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Fundamentals of Camber in Prestressed Beams

What is it? e

The camber of a beam is the EEE
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

FIGURE 1.10 Methods of pretensioning. (a! Swnwuhmngmm b) Beam
‘with variable tendon eccentricity. (c)menn and casti i

Nilson, (1987
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Fundamentals of Camber in Prestressed Beams

Straight strands
are the preferred
profile in FL
standard Beams

TRANSPORTATION
FIGURE 9.4 Prestress deflections for various tendon profiles. SY M Po S I U M
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Fundamentals of Camber in Prestressed Beams
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Camber could be calculated as follows:

P = Prestressing force (after loss) \

e = Eccentricity of prestress force
L = Span length

E = Modulus of elasticity

I = Moment of inertia

5-w-L*

p— w = Uniform load due to self-weight
384-F

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

_/

> Bnet = Acamber — Ssw

TRANSPORTATION
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Fundamentals of Camber in Prestressed Beams

Instantaneous
or short-term

Elastic
Shortening*

Anchorage
Slip**

*Unless using transformed section properties 7
**Typically only considered for post-tension

6

Prestress
Losses

Time-Dependent
or long-term

Approximate
method

Refined
method

Strand

Afprr

Creep/Shrink./Relaxation Shrinkage

SDG4.3.1.C.7

Stress and camber caiculations for the design of simple span, pretensioned
components must be based upon the use of transformed section properties.

Relaxation
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Fundamentals of Camber in Prestressed Beams

Stress in
strands

I

Jacking

Anchorage .
i e , Relaxation and
seating loss

I‘ /" temperature losses
1 Creep, shrinkage

B
C Elastic shortening and relaxation Elastic gain
D m H ] due to live load
. . f G f—
Elastic gain Elastic gain L K
due to deck placement due to SIDL
| |
Strand Prestress Deck Superimposed Live load Time
tensioning transfer placement dead load

Figure 1. Stress versus time in the strands in a pretensioned concrete girder.

“HRP. TRANSPORTATION
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Fundamentals of Camber in Prestressed Beams

LRFD 5.9.3.4 — Refined Prestress Losses (pretension members)
Afpr = Afpes + Afprr LRFD 5.9.3.1-1

Elastic

Time step from
Deck Placement

Time step from

Release to Deck
to final

Placement

Afprr = (AfpsrtAfpcr + Afpri)ia + (Afpsp+Afpep + Afprz — Afpss)ar LRFD 5.9.3.4.1-1

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 und tained load while held at constant length. TRANSPORTATION
an( elaxation SS Of prestress 1n strands under sustained load while held at constant engt SYMPOSIUM
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LRFD 5.9.3.3 — Approximate Bfyir= W“ Yot +12 - Vn - Yse + Mo
Method of time dependent losses g
yp=17-001-H

5
v » N
SDG4:3:1.€:6 Vst =0+ o)
6. When calculating the Service Limit State capacity for pretensioned concrete flat

slabs and girders, use the transformed section properties as follows: at strand 5 ] : z
transfer; for calculation of prestress losses; for live load application. For precast, fi = prest.ressmg. steel stress immediately prior to
pretensioned, normal weight concrete members designed as simply supported transfer (ksi)

beams, use LRFD 5.9.3.3, Approximate Estimate of Time-Dependent Losses. Y = correction factor for relative lmmi(liry of the

For all other members use LRFD 5.9.3 4 with a 180-day differential between

ambient air
girder concrete casting and placement of the deck concrete

Y = correction factor for specified concrete
strength at time of prestress fransfer to the
concrete member

Commentary: The FDOT cannot practically control, nor require the Contractor to control,
the construction sequence and matenals for simple span precast, prestressed
beams. To benefit from the use of refined time-dependent analysis, iiterally every

prestressed beam design would have to be re-anaiyzed using the proper Afpr=  an estimate of relaxation loss taken as 2.4 ksi
construction times, temp L h ity, ial prop . etc. of both the beam for low relaxation strand and in accordance
and the yet-to-be-cast composite slab. with manufacturers recommendation for other
types of strand (ksi)
H = average annual ambient relative humidity
(percent) TRANSPORTATION
SYMPOSIUM

Fundamentals of Camber in Prestressed Beams

Beam | Difference e Refined APP"?X-
fotals
Prestress Losses Comparison i p df totals
FSB12x53 -1%
aeam |57 T o/Cfor [p/CTorser i w/ simplitied FSB15x53 ating Time-Dependent Logses (ksi) R p brancl
(ft) P Moment | PS+DL+0.8LL PS+DL+1.0) pCD | Af.pR2 | Af.pSS | Af.pSS WAI227| Total Total
FsB12x53| - 40 0.81 0.95 1.03 F5B18x33 24 1.56 0.08 0.02 2148 | 2116 -1%
FSB1SxS3| - 50 0.85 0.97 1.05 o 23 1.55 -0.05 -0.01 2217 | 2099 -5%
FSB18x53 - 60 0.89 0.97 1.06 T‘!rp e " i E 16 1.53 -0.02 -0.01 22.47 21.63 -4%
Typell 7 60 0.85 0.89 0.99 FIB3G £0¢ 54 1.43 -0.96 -0.28 23.66 | 2186 -8%
FIB36 8 97 0.84 0.96 1.06 : .04 134 -0.98 -0.28 2413 | 2568 2
FIB4S 8 117 0.33 0.95 1.04 FIBAS .00 131 | -0.89 -0.26 2457 | 26.99
FIBS4 8 132 0.87 0.98 1.07 75 136 | -091 -0.26 2333 | 2588
FIB63 8 145 0.86 0.97 1.05 FIBES4 69 1.38 -0.91 -0.26 22.92 25.51
FIB72 8 163 0.85 0.97 1.04 63 1.36 -0.88 -0.26 23.09 26.30
FIB78 8 172 0.85 0.97 1.03 F I B 6‘3 59 1.37 -0.89 -0.26 22.91 26.25
FIB84 8 181 0.83 0.95 1.02 60 1.36 -0.88 -0.26 22.99 26.45
FIB96 8 198, 0.84 0.97 1.03 FIB72 48 1.38 -0.90 -0.26 237 | 26.09
FIBS6 12 178 0.81 0.95 1.02 74 1.30 -0.99 -0.29 2442 | 2658
FIB78
FIBE4
FIB3G TRANSPORTATION
SYMPOSIUM
FIB36
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Fundamentals of Camber in Prestressed Beams

Table 8.7.1-1
Suggested Multipliers to be Used as a Guide in
Esti Long-Term Cambers and Deflections for Typical Members

Without With
Composite | Composite
Topping Topping |
At erection:
(1) Deflection (|) component—apply to the elastic deflection 1.85 185
due to the member weight at transfer of prestress
(2) Camber () component—apply to the elastic camber due 1.80 180
to prestress at the time of transfer of prestress
Final:
(3) Deflection (|) component—apply to the elastic deflection 2.70 240
due to the member weight at transfer of prestress
(4) Camber (]) component—apply to the elastic camber due 2.45 2.20
to prestress at the time of transfer of prestress
(5) Deflection (|) component—apply to elastic deflection due 3.00 3.00
to superimposed dead load only
(6)  Deflection (]) component—apply fo elastic deflection - 230
caused by the composite topping

TRANSPORTATION
SYMPOSIUM
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Fundamentals of Camber in Prestressed Beams

FDOT{ ) FDOT LRFD Prestressed Beam Program v6.2

State Structures Design Office

® 2022 Florida Department of Transportation

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

\

\

\

A A+ Api + Ape C\ _A 14 Field Verification of Camber
t pe 2 t sw( t) Estimates for Prestressed Concrete

/ \ / Bridge Girders (Cook 2005)

Losses based on Creep Coefficient applied to
Approx. method both camber and self-weight
deflections gm’,‘,‘ggﬁﬂ‘mo"

12
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History of Camber Estimation in Florida

Simple Span Prestressed Beam Program updated and submitted to HEEP Area Il State’s cooperation effort

Florida Bulb-T Beams began to be introduced into Standards

Initial Fortran PSBeam software prepared by FDOT (originally obtained from Texas Highway Department)

L] L] L]
=g 2 & 7 & = 3 5 % B
1975 1980 1985 1990 1995 2000 2005 2010

AASHTO Beams introduced into FDOT Standards

1st Edition of AASHTO LRFD released

Beta version of the PSBeam prgram created in Mathcad

|
13

History of Camber Estimation in Florida

Update to PSBeam program - Prestress losses change from refined to approximate, and Camber equations reflect results from Ron Cook study

FDOT Report BD545-7 by Ron Cook published by SRC K td factor changes in LRFD thus changing creep coefficient value

it 4 » G G @ @ 2 ¢ % @ @

2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 201¢

PSBeam program updated to use transfol FIB 36 through FIB 78 released in the July interims of the 2010 Standard
FIB 84 & FIB 96 released in the Jan 2011 of the 2010 standards

Aggregate correction factor K1 changes from 0.9 to 1.0 with the new modulus of elasticity equation in LRFD

SYMPOSIUM
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History of Camber Estimation in Florida

mple FE

8 pbeam32 - [Graphic1]
ENTER INPUT FILENAME:

B camberdor FBT78typ.in X | outbd

File  Edit  View

| JENSEN BEACH CHECK 78" BULB-T BEAM
* TYPICAL SPAN 147.64°(45m) 145.85" SPAN CL BEARING TO CL BEARING
* 8.5"/8.0" SLAB 8 BEAMS AT 10.22° LL DIST FACTOR = 5/5.5 W/ S%LL

1934638001104 78 4841375928 7 & 1@ 6@ 3 4 3

26/10 1270 150 156 55008500 30 30 200 -3 D60 16 10
7101e1@e 8 4 7461

788864 32 [ B ombertor FErTEypn
71111111

File  Edit  View &

N5145051022 80@HS-201 164 0177 92131

- evwews LOW - RELAXATIOQN® s

| e vonn pesion ==

| TYPE OF BEAM - NS D.L. DEFLECTION AT MID-SPAN = 2.351 IN (SLAB) 2.000 IN (DIAF)

| NO. OF STRANDS - 49, D.L. DEFLECTION AT 1/4 PT. = 1.675 IN (SLAB) 2.000 IN (DIAF)

| SIZE OF STRANDS & PULL = 6/18 1IN AT 43950. L8
TYPE OF STRANDS - 29K ULTIMATE MOMENT REQUIRED = 14611. FT-KIPS

| ECCENTRICITY AT C.L. = BIOW ULTIMATE WOMENT PROVIDED = 18332, FT-KIPS UMDER RETWF. RECT. SECT.

| ECCENTRICITY AT SUP. - 230 1.2 TIMES CRACKING MOMENT - 11580. FT-KIPS

TP | ECCENTRICITY AT END - 2518
! Hu" MO. OF DEPRESSED STRANDS - 7 STIRRUP SPACING AT 43.94 INCHES
“rkaanii i DEPRESS TOP 1 STRANDS TO POSITION @ 74.61 IN FROM FACE OF SUPPORT = MO. 4 (GR. 60) AT 5.45 IN, (OHE BAR)
; CONCRETE RELEASE STRENGTH - 6899, PSI

CONCRETE 28-DAY STRENGTH = 8500, PSI TOP FIBER DESTGN STAESS (C.L.) = 3374, PSI |
HOLD DOWN FROM C. L. - 16.48 FT BOTTOM FIBER DESIGN STRESS (C.L.) = 4466. PSI
BEAM END TO CTR BEARING =  9.25 TN

SHIELD LENGTH FROM CTR BRG-  32.0@ FT SS LOSS = 24.19 PERCENT

RELEASE = 18,12 PERCENT

L0SS

MAX. END TENSION AT REL. = -999. PSI

MAX. CTR TEMSION AT REL. = -495. PSI AGE OF BEAM CONCRETE
NET CAMBER (PSTRES
BUILD-UP REQD (CAM

ASE 30 DAYS 60 DAYS 120 DAYS 248 DAYS
M) . 3.78 5.58 5.93 6.35

SLDF) . 4.00 ANSPORTATION
MPOSIUM

ELASTIC AND TII
SHORTENING E

15

THESDESIGN AND:ANALYSISIOF it £ release 30 days, 60 days, 120 days and 240 days is
SIMPLE SPAN PRESTRESSED CONCRETE BEAMS By deedion., the s xamber:af bogm agﬁrzp;md a5 % ! o y
COMPUTER PROGRAM USER'S MANUAL Prestress Fo :
‘max, = Cl,(AP '/AS) = CL(AB)‘__
Version 2.50 C, and C, are values at time “t" to account for the "aging" modulus of the beam concrete and the

creep effect of Florida concrete materials as related to time. By definition, the values are:

Table 1-2 Camber Constants C,, C;

Depressed Strand Design and Analysis

Prepared By
BL ey R BEAM AGE IN DAYS Cs (oA
Straight Strand Design and Analysis
Prepared By Release 1.35 1.22
R. E. Nichols, P.E. .
L. V. Hsia, P.E. 30 2.09 2.07
60 2.26 227
v 120 2.43 ) 2.47
L. Y. Hsia, P.E.
240 2.60 2.64

structures Design Office
Florida Department of Transportation

May 1994

™ TRANSPORTATION
SYMPOSIUM
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History of Camber Estimation in Florida

59544 Relaxation

Table 5.9.5.3-1 - Time-Dependent Losses in MPa 59542 Shrinkage

G S S — 5.9.5.4.4a General
For Wires and Strands with For Bars with 9 of prestress due to shrinkage may as
T ; L f - 1620, 1 1890 M et 1100 MP: The total relaxation at any time aher transfer shall be
'ype of Beam Section avel s = 1620, 1725 or 1680 MPa s 000 or 1100 MPa o or = Taken 55 the s ek fhe gl & Aficks
Rectangular Beams Upper Bound 200 + 28 PPR 130 + 41 PPR 5.95.4.4b and 59.54.4c.
and Solid Slabs Average 180 + 28 PPR Alyss = (117 - 1.03 H) (MPa) (5.9.5.4.21)
5.9.5.4.4b At Transfor
Box Girder Upper Bound 145 + 28 PPR 100 » for post-tensioned members:
Average 130 + 28 PPR ; i s ) In pretensioned members, the relaxation loss in
B = {93 - 0. a) .9.5.4.22 presiressing steel, initially stressed in excess of 0.50 .
|-Girder Average P 130 + 41 PPR . may be taken as: e
- 41|, re:
280[ 08 } ATRER » for stress-relleved strand:
H = the average annual ambient relative humidity (%)
Single T, Double T, Upper Bound s P
Hollow Core and m[ “] seeR - 59543 Creep Al = 0928001 Ny g5 (5.95.4.40-1)
Voided Siab L m[s.nfo.is e }-um 100
& Prestress loss due to creep may be taken as:
-4
pa— ’”[”‘ i ] neeR My = 1201, - 70814 = 0 (595431)  ® forlow-relaxation strand:
where:
A= 082400 By -c,ssJ!' (5954462)
A t o = concrete stress al center of gravity of 400 |4,
_.‘D‘DFOlea e prestressing steel at transfer (MPa)
&f.,, = change in concrete stress at center of gravity ek
of prestressing steel due lo permanent loads, -
except the load & e Bwo the t gﬁpv;?m-dhmysmmwmm

prestressing force is applied. Values of Af .,

should be calculated at the same section or )
sections for which f,,, is calculated (MPa). i "&‘gj“”“ i the Wonclonyat thwarxd o alysesing

f,, = specified yieid strength of prestressing steel

1SHEd. AASHTO/LRED)(1994) o
- —— Refined  THmbociom oM

17

Fundamentals of Camber in Prestressed Beams

How and when is it measured?
rGealed Vial
m.a:'.;s“:.'.,\ p—
Feadng ot P
ﬁ:::' ‘ | prestngsi
E-mivnb:«my:g«:
“"7 .
Pt ”\r,,_‘“i - e
T
Optical targets with theodolite e
(Cook-2005) Water.manometer: level
(Cook-2005)
S —
TRANSPORTATION
SYMPOSIUM
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Fundamentals of Camber in Prestressed Beams

String

- 8.3.2.1 Camber Measurement Procedure
Notched Rebar

The currently adopted camber measurement method is not consistent. The measurement
technique and the location on the PPCBs from which the measurements are taken vary. By
observing and taking independent camber measurements, this study concluded that the error in
camber arising from the measurement technique used by the precasters and contractors was
about 26%, on average. To eliminate the difference in camber values due to the measurement
technique, the researchers developed a simplified procedure that both precasters and contractors
can use to accurately measure the camber and minimize any error associated with the
measurement technique. The following are recommendations for the new camber measurement
procedure:

(Honavar2015) 20
Stringline agproach
(Rlzkalla 2011)
TRANSPORTATION
SYMPOSIUM
19
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Fundamentals of Camber in Prestressed Beams

Frequency of Camber Measurements (per FDOT Spec 450)

Measure
Measure at One last

Strand Release After 120 - SUEE 7 Days prior to measurement
& Days (if no identified shipping before

Monthly issues with shipping
beam)

“Keep the measurement records on file for review upon T
request by the Engineer SYMPOSIUM

20
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Fundamentals of Camber in Prestressed Beams

SBG

4.3.2 Beam Camber/Build-Up over Beams

A. Unless otherwise required as a design parameter, beam camber for computing the
build-up shown on the plans must be based on 120-day old beam concrete.

“Mudiﬁcatinn for Non-Conventional Projects:
Detete spG 4.32.4.

B. On the build-up detail, show the age of beam concrete used for camber calculations
as well as the value of camber due to prestressing minus the dead load deflection of
the beam.

C. Consider the effects of horizontal curvature with bridge deck cross slope when
determining the minimum buildup over the tip of the inside flange.

Commentary: In the past, the FDOT has expenienced significant deck construction
problems associated with excessive prestressed, pretensioned beam camber. The
use of straight strand beam designs, higher strength materiais permitting longer
spans, stage construction, long storage periods, improperly placed dunnage, and
construction delays are some of the factors that have contributed to camber growth.
Actual camber at the time of casting the deck equal to 2 to 3 times the initial camber
at release is not uncommon.

D. Design pretensioned beams so that the theoretical design camber at the end of
construction is positive (upward) after all non-composite and composite dead loads
are applied.

21

Inevitable Camber Variations

@—ﬁsum].b.cl'('l'k

\A4
| DO'WRONG HERE?

TRANSPORTATION
SYMPOSIUM

Coarse
Ageregate
Type

Moisture
Content

Jariables
affecting

W/C Ratio |
L Camber

and
Admixtures

Indirect
indicators of Ec

Influence through
the Modulus of
Elasticity (Ec)

Time at
Transfer

22

“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)

TRANSPORTATION
SYMPOSIUM

8/7/2025
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Inevitable Camber Variations

10,000 T
2000 AASHTO -LRFD, E, - 33.000W"5JE
8000
F 7000
=
W
z 6000
K
-E 5000
k] z
5 4000 :
3
i !
3000 .
x
- w, \15 £
e ACI 383, E, = (1265,F -1000)(%) 0.145 kip/ 23
" 0.9 (6th ed.) / 1.0 (7th ed.) LRFD Equation for Modulus of Elasticity (Ec)
1000 6th Ed. and previous 7th Ed. and after
x
o Class Canc. | fc(ksi) 33,000K,wt5 |fc’ 120,000K,w? fc**33 5
00 10 20 30 40 50 60 70 B0 90 100 110 120 130 140 150 16 increase
dn i ki 1 3 2840 3625 27.64
= n 3.4 3024 3778 24.96
Il (Bridge Deck) 45 3479 4145 19.14
m 5 3667 4291 17.03
v 5.5 3846 4428 15.15
IV (Drilled Shaft)| 4 3280 3987 21.55
v 6.5 4181 4679 1192
Vi 8.5 4781 5112 6.93
Vi 10 5186 5394 4.02

23

Inevitable Camber Variations

FRQ@]rStandard|Specifications

346-9.7 Structural Adequacy: The Engineer will evaluate the structural adequacy for
verified concrete that does not meet the minimum specified compressive strength of Table 346-3.
For structural adequacy, with standard molded and cured compressive strength Class VI (f'c = 8,500)
cylinders, the compressive strength of concrete is satisfactory provided that the two following
criteria are met:

1. The average compressive strength does not fall below the specified 8!500 —-0.10 - 8!500 = 7r650 PSl
minimum compressive strength by more than:
a. 500 psi if the specified mini pressive gth is equal

to or less than 5,000 psi.
b. 10% of the specified minimum compressive strength if the
specified minimum compressive strength is greater than 5,000 psi.
2. The average compressive strength with the previous two LOTs is equal

1o or ds the specified mini compressive strength. This condition only applies if there
are two or more previous LOTs to calculate the average.

The Engineer will consider the concrete for a given LOT as structurally adequate
and coring will not be allowed when a concrete compressive strength test result falls below the
specified minimum strength but has met the above conditions.

TRANSPORTATION
SYMPOSIUM

24
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Inevitable Camber Variations

als Manual

9.27 MIX DESIGNS

ED@Tr Materials, Manual

8271 General
C e d hall it th ts of ificatic
Socihan. 348 Pt may Tolow ACH 301 Sacion 5. ond AC1 21128 TABLE 1 - Overdesign requirements for establishing F'er
SAemELE e coTER e when data is not available at 28-day or 56-day whichever is applicable
When the Engineer determines that unsatisfactory results are obtained Maximum A“Uwable
during production, the mix design approval will be rescinded. Class of Fe (psi) Overdesign fer (psi) Com e
D te mix to provide a req h (Per) that Concrete g (psi) g Strel 4 th (psi
exceeds the specified minimum compressive strength (Fe) by the ngth (psi) |
overdesign value. | Seal 3,000 1,200 4,200 5,200
N Lt ovetin IPavement | 3000 | NOL | MO 5.200
Proceed as follows to select the overdesign value in concrete mixes: " 3 00 pe§|0|09d —%Ioed 00
(1) For a class of concrete, submit compressive strength field test data > 4 1, 4, 5,7
for the past 24 months and spanning no less than 45 calendar days, 1 Bndg_e Deck 4,500 1,200 5,700 6,750
to determine the standard deviation. The I'c is required to be within
1,000 psi, The strength test data represents either a group of at least 1] 000 1.200 ,200 6.750
gg conseculive lests o a stalistical average for two groups totaling V2 500 1,250 750 7.850
or more tests. Determine the overdesign as follow: IV Drilled Shaﬂ 2 DOO 1 00 200 B 200
: 2 i i
a. When fcis equal to or less than 5,000 psi V 6(500 1 .350 7'850 10‘050
Overdesign = 2.33 x Standard Deviation — 500 psi VI 5‘500 1‘550 10.050 T 1 .700
b. When Peis greaer than 5,000 psi, VI 10,000 1.700 11,700 13,000
Overdesign = 2.33 x Standard Deviation - 0.10xf'c
(2)  Use Table 1 at the concrete producer’s option, or when the concrete
producer has no records of field strength tests performed within the
past 24 months and spanning no less than 45 calendar days for a
ck of 1l ithin 1,000 of that ¢
ass of concrele within 1,000 psi of that £'c TRANSPORTATION
SYMPOSIUM
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Inevitable Camber Variations

Distribution of f ¢ results for Class VI (over the past 1 year)

600

Count: 2,365

Average: 10,570 psi

Std dev: 1,067 psi

Coefficient of Variation (COV): 10%
Min: 7,450 psi

Max: 14,250 psi

500

400

16 Samples below 8,500 psi
2 Samples below 7,650 psi

300

8,500 psi
200 11,700 psi
} ..I I .

Sample Counts

o

5 & S S5 & S S S S S S S S S S S & S S &
S & & £ & & S FHF S FHEFESH LSS S SFSS S
£ & & § &§ &§ &§ & & &§ 5 & £ 9 & & & & & §
W v 7 o' ) o a
o o° ) o o o o ud e 7 o oy i 2 o i R 2 b ~
& 7 S & 7 ¥ &5 I 5 & I8 s & $ S S & & 5
o A & & Q& o %] & > o) Q' g o S v o L) v te) T2}
Q ) & & & 2 & & S ] & ) o i & & ¥ Z 5 7
N N NI N ot Al N 2 N N ot N
f'c (psi)
26

26
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Inevitable Camber Variations

Example f‘C VS ACamber CaICU|atlon (IgnOI‘Ing |OSSGS) ACambeT = Pg—eEL’z P = Prestressing force (after loss) s
e = Eccentricity of prestress force ‘
L = Span length
E = Modulus of elas_licity i
, 1= Moment of inertia By Anet — ACamber — 6SW
6SW = % w = Uniform load due to self-weight
L= Span length
E = Modulus of elasticity
1= Moment of inertia /
s
[ ks Rl E (ks Rl Aconpe n) Jmall 5oy in) Rl A (in)
fel Acamber? 8.5 5,112 3.10 2.03 1.07
et Acamberd 12.70 5,837 2.72 1.78 0.94
42 725 0.38 0.25 0.13
TRANSPORTATION
SYMPOSIUM
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Inevitable Camber Variations

| Class VI
[
pea | | SHOR viRiEs [ oron vanies, | i BUILD-UP & DEFLECTION DATA TABLE T —
170 wIE FOR PRESTRESSED I-BEAMS
Locarion | REQUIRED THEORETICAL NET BEAM | NET BEAM [PEAD LOAD
BUILD-UP OVER G BEAM CAMBER CAMBER EFLECTION| o) 1 10
(PRESTRESS | (PRESTRESS || DURING CASE
oS o span |seam|AT _BEGIN| AT G | AT END||. pEAD LOAD | - DEAD LOAD [pPECK POUR pine
\ R e e no. | no. | SPAN SPAN SPAN OF BEAM) OF BEAM) |fo 120 DAYS .
2 DiMB | DIMC | DIMD || @ ReLEASE | @ 120 DAYS || DIM A
i 1 1 i 3 1% 3 BA 3% 4
i 1 2 B3 %" 1 5%" 4% 4
‘\ 1 3 % i i 5l %" 4
- 1 ] iy sl 1 sk 4
4T 96 BEAN ! 5 i 4% i 505 4
£X 450-086) (YR} 1 ﬁ T 7 7 oz 7
-3 5 SPACES [ B-9" = 439 -3
SECTION THROUGH BRIDGE
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Inevitable Camber Variations

Initial vs. 5 min. hang time camber
25
20
£ 15
g
= 1.0
G
(@]
s I i I
0.0
1 2 3 4 5 6
Beam
M Initial m after 5 min. hang ® Theoretical
TRANSPORTATION
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Inevitable Camber Variations

Ambient | e i Max dif. in Camber
Tempat

timeof; | Tiimest ! i CAMBER i measurements (in.)

4-18-245:30AM 4/18/2024 10:30AM i 4-18-243:30PM| 1.125

4-18-24 5:30AM 4/18/2024 10:30AM ! z -24 3 1.156

4-25-24 5:30AM 4-25-2411:00AM .. -25- 0.968

4-24-24 3:30PM ¢ af T74.7 25-2 8 9 i i -25- 0.843
5524 5:30AM i g 87 = 3 5% z P 0.625
5-3-245:30AM ¥ 5-3.2411:024M F 5-4-245:308M | g.625
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Inevitable Camber Variations

Camber vs. Age (bubble size scales with Temperature)
6.00 T
| Theoretical 120 Day Camber (prestress - DL) |
550 ® — |
o_© ®
e ,0 O o® -
® ® ®
X T - . 8
= ) ¢ - T 0% @ »
2 ® P . . ®Beam 1
E‘“JU . ,... @ Beam 2
o
» ® ., .0 : ® ' ‘ @
350
] ® P o° ®
3.00
250
1.00 10.00 100.00
P ATION
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Inevitable Camber Variations

Camber vs. Age (bubble size scales with Temperature)
6.00
| Theoretical 120 Day Camber (prestress - DL) |
Y =
5.50
5.00 .
® o 90 ®9 ®
450 » ® .
S ® <% ®
Eé i ' . . ° . L] . . . ®Beam 3
8 ‘ ' .. - . . . ® Beam 4
L]
aso ® ® = oe® -
] . ® : ® 5 ® @ . [ )
2,00 - «s 9 ®
™ L e 6
250
1.00 10.00 100.00
Days TATION
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Inevitable Camber Variations

Camber vs. Age (bubble size scales with Temperature)

6.00 "
| Theoretical 120 Day Camber (prestress -DL) |

\ —~

5.50

5.00

b
o
o

Fing
=}
=]

Camber (in.)

L
3.50 . '
I o

300

6.,% @ © e -
. . @ Beam B
8 ®
@
H
[ ]

250
1.00 10.00 100.00
Days TATION
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Managing & Mitigating: What Can Be Done
Today

450-072 Florida-1 72 Beam - Standard Details 20072

450-078 Florida-1 78 Beam - Standard Details 20078

450-084 Florida-1 84 Beam - Standard Details 20084

450-096 Florida-1 96 Beam - Standard Details 20096

450-120 AASHTO Type Il Beam 20120 SPI PGM

450-199 Prestressed |-Beams Build-Up and Deflection Data 20199 SPI

ASDé‘W Florida-U Beam - Typical Details and Notes 20210

454-2»1& Florida-U 48 Beam - Standard Details 20248

Plan Content Requirements
¥ . Complete the following "Build-Up and Deflection Data Table for AASHTO Type Il and
BEAM CAMBER AND BUILD-UP NOTES: Florida-l Beams" and include it on the superstructure detail sheets. See FDM 115 for
The build-up values given in the Data Table* are based on theoretical beam cambers. more information regarding use of Data Tables.
The Contractor shall monitor beam cambers for the purpese of predicting BUILD-UP & DEFLECTION DATA TABLE
camber values at the time of the deck pour. If the predicted cambers based FOR PRESTRESSED I-BEAMS
on field measurements differ more than +/- 1" from the theoretical "Net Beam tocarion | e o s | "wn | "eantin |oeretcr s
Camber @ 120 Days" shown in the Data Table*, obtain approval from the Engineer P R s 50 A o TS
to modify the build-up dimensions as required. When the measured beam cambers soan | Eat | Vopa | Soan | “Sean | o ceaen” | oF scamn |0 120 oavs| MO
create a conflict with the bottom mat of deck steel, notify the Engineer a minimum e | oG | OMD | gamerse | o120 0ars| piNA
of 21 days prior to casting.
Standard Spec 450-2.3
P - . . .
If the camber is outside the design camber shown in the
plans by plus or minus 1 inch, take appropriate actions to MOTES e waoos "
. »

accommodate the product in the structure. TRANSPORTATION

SYMPOSIUM
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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?

TRANSPORTATION
SYMPOSIUM
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Managing & Mitigating: What Can Be Done

Today

« 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.

———

| e

o T | 1] “

i
IM | EEiiEs

T TRANSPORTATION
MNDET SYMPOSIUM
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Managing & Mitigating: What Can Be Done

Today

 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'ct Acgmperd
* Ask the precaster for camber data on previous beams they’ve cast.

TRANSPORTATION
SYMPOSIUM
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Managing & Mitigating: What Can Be Done

Today

Reach out to your district structural materials engineer.
Staff Directory

District Materials Office Contacts

District Materials Engineers (DMRES)

Additional Information

Elorida Center for Pavement Excellence Contacts

Research Management Team

https://www.fdot.gov/materials/administration/resources/contacts/staffdirectory.shtm

I TRANSPORTATION
(https://tinyurl.com/muweb9em) SYMPOSIUM
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Managing & Mitigating: What Can Be Done

Today

ER@TrStandard|Specs;450:142
WA U A VU LA A ASAAS U U

Support prestressed products that are stacked by dunnage placed across the full
width of each bearing point and aligned vertically over lower supports. Move dunnage points in
accordance with 450-2.3 with the approval of the QC Manager. Do not use stored products as a
storage area for either shorter or longer products or heavy equipment.

Where feasible, base the selection of storage sites, storage conditions and
orientation upon consideration of minimizing the thermal and time-dependent creep and
shrinkage effects on the camber and/or sweep of the precast pretensioned products.

Continuous application of water during the initial 72 hour moist curing period
may be interrupted for a maximum of one hour to allow relocation of precast pr d
concrete elements within the manufacturing facility. Keep the moist burlap in place during
relocation of the element.

TRANSPORTATION
SYMPOSIUM

39

Managing & Mitigating: What Can Be Done,

Moving Forward

* What research can accomplish

Home / Structures / Structures Research Center

STRUCTURES DESIGN OFFICE

Contact Us

Ariana

Di; tic Investigation of e C. Christina
1001572020 2enesticinvestzation of Excessive Camber 1o FooT Summary
in Prestressed Siab Units Freeman
Rapalla
Field Verification of Camber Estimates for University of Ansley, BD545.7
4/30/200 k, Ron
3072005 pestvessed conceste Bridge Giraees COOKRON  orida Marcus TRANSPORTATION
Field Measurement and Evaluation of Time- Onyemelukwe, University of e SYMPOSIUM
2/24/1997 Dependent Losses in Prestressed Concrete % Issa, Moussa
Okey Central Florida
Bridges

40

20



8/7/2025

Managing & Mitigating: What Can Be Done,

Moving Forward

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.”

TRANSPORTATION
SYMPOSIUM
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Managing & Mitigating: What Can Be Done,

Moving Forward

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. TRANSPORTATION
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Managing & Mitigating: What Can Be Done,

Moving Forward

From Aimohammedi (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.”

TRANSPORTATION
SYMPOSIUM
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Managing & Mitigating: What Can Be Done,

Moving Forward

PRODUCT DATE oo
S DO | n . h O use Ca m be SIZE - C#ETDATE' JOB # ; SERIAL # - MAF\KH' EAST' NIIILE' WEST' DANEE':\ MEASURED - REDD? F\aqulred@ﬁodﬁ age rv::;
e e bt e anemnod Eana 5] A 35675 | s | 7ams | awvs B EETT T 55 8
c 5.500 EL]
5.5 113 0.55
SRL#| DESIGN MIX/REL./28 DAYS | LENGTH |POUR DATE|SAMPLE #| REL. DATE [REL. PSI[ 28 DAYS PSI_|SHIP PSI/DAYS| SHIP DATE |SPECIAL NOTES| _— 2
T T T 1 I I T T 1 -
03‘2034/8000-/10000 DATE DUE - 1. TYPE DATE DUE @) 1 1. TYPE
1-5 CAMBER| SWEEP DONE N CAMBER| SWEEP DONE 120 days |theoretical @ N CAMBER| SWEEP
1 120 1
i T T L.
= = - = = = = = = = = —
03-2084/8000/10000 4910 0.250 77| KB | 5220 0.250 123 5220 0.773333333] KB 1 5510 0250 |r—
14 5.020 0.375 77 KB 1 5.190 0.500 123 5.190 0.768888889] KB 1 5.380 0.500
2070 0.250 66| KB I 2220 0250 112 2211578947  0.90731444) KB 1 2180 0375
2.230 0.000 66 KB 1 2150 0.250 112 2137368421 0.8768659096] KB 1 2,080 0.375
b 1.3 03-2084/8000/10000 1.980 0.125 66| KB 1 2030 0.250 112 2.053157895 0.842321188) KB 1 2140 0.250
2.140 0.000 66} KB 1 2.090 0.125 112 2.094210526 KB 1 2110 0.000
2220 0.000 66| KB 1 2180 0.250 112 2 0. KB 1 2260 0.250
I TYPECAST FB 0840 0.500 61| KB 1 0.720 0.500 86 1004651163 1 KB 1
L S0 v 0.580 0.250 81 KB 1 0.5%0 0250 B6 0.823255814 1.317209302| KB 1
09/29118 96" FIB 0.600 0250 61 KB I 0.640 0.250 86 0. 1.291 KB 1
vazone | s fe 429 | 0750 s «ke | 4370 | 0750 77 681038961 1281955691 KB [
4370 0.625 52 KB 1 4510 0.500 77 7.028571429  1.32302521] KB 1
4.220 0.500 52| KB 1 4.480 0.500 7 1 KB I
4.880 0.500 68 KB 1
4460 0.375 68 KB 1
2370 0.375 99 KB I 2290 0.500 240 2 1. KB 1 2170 0.500
2.250 0.250 99} KB 1 2180 0.250 240 2.239574468 0.99536643] KB 1 2.090 0.250
2,090 0.500 99 KB 1 2,060 0.500 240 2 KB 1 2040 0.500
SYMPOSIUM
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Managing & Mitigating: What Can Be Done,
Moving Forward

References

» 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 (4 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!

ENGINEERING SPECIALIST IV - 55010087

Date: May 23, 2025

Join the Team!

The State’s total compensation package for employees features a highly competitive set of employee benefits including:

* Health insurance (over 90% employer * Generous vacation and sick leave
paid) * Career advancement opportunities

* $25.000 life insurance policy (100% * Tuition waiver for public college courses
employer paid) * Avariety of training cpportunities

® Dental, vision and supplemental * Employee Assistance Program (EAP)
insurances

State of Florida retirement package

10 paid holidays a year

For additional benefit information available to State of Florida employees, visit: hitps:/fwww.mybenefits. myflorida.com/

HIRING SALARY RANGE: $2,513.61 - $3,252.90/biweekly range

https://tinyurl.com/555¢fj64

TRANSPORTATION
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Safety Message

DRIVE
>

SAFELY

FOOT) ZERQY #fins

BUCKLE UP.
EVERY TRIP, EVERY TIME!

TRANSPORTATION
SYMPOSIUM
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Contact Us @)

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

ANY QUESTIONS?

SYMPOSIUM
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TRANSPORTATION

June 19 - 20, 2025 +<§>’TRANSPORTAT|0N
une .20 @;/ SYMPOSIUM
Hollywood, FL

Please be sure to certify your attendance before leaving this event
or no later than Monday, June 30, in order to receive PDH/CEC.
Detailed instructions are available on the Transportation Symposium website.

Website
[ m

Transportation Symposium
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