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Construction Timeline: Tension Strands
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P/S Steel Properties: Stress vs. Strain (Grade 270)

3Developed by Brian Swartz for the ABCD Susquehanna Technical Conference, 2013

fpy

fjack

fpu
270 ksi

0.9*fpu = 243 ksi



Strand

Construction Timeline: Anchorage Seating
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P/S Steel Properties: Relaxation

• Loss of stress in a stressed material held at constant length
• Recall: Creep = Change in length of a material under constant 

stress
• Most significant factors: fpi/fpy and time
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Source: Naaman (2004)



Prestress Loss: Anchor Seating and Relaxation
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P/S Steel: Stress Limits
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Source: AASHTO (2009)



Construction Timeline: Cast Concrete

• Steel: Tension                  Concrete: Zero Stress

• Steel–Concrete Bond = Strain Compatibility
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Construction Timeline: Transfer

• Steel shortens (towards zero‐stress point)
• Strain compatibility (bonded to concrete)
• Concrete shortens

– Shorter than zero‐stress length = compression
• Eccentric prestressing produces camber
• If beam cambers, it must carry its selfweight
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Prestress Loss: Elastic Shortening

fpy

Strain

Jackingfjack

fpu

Elastic Response of Conc. To Compression

fpbt Anc. Seating and Relaxation

Elastic Response of Conc. To Load

“Elastic Shortening Loss”
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Prestress Loss: Elastic Shortening

• AASHTO 5.9.5.2.3a‐1 (requires iteration)

• AASHTO C5.9.5.2.3a‐1 (no iteration)
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Concrete: Stress Limits (Transfer)
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Source: AASHTO (2009)



Concrete: Stress Limits (Transfer)
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Source: AASHTO (2009)



Calculating Concrete Stresses: Transfer

• Net Section Properties
– Calculate elastic shortening losses explicitly

• Gross Section Properties
– An approximation of net section properties
– Not exact, but (usually) most convenient
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Calculating Concrete Stresses: Transfer

• Transformed Section Properties
– Exactly equivalent to use of net section properties
– Elastic shortening is considered implicitly in the 
method
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Calculating Concrete Stresses: Transfer

• Example: Bottom Fiber Stress using Gross Section 
Properties
– change in bottom fiber stress due to transfer…
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Construction Timeline: Transfer  Final Time

• Current AASHTO Method uses two stages:
1. Transfer  Deck Placement
2. Deck Placement  Final Time

• Consider:
– Volumetric changes in concrete: shrinkage & 

creep
– Application of loads
– Implications of composite behavior
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Concrete Properties: Elastic Modulus

• AASHTO 5.4.2.4 (K1 added in 2005 – NCHRP Report 496)
'5.1

1000,33 ccc fwKE 
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Concrete Properties: Shrinkage

Moisture
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Concrete Properties: Shrinkage

• AASHTO 5.4.2.3.3 (new in 2005 for high‐strength concrete – NCHRP 
Report 496)

31048.0  xkkkk tdfhsssh
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NCHRP 496 Shrinkage Data
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Concrete Properties: Creep
L L 1
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Shrinkage Specimen

L

Creep Specimen

L 2
’

P

ε1 ε2
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Concrete Properties: Creep
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Concrete Properties: Creep

24Developed by Brian Swartz for the ABCD Susquehanna Technical Conference, 2013

A
pp

ly
 L

oa
d,

 t 1

St
ra
in

R
em

ov
e 

Lo
ad

, t
2

E
la

st
ic

E
la

st
ic

 
R

ec
ov

er
y

c

c
EL E

f
  

c

c
CR E

f
tt 1, 

 
c

c
CR E

ftt 2, 

Specimen 2

Specimen 1

Time

Shrinkage

Elastic

Creep

Creep Coefficient



Concrete Properties: Creep

• AASHTO 5.4.2.3.2   118.09.1,  itdfhcsi tkkkktt
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NCHRP 496 Creep Data
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Concrete Properties: Creep

c
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Prestress Loss: Girder Shrinkage (Before Deck)

• AASHTO 5.9.5.4.2a

 idbidpidpbidpSR KEKEf  
Concrete Shrinkage Strain

bid
b: “beam” (girder)
i: “initial” (end of curing)
d: “deck” (time after end of 
curing that deck is placed)

“Net” strain for (concrete + steel)
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Transformed Section Coefficient
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Age‐Adjusted Effective Modulus

St
re

ss
 C

ha
ng

e 
Δf

c

 i
c

effc tt
EE

,1, 
  i

c
AAEMc tt

EE
,1, 



7.0

30Developed by Brian Swartz for the ABCD Susquehanna Technical Conference, 2013



Prestress Loss: Girder Creep (Before Deck)

• AASHTO 5.9.5.4.2b
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Creep Strain
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Prestress Loss: Relaxation (Before Deck)

• AASHTO 5.9.5.4.2c

ksif pR 2.11 

…for low‐relaxation strands

For more detailed calculation procedure:

Magura, D.D., Sozen, M.A., and Siess, C.P. 1964. A Study of Stress Relaxation in 
Prestressing Reinforcement. PCI Journal. V.  9, No. 2: pp. 13‐57.
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Concrete Stresses: Losses (Before Deck)

• Change in bottom fiber stress due to losses before 
deck placement…
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Application of Deck Weight

• Concrete Tension or Prestress “Gain”  ??
– Both!

• Reinforced Concrete analogy:

– Tension in the steel does NOT “pre‐compress” the 
surrounding concrete
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Concrete Stress: Deck Weight
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Concrete Stress: Superimposed Dead Load
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Prestress Loss: Girder Shrinkage (After Deck)

• AASHTO 5.9.5.4.3a

 dfbdfpdfpbdfpSD KEKEf  
Concrete Shrinkage Strain

bdf
b: “beam” (girder)
d: “deck” (age of concrete 
at deck placement)
f: “final” (final time)

“Net” strain for (concrete + steel)
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Prestress Loss: Girder Creep (After Deck)

• AASHTO 5.9.5.4.3b
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Prestress Loss: Girder Creep (After Deck)

Time, t

fcgp, stress induced at transfer

ti

Time-Dependent Loss of Prestress
Deck Self-weight

Superimposed Dead Load
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Linetype Key:
Response due to stresses applied at transfer
Response due to time-dependent loss of prestress

Response due to application of superimposed dead load
Cumulative effect of prestress loss, deck self-weight, and 
superimposed dead load, idealized at time of deck placement, td

Response due to application of deck self-weight

Net Response (cumulative effect of fcgp and Δfcd)
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Prestress Loss: Relaxation (After Deck)

• AASHTO 5.9.5.4.3c

ksif pR 2.12 

…for low‐relaxation strands
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Concrete Stress: Losses (After Deck)

• Change in bottom fiber stress due to losses after 
deck placement…
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Shrinkage of Deck Concrete

• AASHTO 5.9.5.4.3d
– “The prestress gain due to shrinkage of deck composite 
section, ΔfpSS, shall be determined as”:
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Shrinkage of Deck Concrete
Deck

Girder

Pdeck Pdeck
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Age‐adjusted eff. modulus
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Concrete Stress: Shrinkage of Deck Concrete
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Concrete Stress: Live Load
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Concrete Stress: Total
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Concrete: Stress Limits (Service)
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Source: AASHTO (2009)



Concrete: Stress Limits (Service)
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Source: AASHTO (2009)



Construction Timeline: Summary
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Uncertainty in Loss Calculations

• Concrete Compressive Strength
• Material Property models:

– Elastic modulus, shrinkage, creep
• Initial jacking force
• Environmental conditions:

– Relative humidity
• Geometric tolerance (“as‐built”)
• Magnitude of Loads
• Construction Sequence (time of deck placement)
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Time of Deck Placement
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Post‐Tensioned Construction

• Friction
• Anchorage Seating
• Elastic Shortening
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Conclusion

• Calculation of prestress loss relies on basic 
mechanics, and assumptions about material behavior

• Concrete stress is really the bottom line; not 
prestress loss

• Losses cannot be known precisely (too many 
uncertainties)
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