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What caught my attention??:

If 1 use gross section properties or use transformed
section properties when calculating stresses | should
get close results if | “USE CORRECT THEORY”.

Estimated PS losses due to creep and shrinkage may be
less than what | have been accustomed to seeing for
high strength concrete.

How are my designs effected by:
Proper theory applied ?

Less losses ?

S/5.5 versus say S/6.5 ?

What is total effect?

Should I be using .8LL, Service 3 ??




Components of Prestress Losses

Stress in
strands
Jacking
lsb\er:t:ir:%r?gss Relaxation and
A temperature losses
B — Creep, shrinkage
C Elastic shortening and relaxation Elastic gain
D ] F H j dueto LL
L E G
Elastic gain Elastic gain I ! K
due to deck placement due to SIDL
Strand Prestress Deck SIDL LL Tim
tensioning transfer placement

Elastic Shortening Losses are NOT
required to be calculated when using

Transformed Section Properties




As =31in2

12in

- ° PS =200 ksi
Es = 29000 ksi
Ec = 4833 ksi
N =ES/Ec=6

Transformed Section Properties

As * PS / Agross — holes + n * As = conc stress

3*200/ (12 *12) —3 + (6 * 3) = 3.7736 ksi
That's it, finished ! NO ES calculated

Proof:

3.7736 / Ec 4833 = .0007808 conc strain

.0007808 * Es 29000 = 22.64 steel loss ksi

(200 — 22.64) *3 / (12 * 12) -3 = 3.7736 Ksi




Gross Section Properties

Since PS force after transfer is a function of ES one
estimates PS, say 180 ksi.

3*180/12* 12 =3.75 ksi

(n=6) * 3.75 = 22.5 ksi loss ?
200 -22.5=177.5 close to assumption of 180

So ES loss must be explicitly accounted for !!

This an Elastic Loss of Tension in the steel.

Correct Theory Must Be Used:

Stresses calculated using Gross Section
Properties WITH Elastic Gains / Losses

Gives comparable answer to:
Use of Transformed Properties WITHOUT

Elastic Gaines / Losses

Simple Example follows to demonstrate this.




12 x 12 Conc section with 3 sq inch

Gr 60 mild steel, 60 kip tension applied
Transformed
60/ (12*12) -3+ (6*3) = 3774 ksi tension

39psi
Gross
60/12*12 = 4167 Kksi tension
Elastic Gain in steel stress:
(n=6)(.4167) = 2.5 ksi tension
Loss of tension in concrete: _
(2.5)(3) /12 *12 = 0521 ksi comp ~ *3P¢
Annrax concrete stress (Grnss — RR4A ksi tensinn

AASHTO LRFD 2005 Formulas




Correction Factors

Concrete Strength, NEW!:

Time Development,
simplified:

Volume-to-Surface Ratio,
simplified:

Humidity, Creep:

simplified: Shrinkage:

Loading Age (Creep):

2005 LRFD Approximate

Long-Term Loss:




Example of Detailed Method Derivation:
Prestress Loss due to Creep of Girder caused by Deck
Weight & SIDL

Example calculations: loss due to girder
shrinkage between deck placement and final
time:

Transformed section coefficient (5.9.5.4.3-2)

C

A e
4 j (1+ 0.7y o (t; 1))

Gross versus net section properties? Net is exact,
gross is approx.




Shrinkage of Girder Concrete
Time of Deck Placement to Final Time
Epir = — KysKpK K 0.48x107°

ey = —(0.7480)(1.0200)(0.8333)(0.9980)(0.00048) = -0.00030 in/in

Afysp = & parEpKer = (~0.00005)(28500)(08634) = - 123 ksi

Beam age when | Bottom stress Difference
slab cast All loads

1 days 269 psi Ten

10 311 42 psi
30 327 16

70 339 12
110 346 7
150 350 4
190 354 4
360 363 9
500 368 5
10000 405 37
20000 509 104




Jensen Beam 145 ft, FBT78,Fc’ 8500

Bottom Fiber Stress Comparisons

Method Stress (psi)
2004 All loads (Gross) 876 (T)
2006 Refined all loads (Trans) 337 (T)
LT Losses 2004 670 (T)

LT Losses 2006 510 (T)

876 — Loss diff 160 — Gains 379 = 337

SR20/Apalach 110 ft, FBT72, Fc’ 6000

Bottom Fiber Stress Comparisons

Method Stress (psi)
2004 All loads (Gross) 450 (T)
2006 Refined all loads (Trans) 310 (T)
LT Losses 2004 355 (T)

LT Losses 2006 411 (T)

450 + loss diff 56 — Gains 196 = 310
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Compare steel stress losses due
to Creep + Shrink + Relax (KSI)

Jensen SR20
LRFD 04 30 24
LRFD 06 refined 21 26
LRFD Approx 06 22 27
FDOT Beam Prog 29 22
FDOT MathCad 30 24

Where did the difference in LTL
PS Losses come from (KSI) ?

Jensen SR20
LTL to deck place  -16.437 -19.634
LTL deck to final -4.299 -6.328

Total: 21 ksi 26 ksi
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Compression gains at bottom fiber by
using latest methods (psi):

Jensen SR20
Gross/Transform 379 196
From losses 160 -56
S/6.5vs S/5.5 200 (HL93) 130 (HS20)
Total 739 270

Note 20% of the HL93 load produces 297 psi at
Jensen.

At SR20 .8HL93 produces 169 psi more tension than
HS20+5%

With all these refinements known why
not eliminate service 3 now?

We have decided to keep Service 3, at least until
service calibration is completed.

Perhaps the .8LL should be .7LL or 1.1LL ?

12



THANK YOU

Excel Spreadsheet | used: Available on
www.structuresprograms.unomaha.edu
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