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Fundamentals of Camber in Prestressed Beams

What is it?

The camber of a beam is the 
upwards deflections of the beam 
resulting from the eccentric 
prestressing force (either 
pretension or post-tension).

Why is it important?

Accurate camber estimates 
ensure the deck and build-up are 
placed as designed and ensure 
the bridge profile is met.
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Fundamentals of Camber in Prestressed Beams
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Fundamentals of Camber in Prestressed Beams

Straight strands 
are the preferred 

profile in FL 
standard Beams

Nilson (1987)
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Camber could be calculated as follows:

Fundamentals of Camber in Prestressed Beams

Δ஼௔௠௕௘௥ =
௉ȉ௘ȉ௅మ

଼ȉாȉூ
P = Prestressing force (after loss)

e = Eccentricity of prestress force
L = Span length
E = Modulus of elasticity
I = Moment of inertia

𝛿ௌௐ =
ହȉ௪ȉ௅ర

ଷ଼ସȉா
w = Uniform load due to self-weight

L = Span length
E = Modulus of elasticity
I = Moment of inertia

Δ௡௘௧ =  Δ஼௔௠௕௘௥ − 𝛿ௌௐ
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Fundamentals of Camber in Prestressed Beams

Prestress 
Losses

Instantaneous 
or short-term

Time-Dependent 
or long-term

Elastic 
Shortening*

Anchorage 
Slip**

Creep Shrinkage

Strand 
Relaxation

*Unless using transformed section properties
**Typically only considered for post-tension

Prestress
Approximate 

method
Refined 
method

Δ𝑓௣௅்

Creep/Shrink./Relaxation

Beam Deck
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Fundamentals of Camber in Prestressed Beams
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LRFD 5.9.3.4 – Refined Prestress Losses (pretension members)

Fundamentals of Camber in Prestressed Beams

Δ𝑓௣௅் = (Δ𝑓௣ௌோ+Δ𝑓௣஼ோ + Δ𝑓௣ோଵ)௜ௗ + (Δ𝑓௣ௌ஽+Δ𝑓௣஼஽ + Δ𝑓௣ோଶ − Δ𝑓௣ௌௌ)ௗ௙ LRFD 5.9.3.4.1-1

Δ𝑓௣் = Δ𝑓௣ாௌ + Δ𝑓௣௅் LRFD 5.9.3.1-1

Elastic 
Shortening

Time-
Dependent

Shrinkage Creep Relax.
Shrinkage 

(deck)

Time step from 
Release to Deck 

Placement

Time step from 
Deck Placement 

to final

Shrinkage: Loss of prestress associated with the drying shrinkage of concrete, the reduction of strain in the prestressing steel is equal to 
the shrinkage strain of concrete.

Creep: Loss of prestress resulting from the gradual, time-dependent deformation of concrete under sustained stress.

Strand Relaxation: Loss of prestress in strands under sustained load while held at constant length.

Shrinkage Creep Relax.
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Fundamentals of Camber in Prestressed Beams

∆𝑓௣௅்=
10 ȉ 𝑓௣௜ ȉ 𝐴௣௦

𝐴௚
𝛾௛ ȉ 𝛾௦௧ +12 ȉ 𝛾௛ ȉ 𝛾௦௧ + ∆𝑓௣ோ

𝛾௛ = 1.7 − 0.01 ȉ 𝐻

𝛾௦௧ =
5

(1 + 𝑓`௖௜)

LRFD 5.9.3.3 – Approximate 
Method of time dependent losses
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Fundamentals of Camber in Prestressed Beams
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Fundamentals of Camber in Prestressed Beams

∆௧= ∆௣௘ +
∆௣௜ + ∆௣௘

2
𝐶௧ − ∆௦௪(1 + 𝐶௧)

Creep Coefficient applied to 
both camber and self-weight 
deflections

Subscript “t” is a time step 
e.g. from 0 days to 30 days

Field Verification of Camber 
Estimates for Prestressed Concrete 
Bridge Girders (Cook 2005)

Losses based on 
Approx. method
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History of Camber Estimation in Florida
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History of Camber Estimation in Florida
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History of Camber Estimation in Florida
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History of Camber Estimation in Florida

15

16



8/7/2025

9

17

History of Camber Estimation in Florida
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How and when is it measured?

Fundamentals of Camber in Prestressed Beams
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Fundamentals of Camber in Prestressed Beams
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Frequency of Camber Measurements (per FDOT Spec 450)

Fundamentals of Camber in Prestressed Beams

Measure at 
Strand Release

&
Monthly

After 120 
Days

Measure 
Quarterly 

(if no identified 
issues with 

beam)

7 Days prior to 
shipping

One last 
measurement 

before 
shipping

“Keep the measurement records on file for review upon 
request by the Engineer”
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Fundamentals of Camber in Prestressed Beams
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Variables 
affecting 
Camber

Coarse 
Aggregate 

Type

Porosity

Size/Shape 
of 

specimen

Time at 
TransferTemperature

Moisture 
Content

Stiffness 
of 

Concrete 
paste

W/C Ratio 
and 

Admixtures

Losses

Friction 
at ends 

of Beam

Inevitable Camber Variations

Influence through 
the Modulus of 
Elasticity (Ec)

f`c

Unit 
weight 
(wc)

Indirect 
indicators of Ec

“In early-age concrete, the strength of the cement 
paste is the primary contributor to the strength while 
the stiffness of the coarse aggregates is the primary 
contributor to the modulus of elasticity.”
NCHRP RPT 496 (2003)

21

22



8/7/2025

12

23

Inevitable Camber Variations
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Inevitable Camber Variations

Class VI (f’c = 8,500)

8,500 − 0.10 ȉ 8,500 = 7,650 𝑝𝑠𝑖
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Inevitable Camber Variations
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Inevitable Camber Variations
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Example f`c vs Δ஼௔௠௕௘௥ Calculation (ignoring losses)

Inevitable Camber Variations

f `c (ksi)

8.5

12.70

E (ksi)

5,112

5,837

Diff. 4.2

f`c↓ Δ஼௔௠௕௘௥↑

f`c↑ Δ஼௔௠௕௘௥↓

725

Δ஼௔௠௕௘௥ (in.)

3.10

2.72

0.38

𝛿ௌௐ (in.)

2.03

1.78

0.25

Δ௡௘௧ (in.)

1.07

0.94

0.13
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Inevitable Camber Variations

L = 200ft
Class VI

27

28



8/7/2025

15

29

Inevitable Camber Variations
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Inevitable Camber Variations
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Inevitable Camber Variations
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Inevitable Camber Variations
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Inevitable Camber Variations
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Managing & Mitigating: What Can Be Done 
Today

Standard Spec 450-2.3
“If the camber is outside the design camber shown in the 
plans by plus or minus 1 inch, take appropriate actions to 
accommodate the product in the structure.”
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Managing & Mitigating: What Can Be Done 
Today

• Camber too Low
• Per spec 450, if camber is less than 50% of predicted camber at release. Adjust 

dunnage inwards to induce camber. (Ask the precaster when did they measure 
the release camber, did they pick it up and set it back down? did they move it to 
storage before measuring?)

• (For Negative Camber Beams) Does the beam still meet stress limits? Will it still 
load rate? does it meet vertical clearance?

• Have the beam seats been cast already? Can they be raised?
• Can we adjust the roadway profile?

36

• Camber too High
• Have the beam seats been cast already? Can they be lowered?
• Is the beam interfering with the bottom mat of deck reinforcing?
• Build-up at the end spans maybe too large for beam shear stirrups to embed 

in deck, consider ‘hat’ bars to bridge the gap.

Managing & Mitigating: What Can Be Done 
Today
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• The time of day which the precaster could take camber 
measurements to eliminate effect of temperature/solar radiation.

• Ask for the Cylinder breaks for your beams, Remember f`c↑ Δ஼௔௠௕௘௥↓

• Ask the precaster for camber data on previous beams they’ve cast.

Managing & Mitigating: What Can Be Done 
Today

38

Managing & Mitigating: What Can Be Done 
Today

Reach out to your district structural materials engineer.

https://www.fdot.gov/materials/administration/resources/contacts/staffdirectory.shtm 
(https://tinyurl.com/muweb9em)
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Managing & Mitigating: What Can Be Done 
Today
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Managing & Mitigating: What Can Be Done, 
Moving Forward

• What research can accomplish
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From Tadros (2011)

“In design, allow for variability of camber by 50%.”

“Allowance in design should include flexibility in adjusting the horizontal shear 
reinforcement and the girder-seat elevations”

From Cook (2005)

“For the influence of the thermal gradient on camber, there was little difference 
between the empirically corrected camber measurements and the analytically 
corrected camber measurements in the majority of cases. Either method is 
suitable for the correction of camber due to thermal gradient effects.”

“Guidelines for storage of the girders with instruction of the amount of clearance 
necessary between the ground and bottom flange should be implemented in order 
to reduce the effect of differential shrinkage in the field.”

Managing & Mitigating: What Can Be Done, 
Moving Forward
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From Rizkalla (2011)

“Whenever practical, camber should be measured before dawn before the sun 
induces thermal gradients within the girders.”

“Girders should be stored with the supports as close to possible to their design 
bearing locations to minimize camber variability.”

From Almohammedi (2019)

“The contractor should update camber, deflection and the road longitudinal profile 
based on the measured concrete strength to decrease the discrepancy between 
the design and the actual cambers…”

“…More effectively, the fabricators can provide the contractor with the average 
camber values for the girders in the storage yard and update the road profile 
accordingly.”

Managing & Mitigating: What Can Be Done, 
Moving Forward
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From Almohammedi (2019)
“Girders should be cast based on a scheduled erection plan to minimize storage 
time and to reduce the effect of creep and shrinkage on camber prediction.”

“The initial camber and the elastic shortening losses should be measured after 
moving the girder to the storage yard to eliminate the effect of the friction from the 
prestressing bed on camber.”

Managing & Mitigating: What Can Be Done, 
Moving Forward

SDO In-house Camber Data Collection Effort
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Managing & Mitigating: What Can Be Done, 
Moving Forward
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Managing & Mitigating: What Can Be Done, 
Moving Forward
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• Design of Prestressed Concrete (Nilson 1987)

• Field Verification of Camber Estimates for Prestressed Concrete Bridge Girders (Cook 2005)

• Improving the Accuracy of Camber Predictions for Precast Pretensions Concrete Beams (Honarvar 2015)

• Prestress Losses in Pretensioned High-Strength Concrete Bridge Girders, NCHRP rpt 496 (Tadros, Al-Omaishi 2003)

• Predicting Camber, Deflection, and Prestress Losses in Prestressed Concrete Members (Rizkalla 2011)

• Precast, prestressed girder camber variability (Tadros 2011)

• Estimating Camber, Deflection, and Prestress Losses in Precast, Prestressed Bridge Girders (Almohammedi 2019)

• PCI Bridge Design Manual (4th Edition 2023)

• The Design and Analysis of Simple Span Prestressed Concrete Beams Computer Program User’s Manual (1994)

• AASHTO LRFD Bridge Design Specifications (1st Edition 1994)
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FDOT Structures Design Office is HIRING!

https://tinyurl.com/555efj64

Safety Message
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Contact Us
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Zach Behring, P.E.
850-414-4780
Zachary.Behring@dot.state.fl.us
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