PGSuper™ Technical Note (TN003)

Girder Sag Warning

Introduction

The precast-prestressed girder bridge design, analysis, and load rating software, PGSuper™, performs many design
checks beyond a basic evaluation of stress and capacity for the LRFD Service and Strength limit states. One check
that has been causing engineers concern is the evaluation of the potential for a girder to end up with a net downward
deflection, or sag.

Specification Check Summary
The Specification Check was Successful

WARNING: Screed Camber is greater than the camber at time of deck casting. The girder may end up with a sag.

Figure 1 Girder Sag Warning

The purpose of this white paper is to provide information to help the design engineer interpret this design check.

General

When prestressing strands are placed near the bottom of precast girders, the prestress force imparted into the girder
is eccentric with respect to the center of gravity of the girder. When the prestressing effect is sufficient to overcome
the deflection due to the girder self weight a net upward deflection called camber results. Camber changes with time
(typically increasing) due to creep and shrinkage of the concrete and relaxation of the prestressing strand. A
downward deflection occurs when dead load, such as the weight of the wet deck concrete, is applied to the girder.
The amount of upward camber and downward dead load deflection must be estimated so that screed rails can be
adjusted to the correct elevation and the final position of the bridge deck can meet the desired profile grade.

The terminology used by the WSDOT Bridge Design Office and subsequently in the PGSuper™ software is:
D = Maximum net upward camber (typically at midspan) immediately prior to deck placement

C

Maximum downward deflection due to the weight of the wet deck concrete and superimposed dead loads
(typically at midspan)

When C is greater than D, the downward deflection exceeds the upward camber. The net deflection of the girder will
theoretically be downward. This condition is commonly referred to as sag.

PGSuper™ evaluates the potential for a girder to sag and issues an overt warning so that this condition is not
overlooked. Investigation of the sag condition, its consequences, and possible remedies should be evaluated by the
designer.



Deflection of Precast Girders

The deflection of a precast girder immediately prior to deck casting depends, in part, on the initial camber,
deformations due to creep and shrinkage of the girder concrete, relaxation of prestressing strands, and the elapsed
time between prestress release and deck placement.

The elapsed time between prestress release and deck placement isn’t precisely known during design. The WSDOT
Standard Specifications, 6-02.3(25)K, stipulates that the Contractor shall control the deflections of prestressed
concrete girders that are to receive a cast-in-place deck by scheduling girder fabrication between 40 and 120 days
before deck placement on the erected girders. That is, the girders should be anywhere between 40 and 120 days old
at the time of deck placement. The bridge design must accommodate the range of camber that can occur between 40
and 120 days.

In addition to accommodating a range of camber for uncertainty in the construction schedule, accommodations must
be made for natural camber variation. It is well known that two identical girders will have different initial camber and
camber growth over time. This natural variation is a result of many factors including tolerances of girder dimensions,
strand placement and prestressing force; variations in the composition of the concrete; curing conditions including
temperature and duration; and environmental conditions including ambient temperature and relative humidity.
Camber can vary as much as +25% from the mean value. To accommodate natural camber variation, upper bound,
average, and lower bound cambers are predicted. Lower bound cambers are taken to be 50% of the upper bound
values based upon empirical observations.

The range of camber at the time of deck placement can be anywhere between the lower bound camber at day 40 and
the upper bound camber at day 120. This range of camber is shown in the girder schedule to alert the Contractor of
expected girder haunch variations and deck concrete quantities.

The downward deflection of the girder due to the weight of the wet deck concrete and superimposed dead loads is
computed based on classical elastic analysis. The dead load of the wet deck includes the girder haunch. The haunch
fills the space between the top of the girder and the bottom of the deck. The shape of the haunch depends on girder
camber at the time of deck placement and the deck profile. Since camber varies from zero at the girder supports to D
at midspan, it is conservatively taken to be zero over the entire length of the girder when computing haunch weight.
The downward deflection is computed using the modulus of elasticity of the girder concrete based on its specified 28
day strength.

The screed rails for the deck finishing machine must be adjusted upward by an amount equal to the downward
deflection due to the wet deck and superimposed dead loads. The adjustment is called the screed camber and is
denoted by C at midspan.

A comparison of C to D is sufficient to determine if a girder has the potential to sag.

Determination of Sag Potential

The screed camber, C, is compared to the deflection at the time of deck placement, D, to determine if a girder has the
potential to sag. Theoretically, sag will occur when C is greater than D.

As explained above, there are several D values that capture the range of possible camber at the time of deck
placement. The screed camber is compared to the upper bound, average, and lower bound D values for deck
placement at 40 and 120 days.



Camber

Camber

{in}
Screed Camber, C 1.861
Lower bound camber at 40 days, 50% nfD4n 1.667

Average camber at 40 days, 75% ufl:il4EI 2501
Upper bound camber at 40 days, D4n 3334
Lower bound camber at 120 days, 50% UfD1gn 2027
Average camber at 120 days, 75% nfD1En 3.040

Upper bound camber at 120 days, D1zn 4 054

Screed Camber (C)is greater than the lower bound camber attime of deck casting (50% of
D4n}- The girder may end up with a sag if the deck is placed at day 40 and the actual camber

is alower bound value.

Figure 2 Comparison of Screed Camber and Camber

If C exceeds the lower bound camber at 40 days an informational message is reported by PGSuper™. It is extremely
rare that lower bound camber will occur for a girder that is erected and has the deck placed on day 40. Lower bound
camber is typically associated with extended curing of the girder concrete such as would occur over a holiday
weekend. Deck placement at 40 days is typically associated with rapid construction. Extended curing time and rapid
construction typically do not occur together. Nevertheless, the design engineer is alerted to this condition because it
is theoretically possible.

PGSuper™ will report a warning message if C exceeds the average camber at 40 days or if C exceeds the upper
bound, lower bound, or average camber at 120 days. The warning alerts the design engineer to the possibility that
the girder may sag.

The design engineer should evaluate the sag warning. In cases where sag potential exists for deck placement at 40
days it may not be a serious issue. In fact, the girder might not sag at all if the actual camber is greater than the
average value or if the deck is placed closer to day 120 than to day 40. On the other hand, if there is sag potential for
deck placement at 120 days there may be problems with the design.

It is known from many years of experience that sagging girders are not a wide spread problem. Designers should not
be overly alarmed when PGSuper™ reports a possible sag condition. The warning simply alerts the designer to the
possibility that a girder could sag under certain conditions. The true purpose of the warning is to get the designers
attention and encourage thoughtful consideration of the realistic sag potential, the consequences that may result and
whether design alterations are warranted.

Assumptions

The camber and deflection calculations performed by PGSuper™ are based on some conservative assumptions.
These assumptions are:

e Modulus of elasticity is based on the specified 28 day concrete strength. The actual modulus may be higher
resulting in less deflection then predicted.

e Composite section properties are based on the deck being placed directly on top of the girder. The haunch
is assumed to be non-existent. The actual position of the deck may be offset from the top of the girder. The



actual bending stiffness of the girder may then be greater than computed resulting in less deflection due to
superimposed dead loads than predicted.

The depth of the deck haunch varies along the length of the girder due to camber and deck profile. For
purposes of estimating dead load effects, the girder is assumed to be flat and depth of the haunch varies
only to accommodate the geometry of the roadway profile. The actual dead load of the haunch may be less
resulting in less deflection due to the wet deck than predicted.

Girder Sag Remedies
There is no one correct remedy for girder sag. Sag conditions must be evaluated on a case by case basis. Here are
some things to consider:

Why is PGSuper™ issuing the sag warning? What is the root cause of the warning?

Is the possibility of sag only for the rapid construction scenario (deck placement at 40 days) or might the
girder sag for the normal construction scenario (deck placement at 120 days)?

How likely is the rapid construction scenario for this bridge?

Sag doesn’t necessarily mean structurally deficient. How much sag can the bridge tolerate?

Can the girder structurally support the additional deck haunch dead load from sag? Since PGSuper™
calculates deck haunch dead load assuming the top of girder is flat; sag will add additional haunch dead
load that will be unaccounted for by PGSuper™. The additional dead load can be modeled with the User
Defined Load feature of the software.

Are there aesthetic concerns with sag? Will the sag be perceptible to the traveling public?

Will sag create drainage (ponding) issues?

Can the deck match the desired roadway profile if there is sag?

Is a reduction in vertical clearance due to sag a concern?

What other issues might arise if there is sag?

Here are some things to consider in situations where it is desirable to modify the design to reduce or eliminate the
sag potential:

Adding prestressing can increase camber. However, it will also increase tension in the top of the girder and
increase the concrete strength requirement at release.

Deeper girder sections, closer girder spacing, and/or shorter span length can reduce deflections.

Girders can be pre-cambered by cambering the girder formwork before placing girder concrete.

Features related to Sag Warning

PGSuper™ has several features that control the camber variability and the evaluation of sag potential. The settings
for these features are in the Project Criteria Library so that agency-specific default values can be established and
shared throughout the design office and with consultants.

The Creep and Camber tab has the camber variability setting. This setting establishes variability between the upper
and lower bound camber.



Project Criteria - WSDOT LRFD - US Ui ﬂm'

Description | Casting *fard I Lifting | Hauling | Bridge Site 1
Shear Capacity | Creep & Camber | Losses | Strand Stresses
General Creep and Camber Parameters

Time from stressing to prestress transfer 24 hr

Time from prestress transfer until temporary strand 10900 g0.00 day
removal // diaphragm casting

Time from prestress transfer until slab casting or 4000 1200 day
application of superimposed dead loads on
noncompasite girders

Variability between upper and lower bound camber 5 %

Total Creep Duration 2000.00 day

1 day of steam or radiant heat curing is equalto 7 days of nomal curing

Figure 3 Camber Variability Setting

The Limits and Warnings tab has settings to control when girder sag warnings are issued. The warnings can be
completely disabled. When enabled, the warnings can be based upon upper bound, average, or lower bound camber.

Project Criteria - WSDOT LRFD - US Ul ‘lm
Description I Casting “ard I Lifting | Hauling I Bridge Site 1 | Bridge Site 2 | Bridge Si
Shear Capacity I Creep & Camber | Losses I Strand Stresses | Limits and Wamings
Concrete Limits
Wamings will be posted to the Status Center if the following limits are exceeded.
Mormal Weight Lightweight
Slab fic 6.000 KSI 6.000 KSI
Girder fci 7.500 K5I 7.500 KSI
Girder f'c 10.000 KSI 9.000 KSI
Concrete Unit Weight 0.165 kip/ft™3 0.125 kipA™3
Max Agaregate Size 1.500 in 1.500| in

General Wamings

Wam if stirup zone lengths are incompatible with stimup spacings

Wam if there is a potential for girders to sag under dead load effects
Base sag detection an [Amageca’rba’ -

Figure 4 Sag Warning Options



Summary

The girder sag warning has been a source of confusion for design engineers. It is known from many years of
experience that sagging girders are not a wide spread problem. The purpose of the sag warning is to alert the
designer to the possibility of girder sag and to encourage thoughtful consideration of the realistic potential,
consequences and remedies for girder sag. Designers should not be overly alarmed when PGSuper™ reports a
possible sag condition.
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