysis Settings window will be populated as shown below.

M Analysis Settings = O X
o Design review Rating Design method: LRFD e
Analysis type: Line Girder e
Lane / Impact loading type: As Requested e Apply preference setting: Mone W
Vehicles Qutput Engine Description
Traffic direction: Both directions ~ Refresh Temporary vehicles Advanced
Vehicle selection Vehicle summary
~Vehicles -Design vehicles
EH-Vehicl 15-Design vehicl
EHStandard ~Design loads
g
- Alternate Military Loading LHL-93 (US)
=EM2 e Permit loads
- EV3 -Fatigue loads
- HL-93 (SI) L [RFD Fatigue Truck (US)
- HL-83 (US) Add to
-HS 20 (SI)
~HS 20-44 8
- LRFD Fatigue Truck (5I)
----- LRFD Fatigue Truck (US)
- Agency
-User defined
_____ Temporary Remove from
<<
am— » > ',-_- - - /‘-.’ e ‘j#.‘. P S , ,, i -~

Click OK to apply the settings and close the window.
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Run the LRFD design review on the Member Alternative #1 (9.9.3) by clicking on the Analyze button on the
Analysis group of the DESIGN/RATE ribbon.

i | Bridge Workspace - PCITrainingBridge3 ANALYSIS REPORTS 7 - 0 X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING A
- o 52—
o= [ |8z g
Analysis| Analyze Analysis Engine
Settings Events Qutputs
Analysis Resulis

Specification Check Detail
After the analysis, open the Specification Checks window by clicking on the Specification Check Detail button from
the Results group of the DESIGN/RATE ribbon.

-
|
O
x

E Bridge Workspace - PClTrainingBridge3 ANALYSIS REPORTS

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING A

g = E— G\G/ﬁ
& & £ > % H
Analysis Analyze Analysis | Tabular |Specification | Engine Results  Sawve

Settings Events | Results {Check Detail JOutputs Graph Results
Analysis Results

Go to Superstructure component, Stage 1, Member Alternative #1 (9.9.3), Span 1 - 12 ft.

4™ Specification Checks for Member Alternative #1 (9.9.3) - 8 of 552 — O *
Articles
@ ll,y All articles v
Properties Generate Format
Bullet list hd
Specification filter Report
4 | Superstructure Component Specification reference Limit State Flex. Sense Pass/Fail
b | Prestress Calculations 5.4.2.5 Poisson's Ratio MN/A General Comp.
4 |_JStage 1 54.2.6 Modulus of Rupture N/A General Comp.
4 || Member Alternative #1 (9.9.3) 54.2.8 Concrete Density Modification Factor N/A General Comp.
|ISpan 1-0.00 ft. 5.6.2.2 Rectangular Stress Distribution N/A General Comp.
|ISpan 1-082ft. X 59.23.1a Compressive Stresses N/A Failed
|4Span 1-1.58 ft. ¥ 5.9.23.1b Tensile Stresses N/A Failzd
|ISpan 1-333 ft. P5_Basic_Properties Calculation MN/& General Comp.

{Span 1-12.00 ft.
| 5pan 1 - 24.00 ft.
| 5pan 1 - 36.00 ft.
|2 Span 1 - 48.00 ft.
|21 Span 1 - 50.00 ft.
|24 Span 1 - 72.00 ft.
|=d Span 1 - 84.00 ft.
|1 Span 1 -96.00 ft.
|1 Span 1 -108.00 ft.
|1 Span 1-120.00 ft.

b | Stage 2

» | _fStage 3

Strand Stress Calculations /A General Comp.
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Open the 5.9.2.3.1b Tensile Stresses article. The tension in the top of the beam at release shows a design ratio of

0.445.

[l Spec Check Detail for 5.9.2.3.1b Tensile Stresses — O *
5 Concrete Structures A
5.9 Prestressing
5.%.2 5tress Limitetions
5.%9.2.3 Stress Limits for Concrete
5.%.2.3.1 For Temporary Stresses before Losses
5.8.2.3.1b Tensile Stresses
(RASHTO LEFD Bridge Design Specificationsa, Winth Editicn)

P53 I Wide - At Loceation = 12.0000 (ft) - Left Stage 1
Input:
frei = 5.50 (kai)
Section Properties: Gross
Lg = 787 {in~2) epg 30.268 (in)
St = 15421. {in~3) Sk = 14912.64 (in~3)
Pi = 1285 (kip)
lambda = 1.0
Service III Loads:
MOL1 = 517.73 (kip-ft)
Consider Mild Steel in Initisl Allowable Tensile Stress Limit = No
Summary
Initial Tension Stresses Due to Permanent Loads:
(Service III: PS + DL )
Initial alloweble Tension streas limit not entered.
Use cocmputed default walue = 0.0%48 * lambde * SQRT(f'ci) <= 0.2 ks3i
Initial allowable Tension stress limit = 0.20 (ksi)
Top Beam Bottom Beam
{k=ai) {kai)
PS: 0.853 -4.318
DL: -0.403 0
= 0.450 -3
= 0.200 0
DR = 0.445 99.000
| —
W
£ >
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Reopen the Strand Layout — Span 1 window. Add 2 strands to the top of the beam at midspan.

&M Strand Layout - Span 1 — m} X
Description type By k Q Q & E E — -
Pand CGS only (@ Strands in rows .
. . P
Strand configuration type /] Symmetry [ { o Y J
#®) Straight/Debonded T i —
N
Harped ok
¥ X
Harped and straight debonded \ "
b
® Mid span
b
A4
w
H K
X X
b
X
Debonding
b
Left Section location (in) | Measured and debonded from
New Modify Delete

| Section location (in) | Measured and debonded from |

New Modify

¥

Delete

OK || Apply || Cancel

Select the Left radio button, click New to open the following window. Debond the newly added top strands over a
length equal to % the beam length. The beam length is 120’ so debond 60’ with 30’ going to the left of midspan and
30’ to the right of midspan. When measuring from mid-span, the strand will be cut after release of the initial

prestressing.

& Mew Location *

Section location: | 360.0000 in

Measured and debonded from
End of beam

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

| OK | | Cancel

Click OK to close the window.
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Select the top 2 strands as being debonded and cut. These 2 strands will then appear as purple strands. Click OK to

close the window.

D Strand Layout - Span 1 = O X
Description type B k @l a & m %’ = || 100% hd =
P and CGS only (@ Strands in rows .
. . P
Strand configuration type 7 symmetry [ Ceon) J
®) Straight/Debonded T ' _
N
Harped ) f
Harped and straight debonded \ -
X
Mid span
s
X X
< X
" X
X ¥
b3
X
Debonding X
®
® |=ft | Section location (in) | Measured and debonded from |
b 360.0000 | Mid-Span
| New || Modiy || Delete |

m

=]

ht Section location (in) | Measured and debonded from |

360.0000 | Mid-5pan

CK | | Apply | | Cancel

T ——
T g postom of o ) o
S

strured sl harpeed gesiion of weihe kans

LR N Nolt N ¥ BN

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 removed 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. Reopen the details for article 5.9.2.3.1b Tensile Stresses
and see that the design ratio has improved. The top strands contribute to compression in this region and counteracts

the high tension in the top flange.

[l Spec Check Detail for 5.9.2.3.1b Tensile Stresses - O b4

te Structures ~
tressing

regs Limitations

Stress Limits for Concrete

.1 For Temporary Stresses before Losses

.1b Tensile Stresses

LEFD Bridge Design Specifications, Ninth Edition)

1]

H

=] Lo b Ly
of W m

P53 I Wide - At Locaticon = 12.0000 (ft) - Left Stage 1

Input:
f'ei

Section Pr
Ag

5t

Pi

lambda

(im)

epg &0
14%12.684 (in~3)

9 (in~3) Sb
7.21 (kip)

1.00

o mno
=

LN o
Wl
[4, ] %)
|

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

Consgsider Mild Steel in Initizl Allowable Tensile Stress Limit = No

Initial Tension Stresses Due to Permanent Loads:
Service III: PS5 + DL )

Initial &llowable Tension stress limit not entered.
Use computed default walue = 0.08%48 * lambda * SQRT(f'ci) <= 0.2 ksi

Initial allowable Tension stre3s limit = 0.20 (ksi)

Tocp Beam Bottom Beam
(ks1) {k3ai)
0.660 —-4.282
-0.403 0.417
= 0.257 —-3.865
= 0.200 0.200
DR = 0.778 899.000
—
W
L4 >
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