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Executive Summary

MDOT has experienced under-camber prestressed concrete girders recently on several projects

that have led to; construction delays, increased construction costs, design and/or functional

modifications, and the need to address current practices to estimate beam camber.

A comprehensive literature search, survey of other State DOT current practices related to beam

camber, historic material and beam camber data provided by the Mississippi Concrete Girder

Manufacturers, broad range of camber data sets/calculations, conclusions, recommendations,

and implementation plan were the basis of the research study.

Improvements made consist of:

1)
2)
3)
4)
5)
6)
7)
8)
9)

Better understanding of beam camber

Material property versus strength expectation

Ride smoothness

Increased Industry awareness

Advancing MDOT'’s current practices

Enhancing MDOT’s database of historic material and beam camber information
Reducing design and/or functional modifications to MDOT projects

Minimizing added project and infrastructure costs

Reducing delays during construction



Background

The push for longer concrete girders has hastened because of reduced cost of construction,
reduced cost of maintenance and reduced environmental impacts. With the extensions in
length, estimation of the camber within the bridge beam becomes critical for ride, clearance,
and performance especially for Bulb T and Florida girders with high design compressive
strength.

MDOT's current practice is to use draped (harped) strands to reduce the accumulated pre-
stress force at the bottom of the beams near the ends. Other States use de-bonded straight
strands and other stress relieving methods to accomplish the pre-stress force reduction.
However, because draping the strands induces a countering pre-stress force in the top of the
beam in conjunction with very high compressive strengths, the final cambers are traditionally
very low and can be hard to predict. Methods used by other states have produced better final
camber values, but have developed cracking and/or end bursting.

The objective of this research study is to create a “best practices” guideline and policy in
predicting the camber for Bulb T and Florida girders with high design compressive strength
including review of MDOT and Mississippi Concrete Girder Manufacturer’s documentation to
compare design concrete strength verses actual concrete strength along with historical
measured camber data. The research study will also increase MDOT’s knowledge base related
to beam camber and include review of other State DOT practices related to beam camber.

Anticipated benefits carried within the “best practices or guidelines” will be; improved ride due
to better camber prediction, improved vertical clearance prediction, improved performance of
precast/prestressed concrete girders, improved material property versus strength expectation,
minimize differences between the estimated and actual cambers which can cause construction
delays and/or add costs to MDOT projects, and reduce design and/or functional modifications
to MDOT projects.

The Technical Advisory Committee (TAC) consisted of representatives from MDOT’s Bridge
Design Division, Materials Division, and Research Division.



Literature Search

An extensive literature review was conducted on twenty-six publications to capture a broad-
range of topics related to the research study. Various publications were reviewed to ascertain
what research has been previously performed related to beam camber and/or which literature
documents address beam camber and/or contained additional information related to the
research study. Items that influence beam camber noted in the various publications were
summarized. Not every item that influenced camber was investigated; rather the items that
were included in multiple literature documents were carried forward and included in the
research study.

The list of the publications reviewed and items related to the research topic along with items
that were noted to influence beam camber are included in Appendix B. The literature review
document in Appendix B-1 includes quotes from the list of publications along with highlighted
information that is of particular interest to the research topic.



Research Approach

The research study consisted of various tasks that addressed the research topic including close
collaboration and input by MDOT’s Bridge Design, Materials, and Research Divisions, and the
Technical Advisory Committee. A kick-off meeting was held at MDOT to discuss the research
plan, coordinate information that MDOT would provide throughout the research, and verify
contact information. Two Technical Advisory Committee (TAC) meetings took place on August
3, 2018 and November 13, 2018 to further discuss the research progress and go over research
findings summarized to date. Copies of the presentation given at the TAC meetings are
included in Appendix A.

A literature search was performed to collect all relevant publications and reviewed with MDOT
for applicability to the research project. The Precast/Prestressed Concrete Institute (PCl)
publications website along with other Industries and Academic Institutes were utilized for the
literature search.

MDOT’s current practices related to girder camber was reviewed and compared to other State
DOT practices. Historic material information related to beam camber and concrete
compressive strengths were collected from the Mississippi Concrete Girder Manufacturers that
included F-S Prestress, Gulf Coast Pre-Stress, and J.J. Ferguson Prestress-Precast.

The current AASHTO Bridge Design Specifications and the PCl Bridge Design Manual related to
the research topic was reviewed.

Various camber estimate calculations were developed for various concrete girder types and
span lengths to establish data sets for further analysis. Items that influenced beam camber that
were selected to be included in the research study were further evaluated to compare the
effect on estimating beam camber.

An interim report was submitted to MDOT and the TAC for review and comment with the final
report addressing the interim report review comments.



Research Findings and Applications

LITERATURE REVIEW
The literature review generated the following list of items that are related to the research topic

and/or were thought to influence beam camber:

strength gain > 28 days

material properties

camber prediction methods

camber variability

section properties

instrumentation & monitoring

high strength concrete using local materials (LADOTD)
temperature effects on camber

design procedures

measured camber

prestress losses

experimental program

AASHTO specifications

Sensitivity Study (TXDOT)

probabalistic comparison/effect of variability on prestress losses and camber & deflections
test data

transportation weight limits

factors that influence span capabilities (prestress losses, allowable tension, local producer
member capabilities f'c)

camber tolerances

debonded strands

anchor zone reinforcing

QC records (WSDOT)

humidity

historical material data

support conditions

modification factors for camber estimates
camber experiences by other State DOT's
when to measure initial camber
scheduling pours

recommendations for practice

curing

strand development and transfer lengths



Eight of the twenty-six literature review documents included three or more of the above items
within the body of the literature document as shown in the table in Appendix B-2. The items
listed above that are related to the research topic that were noted in three or more of the
literature review documents included:

e material properties

e camber prediction methods

e temperature effects on camber

e prestress losses

e historical material data

e modification factors for camber estimates

These items provided a starting point for further investigation into their influence on estimating
beam camber.

AASHTO LRFD Bridge Design Specifications and PCI Bridge Design Manual
After the literature review was completed, MDOT and other State DOT current practices related
to estimating beam camber was reviewed. The most current version of the AASHTO LRFD
Bridge Design Specifications (BDS) and the PCI Bridge Design Manual was reviewed for further
information and guidelines.

AASHTO's LRFD BDS provide guidelines on estimating prestress losses according to section
5.9.5. Approximate prestress losses are covered in Section 5.9.5.3-Approximate Estimate of
Time-Dependent Losses and although not applicable to the research study, section 5.9.5.4
provides guidelines for estimating time-dependent losses along with commentary section
C5.9.5.4.1 for additional information on applicability of Section 5.9.5.4.

The PCI Bridge Design Manual section 2.4.7 provides additional information on the density;
section 3.4.2.6 discusses camber; section 8.7 discusses camber and deflection; and section 8.7.1
addresses the Multiplier Method for predicting time-dependent camber.

MDOT & Other State DOT Current Practices

Prior to performing camber calculations MDOT’s current practices addressing beam camber
were reviewed that included MDOT’s Bridge Design Manual, bridge design memorandum, Bulb-
T design procedure, and Prestressed Beam Camber Deflection spreadsheet. In addition,
MDOT’s Standard Specifications for Road and Bridge Construction was reviewed. To assist with
developing camber data sets, sample plans for Bulb T bridge projects in Leake and Marshall
County were provided by MDOT.

Other State DOT current practices related to beam camber were reviewed and included Florida,
Nebraska, Texas, Washington, Alabama, and Louisiana.



Current practices were categorized into three areas that related to beam camber:

1. design of precast/prestressed concrete girders
2. camber estimates
3. information that is placed on the contract plans/drawings

Iltems that were expected to influence camber were listed for the following three categories
(i.e., design, camber, and plan drawings) as shown in Table 1.

Table 1 - Items That Were Expected to Influence Camber

ltem Design Camber | Plan Dwgs
strand profile (draped, straight, debonding,
X X X
top strand)
fillet/haunch thickness X X
roadway vertical curve ordinate X X
camber estimating method (PCI Multiplier,
. X X
time-dependent)
dead load distribution X X
girder section properties & strand X X X
templates
material properties (fci, fc, E, unit weight, X X X
aggregate type)
prestress loss data (time, humidity, curing X X X
method)
temperature gradient X
prestressed .beam dgtall plan sheet X X X
information
camber X

Specific guidelines for the selected State DOT'’s related to the above items associated with
design, camber estimates, manufacture, and construction of precast/prestressed concrete
girders were listed and are referenced in Appendix C.

Camber Limits

MDOT includes a camber limit in the Prestress Requirements Table on the contract plan
drawings. The camber limit shown on the plans is the acceptable range of camber for the given
precast/prestressed concrete girder.

Historic Material Data

It was important to collect historic material information in order to have insight into what the
current concrete girder manufacturing capabilities are. The historic material data that was of
interest to the research study included the concrete compressive strength at release, concrete

compressive strength at twenty-eight (28) days, and actual beam cambers. Mississippi



currently has three concrete girder manufacturers; F-S Prestress, Gulf Coast Pre-Stress, and J.J.
Ferguson Prestress-Precast. The Mississippi Concrete Girder Manufacturers provided historic

material data and are included in the August 3, 2018 TAC Presentation in Appendix A.

Concrete Compressive Strengths
Producer 1 provided three concrete test reports all from the same project with a required

design release concrete strength of 5.6 ksi and required design 28-day concrete strength of 6.5
ksi. Camber data was not provided. The age and concrete compressive strength (i.e., break

strength) are shown in Table 2 for the three concrete test reports.

Table 2 - Historic Material Data - Producer 1

report 1 report 2 report 3
break break break
strength strength strength
age (psi) age (psi) age (psi)
1 4706 1 5695 1 4270
1 5305 1 5745 1 4520
1 5435 1 5895 1 4335
1 5845 1 no break 1 6670
1 6050 1 no break 1 6955
1 5995 1 no break 1 6915
2 7675 2 no break 2 no break
2 7190 2 no break 2 no break
2 7040 2 no break 2 no break
3 no break 3 7960 3 no break
3 no break 3 7535 3 no break
3 no break 3 7595 3 no break
28 9755 28 9035 28 10265
28 9455 28 9180 28 9570
28 9370 28 9075 28 9800




The average concrete strengths are shown in Figure 1 for the three concrete test reports. The
graph provides insight to the amount of strength gain the concrete achieves from release to 28-

days.

Producer 1: average concrete strengths
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Figure 1 - Average Concrete Strengths (Producer 1)

Producer 2 provided concrete pour reports from five separate projects. Projects included
AASHTO Type 4 girders with lengths of 100 and 110 ft. The required design concrete strength
at release varied from 4.2 to 5.0 ksi and the required design concrete strength at 28-days varied
from 5.0 to 6.0 ksi. Design camber, measured camber data at release, and 28-day measured
camber were provided. Project 5 did not include 28-day data. Additional data and graphs of

the measured camber are included in the August 3, 2018 TAC presentation in Appendix A-1.



The age and concrete compressive strength (i.e., break strength) are shown in Table 3 for two
pours from Project 1. The remainder of the break strength data for all five projects and pours

are included in the August 3, 2018 TAC presentation in Appendix A-1.

Table 3 - Partial Historic Material Data (Producer 2)

project 1
pour 1 pour 2
break strength break strength
age (psi) Age (psi)
1 4431 1 8788
1 4205 1 9415
1 no break 1 no break
1 no break 1 no break
1 no break 1 no break
1 no break 1 no break
2 no break 2 no break
2 no break 2 no break
2 no break 2 no break
3 no break 3 no break
3 no break 3 no break
3 no break 3 no break
28 11124 28 10848
28 12449 28 10358
28 11218 28 10262
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Average release concrete compressive strengths were plotted and compared to the design

release concrete compressive strengths shown in Figure 2.
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Figure 2 - Average Release Concrete Compressive Strengths Compared to Design Concrete Compressive

Strengths (Producer 2)

Average 28-day concrete compressive strengths were plotted and compared to the design

release concrete compressive strengths shown in Figure 3.
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Figure 3 - Average 28-day Concrete Compressive Strengths Compared to Design Concrete Compressive

Strengths (Producer 2)
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The average concrete strengths are shown in Figure 4 for the four projects. The graph provides

insight to the amount of strength gain the concrete achieves from release to 28-days.

Producer 2: average concrete strengths

project 2

project 3 project 4

Concrete Compressive Strength (psi)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
days

Figure 4 - Average Concrete Strengths (Producer 2)
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Producer 3 provided fourteen concrete test reports all from the same project with a required

design release concrete strength of 6.8 ksi and required design 28-day concrete strength of 8.5

ksi. Camber data at release was provided. The age and concrete compressive strength (i.e.,

break strength) are shown in Table 4 for three pours. The remainder of the break strength data

from the test reports are included in the August 3, 2018 TAC presentation in Appendix A

-1.
Table 4 - Partial Historic Material Data (Producer 3)
pour 1 pour 2 pour 3
break strength break strength break strength
age (psi) age (psi) age (psi)
3 9015 1 7030 3 6765
3 9180 1 7510 3 8305
12 9666 1 7095 3 7595
12 9522 1 7390 14 9867
28 10203 14 9143 14 9984
28 10237 14 9100 14 10125
14 9299 14 10106
14 9344 28 10310
28 10048 28 10270
28 10000 28 10440
28 10488 28 10408
28 10520
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Average release and 28-day concrete compressive strengths were plotted and compared to the

design release and 28-day concrete compressive strengths shown in Figure 5.

Producer 3: average concrete strengths
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Figure 5 - Average Concrete Strengths (Producer 3)

Camber at release data were plotted for the various beam types shown in Figure 6.
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Figure 6 - Camber At Release (Producer 3)

The data indicates that there is variation in camber at release.
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A summary of the design and average concrete compressive strengths at release (i.e., f'ci) and

at 28-days (i.e., f'c) provided by the three Mississippi Concrete Girder Manufacturers are shown

in Table 5.
Table 5 - Historic Material Data - Concrete Strength Summary

Producer 1 Producer 2 Producer 3
design f'ci 5600 psi 4480 psi 6800 psi
Average actual f'ci 5622 psi 7503 psi 7725 psi
Ratio of 1.004 1.67 1.14
average actual
f'ci/design f'ci
Design f'c 6500 psi 5625 psi 8500 psi
Average actual f'c 9501 psi 10644 psi 10441 psi
Ratio of 1.46 1.89 1.23
average actual
f'c/design f'c
Ratio of 0.59 0.71 0.74
Average actual
f'ci/average actual
f'c

Based on the historic material data, several observations with respect to the release concrete
compressive strength (f'ci) and 28-day concrete compressive strength (f'c) were made to
advance the research:

1. Use the low, high, and average ratios to vary f'ci and f'c to evaluate the effects on
camber estimates. Values for f'c include; low = 1.004, average = 1.27, high = 1.66.
Values for f'cinclude; low = 1.23, average = 1.53, high = 1.89.

2. Producer 3 provided 2-day break data (not shown in Table 5) that can be considered in
utilizing higher design release strengths. For example, the average 2-day actual
concrete compressive strength was 8984 psi which is a ratio increase from the 6800 psi
design f'ci of 1.32.

3. The relationship between f'ci/f'c can be used to understand the strength gain during
design. The above values based on historic material information can assist in
establishing guidelines. For example the lowest ratio was 0.59, the highest was 0.74,
and the average ratio was 0.68.
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Beam Camber
A summary of the actual (i.e., measured) beam cambers by the Mississippi Concrete Girder

Manufacturers are shown in Table 6.

Table 6 - Historic Material Data - Actual Beam Camber Summary

Producer 1 | Producer 2 Producer 3
Estimated camber (at release) Data not 0.94 in. Data not provided
provided
Average measured camber (at no camber 0.74 in. Provided data on
release) data 15 projects with
provided different beam
types
Average measured camber (28- no camber 2.37in. no camber data
days) data provided
provided
Ratio of no camber 3.2 no camber data
Average measured camber (28- data provided
days)/average measured camber provided
(at release)

Based on the historic material data, several observations with respect to beam cambers were
made to advance the research:

1. For Producer 2; use both the average actual f'ci and design f'ci to estimate camber at
release for similar beam type and span length and compare the estimated camber
differences at release to see if there is a correlation between the estimated camber and
measured camber at release. Compare the 28-day camber data to the estimated
camber data sets.

2. For Producer 3; the camber data shows variation in the measured camber at release;
therefore calculate the range of variation (i.e., low and high values from the average
measured camber). Look for consistencies between various beam types on the
spread/magnitude the variations in the measured cambers at release. Vary f'ci and Eci
using average actual f'ci values and compare the effects with measured camber to see if
there is a correlation to the relationship between; the design f'ci and estimated camber
and the actual f'ci and measured camber.
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MDOT provided deck calculations during construction from the contractor for the Byhalia
Bridge on SR309 located in Marshall County (100299/303000). MDOT through its consultant on
the project provided the following data shown in Table 7, which compares the actual beam
camber to the estimated beam camber at erection (before added dead load deflection). Actual
beam camber at erection (after added dead load deflection) was unkown. For the information
provided, the actual beam cambers at erection for Spans 1, 2, and 3 were appreciably less than
the estimated beam camber. This project demonstrates that the manufactured concrete
girders have less camber at erection than estimated.

Table 7 - Historic Camber Data - MDOT Project

Project Span Beam Required | Estimated | Actual Estimated
Length | Type & | concrete | beam beam beam
(ft) No. strengths | camber at | camber camber
Strands | (f'ci/f'c) Erection at
(before Erection (after
added DL) added DL
(before deflection)
added
DL)
SR309 96 BT-54 7000 2-3/8” Varies 13/16”
Marshall
Co Span 1 1.08" to
1.56”
26 5500
Strands
Release
138 BT-72 7000 2-9/16” Varies 1/8”
Span 2 0.48” to
2.16”
34 5500
Strands
96 BT-54 7000 2-3/8” Varies 13/16”
Span 3 0.0” to
1.32"
26 5500
Strands
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Camber Data Sets

Before camber estimate calculations could be made, a camber data set outline (see Appendix
D-1) was developed to provide an overview and plan of information that would be researched
to evaluate the effects on beam camber. The information collected from the literature review,
historic material information provided by the Mississippi Concrete Girder Manufacturers,
MDOT projects that have experienced “under-camber” on girders at erection, and MDOT’s
current practices for estimating camber were considered in the camber data sets. Two pieces
of information were known and were to be evaluated in the camber data sets:

1. Actual concrete compressive strengths both at release and at 28-days are greater
than design concrete compressive strengths.

2. Several MDOT projects have experienced under-camber on girders at erection. Data
provided by MDOT provided insight to the amount of differences between the design
camber compared to actual/measured camber at erection.

The plan for the camber data sets was to evaluate the differences between camber estimates
using actual concrete compressive strengths based on the historic material information
provided by the Mississippi Concrete Girder Manufacturers compared to design concrete
compressive strengths. Various sets of data were developed through example camber estimate
calculations that captured the sensitivity of the difference in camber estimates between using
actual concrete compressive strengths compared to using the design concrete compressive
strengths. For a particular girder type, the minimum and maximum span capabilities were
evaluated to capture the range of camber variations by varying the girder lengths. The sample
plans provided by MDOT’s Bridge Division for the Leake County and Marshall County projects
were used along with AASHTO Type 4 girders and FL Bulb-T girders.

Items that Influence Camber

The following items are expected to influence camber and were included in the camber
data sets.

= Material Properties
— Release concrete compressive strength (f'ci)

— 28-day concrete compressive strength (f'c)
— Release modulus of elasticity (Eci)
— 28-day modulus of elasticity (Ec)

— Unit weight (wc)
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= The self weight of the girders were varied by using different units weights
(e.g., 150 pcf, 155 pcf, and 160 pcf) to evaluate the effect of unit weight
on estimated camber.

= The girder self weight (for a BT-54 and FL Bulb-T FIB-72) accounting for
the additional weight of the prestressing strand and girder reinforcing
was compared to the girder self weight based on the girder section only.
The increase in the unit weight is approximately 5 pcf when considering
the additional weight of the prestressing strand and girder reinforcing.

Aggregate Type

= AASHTO LRFD Equation 5.4.2.4-1 for the Modulus of Elasticity is
dependent on; the correction factor for source of aggregate (K1) where
K1 is typically taken as 1.0 unless determined by physical test, and as
approved by the authority of jurisdiction; unit weight of concrete; and
specified compressive strength of concrete.

= Girder Section Properties

Transformed vs. Gross section properties

Since MDOT currently uses transformed section properties, gross section
properties were evaluated to compare differences in the prestress losses and
thus the influence on beam camber. Therefore, the camber data sets compared
prestress losses with and without transformed section properties to evaluate
whether prestress losses differ; if prestress losses differ between using gross
section properties compared to transformed section properties then isolate the
moment of inertia effects when using transformed section properties by
manually entering the percentage of prestress losses (%) to be the same for
gross section properties and transformed section properties.

Girder Type/Moment of Inertia

Four different girder types were selected to capture the sensitivity of camber
estimates.

=  AASHTO Type 4
= BT-54 Marshall County
= BT-72 Leake County

= FIB-72
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Span Lengths

Three span lengths were selected for each girder type to capture the minimum,
average, and maximum span ranges; again to capture the sensitivity of camber
estimates.

= 90 ft. AASHTO Type 4
= 110 ft. BT-54 Marshall County
= 138 ft. BT-72 Leake County

= 155 ft. FIB-72

=  Prestress losses and data

As it pertains to prestress loss computations, various parameters are used part of
the prestress loss estimates that include; time at release, age of deck placement,
final age, and relative humidity.

PCl’s Bridge Design Manual (design examples) assume the following construction
schedule; 1-day at transfer, 90-days at erection/deck placement, and 20,000-days at
final stage. Section 9.0.1 Service Life discusses the assumed age for the various
design examples as related to long-term (i.e., final) prestress losses.

Age of girder at erection

= Time can vary and is dependent on the construction schedule
Age of deck placement

= Time canvary and is dependent on the construction schedule
Beam curing time (1, 2, or 3 days)
Beam storage age (3, 6 or 12 months)
Time-dependent model analysis

= Final age

= Time can vary depending on service life assumptions
Humidity/seasonal variation

=  Humidity can vary depending on location of Mississippi Concrete Girder
Manufacturer and time of year
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— Curing method (moist vs. steam)

= Not included in the research but the curing method can vary depending
on selection by Mississippi Concrete Girder Manufacturer

— Jacking force

= Not included in the research but some amount of variation is expected in
the method and sequence the Mississippi Concrete Girder Manufacturers
use when jacking and releasing the prestressing strand

= Strand Patterns and Profile
— Draped strand
— Straight strand (including debonding)
— Top Strand

=  Where required to satisfy allowable stresses using straight strand
patterns, top strand with and/or without reduced pull

— Number and size of strand
— Strand templates
=  Haunch/fillet thickness

The haunch/fillet consists of the additional concrete that is placed on top of precast
concrete girder and between the bottom of the deck slab and the top of the precast
concrete girder. The thickness of the haunch/fillet is dependent on the beam
camber at erection (after all dead load deflection), roadway vertical curve ordinate,
deck cross-slope/superelevation, and the as-constructed beam seat elevations. A
minimum thickness at the edge of flange is suggested to facilitate forming deck. The
thickness of the haunch/fillet varies along the length of the beam due to camber in
the prestressed concrete girder. The haunch/fillet thickness can be included in the
composite section or not, and if not added as additional dead load on the girder.

The camber data sets compared deflections at erection with and without the
haunch/fillet thickness in the composite section properties.
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Dead load distribution

AASHTO LRFD 4.6.2.2-Beam-Slab Bridges states “Where bridges meet the conditions
specified herein, permanent loads of and on the deck may be distributed uniformly
among the beams and/or stringers.”

Therefore, the camber data sets assumed that the dead load of the concrete barriers
are equally distributed to all girders in the bridge transverse section.

PCI multipliers used in the PCI Multiplier Method for estimating camber

A common method to calculate beam camber is to utilize the PCI Multiplier Method;
which consists of calculating the deflections at release independently for the
prestressing effect and self-weight effect then superimposing the prestressing effect
and self-weight effect to obtain the net camber at release. To obtain the beam
camber at erection; apply the PCI multipliers to the prestress deflection and the self-
weight deflection separately. The respective multipliers for the prestress effect and
self-weight effect are 1.80 and 1.85 respectively. The net camber at erection include
the superposition of the prestress and girder self-weight effects.

Refer to PCl Bridge Design Manual 8.7.1. Deflection (down) multiplier at erection =
1.85 and camber (up) multiplier at erection = 1.80. Apply the deflection and camber
multipliers to the deflection due to girder self-weight and camber due to
prestressing respectively.

Temperature gradients

Refer to AASHTO LRFD 3.12.3-Temperature Gradient and Commentary section
3.12.3 for guidelines.

Roadway Vertical curve ordinate

— Although this item is not directly related to estimating camber, it could have an
effect on the haunch thickness at the ends of girders and is related to calculating
beam seat elevations, therefore procedures are suggested to include the
roadway vertical curve ordinate in the calculation of the haunch/fillet thickness
at the ends of the girders.

— Depending on whether the bridge is located within a crest or sag vertical curve,
an adjustment to the haunch/fillet thickness is suggested to account for
elevation differences between a non-linear profile grade and the linear grade
connecting the centerline of girder supports at the end of the girders

— The research did not consider the roadway vertical curve ordinate.
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Girder Types, Bridge Typical Sections, and Span Lengths

Four girder types and associated span lengths were selected to capture the variations in
estimating beam camber. Girder span lengths were increased and decreased to further capture
the upper and lower bounds of beam camber estimates and variations. Sample plans were
provided by MDOT for the BT-54 and BT-72 girder types located in Marshall and Leake Counties
respectively. Although the Marshall and Leake County projects contained multiple spans with
different girder types and span lengths, only one girder type and span length was selected and
included in the camber data sets.

AASHTO Type 4 [90 ft.]

BT-54 (Marshall County) [110 ft.]

BT-72 (Leake County) [138 ft.]

FIB-72 [155 ft.]

A time dependent model was analyzed for the FIB-72 girder to further evaluate the influence
of; humidity, girder fabrication time (e.g., 1, 2, and 3 days), average historical concrete
compressive release and 28-day strengths, and extended beam storage time (e.g., 6 and 12
months).
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Baseline Camber Data Set Assumptions

All baseline analyses used the following input data. The assumptions used for the baseline
analyses attempted to be consistent with MDOT’s Bridge Design practices. Two differences of
note is the concrete compressive strength for the deck when designing Florida Bulb T beams is
4.5 ksi and the weight of metal stay-in-place deck forms are typically included in the design of
the beams.

= Deck thickness = 7.75 inches

= Two Barriers weight = 0.600 klIf (equally distributed over all girders)
= 0.6” low-relaxation strands

= f'cdeck=4.0ksi

=  Girder unit weight = 0.150 kcf

= Transformed section properties

= Haunch/fillet thickness added as dead load to girder and not included in composite
section

= Approximate prestress losses

PCI Multiplier Method for camber and deflection calculations at erection

The following LEAP Bridge Concrete software programs (Version 18.00.00.34) by Bentley
Systems were used for the camber data set calculations; Precast/Prestressed Girder was
utilized for the camber calculations and Spliced-Girder was utilized for the time-dependent
model analysis.
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AASHTO Type 4 [90 ft.]
An interior AASHTO Type 4 girder from the bridge transverse section shown in Figure 7

was analyzed part of the camber data set calculations.
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Figure 7 - AASHTO Type 4 Bridge Transverse Section used for Data Sets

A baseline span length of 90 ft. was used with design compressive strengths at release
and 28-days of 5.5 ksi and 8.0 ksi respectively. Twenty-eight (28) 0.6-inch diameter
draped strands were required. Lower and upper span lengths of 75 ft. and 105 ft. were

also analyzed.
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Estimated cambers were calculated at release and at erection (before added dead load
deflection) and at erection (after added dead load deflection) for the baseline analysis
and for the various items that were expected to influence camber. Table 8 summarizes
the estimated cambers. A concrete compressive strength of 7.0 ksi was used for the
average release strength (f'ci). A concrete compressive strength of 12.2 ksi was used for
the average 28-day strength (f'c). An aggregate factor (K1) of 1.10 was used for the
limestone aggregate.

Table 8 - Data Sets for Camber Calculations (AASHTO Type 4)

girder camber

(inches)
at release at erection
prestress:  self camber |prestress.  self prestressiadded dead: camber
weight weight | + self load
weight

# | description

baseline
1! analysis 2.437 -0.935 1.502 4.386 -1.729 2.657 -0.987 1.670

limestone
2 aggregate | 2.237 -0.854 1.383 4.027 -1.580 2.447 -0.905 1.542

avg f'ci/f'c,

unit wt 155,
gross

3 section 2159 | -0.878 « 1.281 3.886 @ -1.624 @ 2.262 -0.849 1.413

baseline
analysis,
minimum
span length
4 75 ft. 1.257 @ -0.456 @ 0.801 2262 -0.844 @ 1.418 -0.482 0.936

baseline
analysis,
maximum
span length
5 105 ft. 4195 @ -1.715 @ 2.480 7.551 -3.172 © 4.379 -1.813 2.566

avg f'ci/f'c,
limestone
6 | aggregate | 2.082 -0.792 1.290 3.747 -1.465 | 2.282 -0.793 1.489
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BT-54 (Marshall County) [110 ft.]
An interior BT-54 girder from the bridge transverse section shown in Figure 8 was
analyzed part of the camber data set calculations.
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Figure 8 - BT-54 (Marshal County) Bridge Transverse Section used for Data Sets

A baseline span length of 110 ft. was used with design compressive strengths at release
and 28-days of 6.3 ksi and 7.7 ksi respectively. Thirty two (32) 0.6-inch diameter draped
strands were required. Lower and average span lengths of 80 ft. and 95 ft. were also
analyzed.

Estimated cambers were calculated at release and at erection (before added dead load
deflection) and at erection (after added dead load deflection) for the baseline analysis
and for the various items that were expected to influence camber. Table 9 summarizes
the estimated cambers. A concrete compressive strength of 8.0 ksi was used for the
average release strength (f'ci). A concrete compressive strength of 11.8 ksi was used for
the average 28-day strength (f'c). A concrete compressive strength of 10.46 ksi was
used for the high release strength (f'ci). A concrete compressive strength of 14.6 ksi was
used for the high 28-day strength (f'c). An aggregate factor (K1) of 1.10 was used for the
limestone aggregate.
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Table 9 - Data Sets for Camber Calculations (BT-54 Marshall County)

girder camber

(inches)
at release at erection
prestress iself weight: camber |prestress self weight i prestress + added dead: camber
# | description self weight load
baseline
1 analysis 4.283 -1.496 2.787 7.710 -2.767 4,943 -1.931 3.012
2 avgfecilfc 3.998 -1.390 2.608 7.197 -2.571 4.626 -1.691 2.935
3 . high fcilfc 3.698 -1.279 2.419 6.657 -2.366 4.291 -1.588 2.703
4 . unitwt 155 4.045 -1.454 2.591 7.281 -2.690 4.591 -1.819 2.772
5 unitwt 160 3.826 -1.414 2.412 6.886 -2.616 4.270 -1.717 2.553
6 | gross section]| 4.334 -1.592 2.742 7.801 -2.944 4.857 -2.056 2.801
7  fillet included 4.283 -1.496 2.787 7.710 -2.767 4,943 -1.918 3.025
8 ' temperature 4.283 -1.496 2.787 7.710 -2.767 4,943 -1.513 3.430
9: PClmult1.0 4.283 -1.496 2.787 4,283 -1.496 2.787 -1.931 0.856
increase fillet
10: thickness 4.283 -1.496 2.787 7.710 -2.767 4.943 -1.998 2.945
11: top strand 4.205 -1.487 2.718 7.568 -2.752 4.816 -1.921 2.895
straight
strands with
12: debonding 4.576 -1.496 3.080 8.236 -2.767 5.469 -1.931 3.538
13 2,4 3.774 -1.350 2.424 6.794 -2.498 4.296 -1.593 2.703
14 2,5 3.568 -1.313 2.255 6.422 -2.430 3.992 -1.502 2.490
15 2,7 3.998 -1.390 2.608 7.197 -2.571 4.626 -1.680 2.946
16 2,4,6, 11 3.744 -1.423 2.321 6.739 -2.633 4.106 -1.678 2.428
17:2,4,6,10,11]| 3.744 -1.423 2.321 6.739 -2.633 4.106 -1.736 2.370
baseline
analysis
(including
prestress
18 losses) 3.863 -1.496 2.367 6.953 -2.767 4.186 -1.931 2.255
2, 4 (including
prestress
19 losses) 3.404 -1.350 2.054 6.126 -2.498 3.628 -1.593 2.035
baseline
analysis,
minimum span
20: length 80 ft. 1.490 -0.458 1.032 2.682 -0.847 1.835 -0.592 1.243
baseline
analysis,
average span
21: length 95 ft. 2.744 -0.898 1.846 4,940 -1.661 3.279 -1.159 2.120
limestone
22 aggregate 3.941 -1.368 2.573 7.094 -2.532 4.562 -1.770 2.792
avg f'ciff'c,
limestone
23 aggregate 3.676 -1.271 2.405 6.617 -2.351 4.266 -1.550 2.716
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To gain insight into which items influenced camber estimates the most and/or

combination of several of the items acting together, Table 10 includes the percentage

(%) difference between the baseline analysis.

Table 10 - Data Sets for Camber Calculations (BT-54 Marshall County) % Difference

BT-54 (110 ft.)

camber at erection
(after added DL

# camber at release (in.) | camber at erection (in.) deflection) (in.)
1 baseline analysis | 2.787 | % difference | 4.943 | % difference | 3.012 | % difference
2 avg fciffc 2.608 -6.42% 4.626 -6.41% 2.935 -2.56%
3 high f'ci/f'c 2.419 -13.20% 4.291 -13.19% 2.703 -10.26%
4 unit wt 155 2.591 -7.03% 4.591 -7.12% 2.772 -71.97%
5 unit wt 160 2.412 -13.46% 4.270 -13.62% 2.553 -15.24%
6 gross section 2.742 -1.61% 4.857 -1.74% 2.801 -7.01%
7 fillet included 2.787 0.00% 4.943 0.00% 3.025 0.43%
8 temperature 2.787 0.00% 4.943 0.00% 3.430 13.88%
9 PCl mult 1.0 2.787 0.00% 2.787 -43.62% 0.856 -71.58%
increase fillet
10 thickness 2.787 0.00% 4.943 0.00% 2.945 -2.22%
11 top strand 2.718 -2.48% 4.816 -2.57% 2.895 -3.88%
straight strands
12 with debonding 3.080 10.51% 5.469 10.64% 3.538 17.46%
13 2,4 2.424 -13.02% 4.296 -13.09% 2.703 -10.26%
14 2,5 2.255 -19.09% 3.992 -19.24% 2.490 -17.33%
15 2,7 2.608 -6.42% 4.626 -6.41% 2.946 -2.19%
16 , 4,6, 11 2.321 -16.72% 4.106 -16.93% 2.428 -19.39%
17 2,4,6,10, 11 2.321 -16.72% 4.106 -16.93% 2.370 -21.31%
baseline analysis
(including prestress
18 losses) 2.367 -15.07% 4.186 -15.31% 2.255 -25.13%
2, 4 (including
19 | prestress losses) | 2.054 -26.30% 3.628 -26.60% 2.035 -32.44%
limestone
22 aggregate 2.573 -7.68% 4.562 -1.71% 2.792 -7.30%
avg f'ciff'c,
limestone
23 aggregate 2.405 -13.71% 4.266 -13.70% 2.716 -9.83%
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Table 11 summarizes the camber at release and camber at erection (before added dead

load deflection) and sorts the camber values from largest to smallest.

Table 11 - Data Sets for Camber Calculations Sorted (BT-54 Marshall County)

_ camber at - camber at
description description ;
release erection
straight strands with debonding 3.080 straight strands with debonding 5.469
baseline analysis 2.787 baseline analysis 4.943
fillet included 2.787 fillet included 4.943
temperature 2.787 temperature 4.943
PCIl mult 1.0 2.787 increase fillet thickness 4.943
increase fillet thickness 2.787 gross section 4.857
gross section 2.742 top strand 4.816
top strand 2.718 avg f'ci/f'c 4.626
avg f'cilf'c 2.608 avg f'ci/f'c, fillet included 4.626
avg f'ci/f'c, fillet included 2.608 unit wt 155 4.591
unit wt 155 2.591 limestone aggregate 4.562
limestone aggregate 2.573 avg f'ci/f'c, unit wt 155 4.296
avg f'ci/f'c, unit wt 155 2.424 high f'ci/f'c 4.291
high f'ci/f'c 2.419 unit wt 160 4.270
unit wt 160 2.412 avg f'ci/f'c, limestone aggregate 4.266
avg f'ci/f'c, limestone aggregate 2.405 baseline analysis (including 4.186
prestress losses)
baseline analysis (including 2 367 avg f'ci/f’c_, unit wt 155, gross 4.106
prestress losses) section, top strand
. . avg f'ci/f'c, unit wt 155, gross
avg f'm/f'g, unit wt 155, gross 2.321 secticg)n, increase filklet thi%kness, 4.106
section, top strand
top strand
avg f'ci/f'c, unit wt 155, gross
section, increase fillet thickness, 2.321 avg f'ci/f'c, unit wt 160 3.992
top strand
avg fciffic, unit wt 160 2255 | avgfoifc unitwt 155 (including | 5 5og
prestress losses)
avg f'ci/f'c, unit wt 155 (including 2 054 PCI mult 1.0 2787

prestress losses)
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Several of the items that influenced camber in Table 11 were plotted as shown in Figure
8. The historic camber at release data measured by the Mississippi Concrete Girder
Manufacturers are shown horizontally in the graph to compare with the estimated
camber at release data. For the items plotted there is a close comparison to the
estimated camber at release to the measured camber at release.

Variation in camber at release to 28-day camber
BT-54 (including historic camber at release data)

4.5624.296

5.000 4.943
S 4.000 3.279 4.266
5 3.000 2.42 2.405 2.424 2 787
g 2.000 1418 2.33 2.5732.3% ;;2
5 1.000 § 1418 1.846 2.08 216 273232427 16
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—@— historic camber (at release) 1 —@=— historic camber (at release) 2 —@— historic camber (at release) 3

—@— historic camber (at release) 4

Figure 8 - Variation in Camber at Release and 28-Days (BT-54)
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BT-72 (Leake County) [138 ft.]
An interior BT-72 girder from the bridge transverse section shown in Figure 9 was
analyzed part of the camber data set calculations.

36.83 ft
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Figure 9 - BT-72 (Leake County) Bridge Transverse Section used for Data Sets

A baseline span length of 138 ft. was used with design compressive strengths at release
and 28-days of 6.0 ksi and 7.5 ksi respectively. Thirty-six (36) 0.6-inch diameter draped
strands were required. Lower and average span lengths of 100 ft. and 120 ft. were also
analyzed.

Estimated cambers were calculated at release and at erection (before added dead load
deflection) and at erection (after added dead load deflection) for the baseline analysis
and for the various items that were expected to influence camber. Table 12 summarizes
the estimated cambers. A concrete compressive strength of 7.62 ksi was used for the
average release strength (f'ci). A concrete compressive strength of 11.5 ksi was used for
the average 28-day strength (f'c). A concrete compressive strength of 9.96 ksi was used
for the high release strength (f'ci). A concrete compressive strength of 14.2 ksi was used
for the high 28-day strength (f'c). An aggregate factor (K1) of 1.10 was used for the
limestone aggregate.
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Table 12 - Data Sets for Camber Calculations (BT-72 Leake County)

girder camber

(inches)
at release at erection
prestress self weight camber | prestress self weight: prestress | added dead . camber
+ self load
# | description weight
baseline
1 analysis 4,968 -2.166 2.802 8.943 -4.007 4.936 -2.256 2.680
2 . avg fcifc 4.639 -2.012 2.627 8.351 -3.723 4.628 -1.977 2.651
3 | high fcilfc 4.293 -1.853 2.440 7.727 -3.428 4,299 -1.856 2.443
4 unitwt 155 4.694 -2.106 2.588 8.448 -3.895 4,553 -2.124 2.429
5 unit wt 160 4.440 -2.048 2.392 7.992 -3.789 4,203 -2.005 2.198
6 | gross section] 5.073 -2.310 2.763 9.132 -4.274 4.858 -2.406 2.452
7 filletincluded| 4.968 -2.166 2.802 8.943 -4.007 4,936 -2.239 2.697
8 | temperature 4,968 -2.166 2.802 8.943 -4.007 4.936 -1.745 3.191
9: PClmult1.0] 4.968 -2.166 2.802 4.968 -2.166 2.802 -2.256 0.546
increase fillet
10: thickness 4,968 -2.166 2.802 8.943 -4.007 4,936 -2.364 2.572
11 top strand 4.885 -2.155 2.730 8.793 -3.986 4.807 -2.244 2.563
straight
strands with
12: debonding 5.327 -2.156 3.171 9.589 -3.988 5.601 -2.256 3.345
13 2,4 4.384 -1.958 2.426 7.890 -3.621 4,269 -1.860 2.409
14 2,5 4.144 -1.904 2.240 7.460 -3.522 3.938 -1.756 2.182
15 2,7 4.639 -2.012 2.627 8.351 -3.723 4.628 -1.962 2.666
16: 2,4,6, 11 4.390 -2.066 2.324 7.902 -3.822 4.080 -1.967 2.113
17:2,4,6,10,11] 4.390 -2.066 2.324 7.902 -3.822 4.080 -2.061 2.019
baseline
analysis
(including
prestress
18 losses) 4.505 -2.166 2.339 8.110 -4.007 4,103 -2.256 1.847
2, 4 (including
prestress
19 losses) 3.976 -1.958 2.018 7.157 -3.621 3.536 -1.860 1.676
baseline
analysis,
minimum
span length
20 100 ft. 1.585 -0.651 0.934 2.853 -1.204 1.649 -0.677 0.972
baseline
analysis,
average span
21:length 120 ft.| 2.940 -1.335 1.605 5.292 -2.469 2.823 -1.391 1.432
limestone
22 aggregate 4,573 -1.982 2.591 8.232 -3.666 4,566 -2.067 2.499
avg f'ciff'c,
limestone
23 aggregate 4,270 -1.842 2.428 7.686 -3.408 4,278 -1.811 2.467
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To gain insight into which items influenced camber estimates the most and/or

combination of several of the items acting together, Table 13 includes the percentage

(%) difference between the baseline analysis.

Table 13 - BT-72 (Leake County) Bridge Transverse Section used for Data Sets % Difference

BT-72 (138 ft.)

camber at erection
(after added DL

# camber at release (in.) | camber at erection (in.) deflection) (in.)
1 baseline analysis | 2.802 % difference | 4.936 | % difference | 2.680 | % difference
2 avg fciffc 2.627 -6.25% 4.628 -6.24% 2.651 -1.08%
3 high f'ci/f'c 2.440 -12.92% 4.299 -12.91% 2.443 -8.84%
4 unit wt 155 2.588 -7.64% 4.553 -7.76% 2.429 -9.37%
5 unit wt 160 2.392 -14.63% 4.203 -14.85% 2.198 -17.99%
6 gross section 2.763 -1.39% 4.858 -1.58% 2.452 -8.51%
7 fillet included 2.802 0.00% 4.936 0.00% 2.697 0.63%
8 temperature 2.802 0.00% 4.936 0.00% 3.191 19.07%
9 PCl mult 1.0 2.802 0.00% 2.802 -43.23% 0.546 -79.63%
increase fillet
10 thickness 2.802 0.00% 4.936 0.00% 2.572 -4.03%
11 top strand 2.730 -2.57% 4.807 -2.61% 2.563 -4.37%
straight strands
12 with debonding 3.171 13.17% 5.601 13.47% 3.345 24.81%
13 2,4 2.426 -13.42% 4.269 -13.51% 2.409 -10.11%
14 2,5 2.240 -20.06% 3.938 -20.22% 2.182 -18.58%
15 2,7 2.627 -6.25% 4.628 -6.24% 2.666 -0.52%
16 2,4,6, 11 2.324 -17.06% 4.080 -17.34% 2.113 -21.16%
17 2,4,6,10, 11 2.324 -17.06% 4.080 -17.34% 2.019 -24.66%
baseline analysis
(including prestress
18 losses) 2.339 -16.52% 4.103 -16.88% 1.847 -31.08%
2, 4 (including
19 | prestress losses) | 2.018 -27.98% 3.536 -28.36% 1.676 -37.46%
limestone
22 aggregate 2.591 -7.53% 4.566 -7.50% 2.499 -6.75%
avg f'ciff'c,
limestone
23 aggregate 2.428 -13.35% 4.278 -13.33% 2.467 -7.95%
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Table 14 summarizes the camber at release and camber at erection (before added dead

load deflection) and sorts the camber values from largest to smallest.

Table 14 - Data Sets for Camber Calculations Sorted (BT-72 Leake County)

. camber at - camber at
description description ;
release erection
straight strands with debonding 3.171 straight strands with debonding 5.601
baseline analysis 2.802 baseline analysis 4.936
fillet included 2.802 fillet included 4.936
temperature 2.802 temperature 4.936
PCI mult 1.0 2.802 increase fillet thickness 4.936
increase fillet thickness 2.802 gross section 4.858
gross section 2.763 top strand 4.807
top strand 2.730 avg f'ci/f'c 4.628
avg f'ci/f'c 2.627 avg f'ci/f'c, fillet included 4.628
avg f'ci/f'c, fillet included 2.627 limestone aggregate 4.566
limestone aggregate 2.591 unit wt 155 4.553
unit wt 155 2.588 high f'ci/f'c 4.299
high f'ci/f'c 2.440 avg f'ci/f'c, limestone aggregate 4.278
avg f'ci/f'c, limestone aggregate 2.428 avg f'ci/f'c, unit wt 155 4.269
avg f'ci/f'c, unit wt 155 2.426 unit wt 160 4.203
unit wt 160 2392 baseline analysis (including 4.103
prestress losses)
baseline analysis (including 2339 avg f'ci/f'c_, unit wt 155, gross 4.080
prestress losses) ' section, top strand '
: . avg f'ci/f'c, unit wt 155, gross
avg flc'/fl(?’ unit wt 155, gross 2.324 secti%n, increase fillet thigkness, 4.080
section, top strand
top strand
avg f'ciff'c, unit wt 155, gross
section, increase fillet thickness, 2.324 avg f'ci/f'c, unit wt 160 3.938
top strand
avg fciff'c, unit wt 160 2240 | @vgfoifc unitwt 155 (including | 3 536
prestress losses)
avg f'ci/f'c, unit wt 155 (including 2018 PCI mult 1.0 2802

prestress losses)
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FIB-72 [155 ft.]

An interior FIB-72 girder from the bridge transverse section shown in Figure 10 was
analyzed part of the camber data set calculations.
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Figure 10 - FIB-72 Bridge Transverse Section used for Data Sets

A baseline span length of 155 ft. was used with design compressive strengths at release
and 28-days of 6.6 ksi and 8.5 ksi respectively. Fifty-nine (59) 0.6-inch diameter straight
strands with debonding and four (4) top strands with reduced pull were required.
Lower, average, and upper span lengths of 120 ft., 140 ft., and 160 ft. were also
analyzed.

Estimated cambers were calculated at release and at erection (before added dead load
deflection) and at erection (after added dead load deflection) for the baseline analysis
and for the various items that were expected to influence camber. Table 15 summarizes
the estimated cambers. A concrete compressive strength of 8.4 ksi was used for the
average release strength (f'ci). A concrete compressive strength of 13.0 ksi was used for
the average 28-day strength (f'c). A concrete compressive strength of 11.0 ksi was used
for the high release strength (f'ci). A concrete compressive strength of 16.1 ksi was used
for the high 28-day strength (f'c). An aggregate factor (K1) of 1.10 was used for the
limestone aggregate.
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Table 15 - Data Sets for Camber Calculations (FIB-72)

girder camber

(inches)
at release at erection
prestress iself weight camber | prestress self weight: prestress | added camber
+ self dead load
# | description weight
baseline
1 analysis 6.815 -3.507 3.308 12.266 -6.489 5777 -3.124 2.653
2 avgfcilfc 6.360 -3.256 3.104 11.447 -6.024 5.423 -2.734 2.689
3 . high fcilfc 5.880 -2.994 2.886 10.584 -5.539 5.045 -2.566 2.479
4 unitwt 155 6.434 -3.407 3.027 11.581 -6.303 5.278 -2.940 2.338
5 unitwt 160 6.083 -3.312 2.771 10.950 -6.127 4.823 -2.772 2.051
6 gross section| 6.933 -3.696 3.237 12.480 -6.838 5.642 -3.295 2.347
7 filletincluded| 6.815 -3.507 3.308 12.266 -6.489 5777 -3.107 2.670
8 temperature 6.815 -3.507 3.308 12.266 -6.489 5777 -2.472 3.305
9 PClmult1.0] 6.815 -3.507 3.308 6.815 -3.507 3.308 -3.124 0.184
increase fillet
10: thickness 6.815 -3.507 3.308 12.266 -6.489 5777 -3.270 2.507
11 2,4 5.997 -3.160 2.837 10.795 -5.846 4,949 -2.574 2.375
12 2,5 5.667 -3.071 2.596 10.201 -5.681 4.520 -2.426 2.094
13 2,7 6.360 -3.256 3.104 11.447 -6.024 5.423 -2.719 2.704
14 2,4,6 6.074 -3.303 2.771 10.933 -6.111 4,822 -2.691 2.131
15 2,4,6,10 6.074 -3.303 2.771 10.933 -6.111 4.822 -2.817 2.005
baseline
analysis
(including
prestress
16 losses) 6.206 -3.507 2.699 11.171 -6.489 4.682 -3.124 1.558
2, 4 (including
prestress
17 losses) 5.463 -3.160 2.303 9.834 -5.846 3.988 -2.574 1.414
baseline
analysis,
minimum
span length
18 120 ft. 2.757 -1.331 1.426 4,963 -2.462 2.501 -1.185 1.316
baseline
analysis,
average span
19 length 140 ft.| 4.774 -2.444 2.330 8.592 -4.521 4.071 -2.176 1.895
baseline
analysis,
maximum
span length
20 160 ft. 7.664 -4.141 3.523 13.796 -7.661 6.135 -3.688 2.447
limestone
21: aggregate 6.268 -3.206 3.062 11.282 -5.931 5.351 -2.860 2.491
avg f'cilf'c,
limestone
22 aggregate 5.355 -3.007 2.348 9.639 -5.564 4.075 -2.532 1.543
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To gain insight into which items influenced camber estimates the most and/or

combination of several of the items acting together, Table 16 includes the percentage

(%) difference between the baseline analysis.

Table 16 - Data Sets for Camber Calculations (FIB-72) % Difference

FIB-72 (155 ft.)

camber at erection
(after added DL

# camber at release (in.) | camber at erection (in.) deflection) (in.)
1 baseline analysis | 3.308 % difference | 5.777 % difference | 2.653 | % difference
2 avg ficiffc 3.104 -6.17% 5.423 -6.13% 2.689 1.36%
3 high f'ci/f'c 2.886 -12.76% 5.045 -12.67% 2.479 -6.56%
4 unit wt 155 3.027 -8.49% 5.278 -8.64% 2.338 -11.87%
5 unit wt 160 2.771 -16.23% 4.823 -16.51% 2.051 -22.69%
6 gross section 3.237 -2.15% 5.642 -2.34% 2.347 -11.53%
7 fillet included 3.308 0.00% 5.777 0.00% 2.670 0.64%
8 temperature 3.308 0.00% 5.777 0.00% 3.305 24.58%
9 PCl mult 1.0 3.308 0.00% 3.308 -42.74% 0.184 -93.06%
increase fillet
10 thickness 3.308 0.00% 5.777 0.00% 2.507 -5.50%
11 2,4 2.837 -14.24% 4.949 -14.33% 2.375 -10.48%
12 2,5 2.596 -21.52% 4.520 -21.76% 2.094 -21.07%
13 2,7 3.104 -6.17% 5.423 -6.13% 2.704 1.92%
14 2,4,6 2.771 -16.23% 4.822 -16.53% 2131 -19.68%
15 2,4,6,10 2.771 -16.23% 4.822 -16.53% 2.005 -24.43%
baseline analysis
(including
16 | prestress losses) | 2.699 -18.41% 4.682 -18.95% 1.558 -41.27%
2, 4 (including
17 | prestress losses) | 2.303 -30.38% 3.988 -30.97% 1.414 -46.70%
limestone
21 aggregate 3.062 -7.44% 5.351 -7.37% 2.491 -6.11%
avg f'ciff'c,
limestone
22 aggregate 2.348 -29.02% 4.075 -29.46% 1.543 -41.84%
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Table 17 summarizes the camber at release and camber at erection (before added dead

load deflection) and sorts the camber values from largest to smallest.

Table 17 - Data Sets for Camber Calculations Sorted (FIB-72)

prestress losses)

- camber at - camber at
description description ;
release erection
baseline analysis 3.308 baseline analysis 5.777
fillet included 3.308 fillet included 5.777
temperature 3.308 temperature 5.777
PClI mult 1.0 3.308 increase fillet thickness 5.777
increase fillet thickness 3.308 gross section 5.642
gross section 3.237 avg f'cilfc 5.423
avg f'cilfc 3.104 avg f'ci/f'c, fillet included 5.423
avg f'ci/f'c, fillet included 3.104 limestone aggregate 5.351
limestone aggregate 3.062 unit wt 155 5.278
unit wt 155 3.027 high f'ci/f'c 5.045
high f'ci/f'c 2.886 avg f'ci/f'c, unit wt 155 4.949
avg f'ci/f'c, unit wt 155 2.837 unit wt 160 4.823
unit wt 160 2 771 avg f'ciff'c, unlt.wt 155, gross 4.829
section
avg f'ci/f'c, unit wt 155, gross avg f'ciff'c, unit wt 155, gross
. 2.771 S , . 4.822
section section, increase fillet thickness
avg f'ci/f'c, unit wt 155, gross baseline analysis (including
SR ) . 2.771 4.682
section, increase fillet thickness prestress losses)
baseline analysis (including 2.699 avg fciff'c, unit wt 160 4.520
prestress losses)
avg f'ci/f'c, unit wt 160 2.596 avg f'ci/f'c, limestone aggregate 4.075
avg f'ci/f'c, limestone aggregate 2.348 avg feiffe, unit wt 155 (including 3.988
prestress losses)
avg f'ci/f'c, unit wt 155 (including 2303 PCI mult 1.0 3308
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A time dependent model was analyzed for the FIB-72 girder to further evaluate the influence

of; humidity, girder fabrication time (e.g., 1, 2, and 3 days), average historical concrete

compressive release and 28-day strengths, and extended beam storage time (e.g., 6 and 12

months). Table 18 summarizes the estimated cambers for the baseline analysis. The remainder
of the estimated camber data sets are included in the November 13, 2018 TAC presentation in
Appendix A-2.

Table 18 - Data Sets for Camber Calculations (FIB-72) Time-Dependent Analysis Baseline

girder camber
(inches)
deflections (at center/mid-span of girder)
stage description duration age (days)| self weight | prestress shrinkage total
# (days) deflection/camber
pour beam &
1 stress strands 1 1 -4.197 7.636 0.000 3.439
store beam,
transport beam,
and erect beam at
2 project site 50 51 -6.854 12.125 -0.183 5.088
form deck and
3 place rebar 30 81 -7.304 12.853 -0.231 5.318
pour and cure
4 deck 14 95 -8.816 13.038 -0.464 3.758
pour and cure
5 barriers 14 109 -9.093 13.186 -0.803 3.290
6 time step 365 474 -10.067 14.147 -1.698 2.382
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One item that became apparent in reviewing the camber estimate data for all the items that
influence camber for all of the girder types was the ratio of the erection camber (before added
dead load deflection) to release camber. Table 19 highlights this information for each of the
studied girders. One anomaly in comparing the historic material camber data provided by the
only Mississippi Concrete Girder Manufacturer who provided 28-day camber information for
AASHTO Type 4 girders was an average measured 28-day to average measured camber at
release = 3.20.

Table 19 - Average Ratio of Erection to Release Camber

Girder Type Average ratio of erection to
release camber

AASHTO Type 4 (90 ft.) 1.77
BT-54 (110 ft.) 1.77
BT-72 (138 ft.) 1.76
FIB-72 (155 ft.) 1.74
FIB-72 (155 ft.) time 1.65
dependent model 1.73 (after forming deck)
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Beam Camber Tolerances

Tolerances for beam camber are included in the PCI Manual for Quality Control for Plants and
Production of Structural Precast Concrete Products (Fourth Edition) MNL-116-99, Appendix B-
10 I-Beam (Girder) or Bulb-Tee Girder. PCl’s Committee on Bridges-Camber FAST Team
reviewed the current beam camber tolerances and provided recommendations at the 2012 PCl
Committee Days for PCl tolerances with respect to predicted camber at time of prestress
transfer.

The FAST Team Mission Statement was to evaluate the current PCl tolerances for camber of
bridge girders published in PCI MNL-116 and make recommendations for PCl tolerances with
respect to predicted camber at time of prestress transfer. The Team recognized that a
database of all variables that affect camber would be ideal to assist with recommendations.
However, records for all variables associated with girder camber were not readily available
from all plants.

PCI’s current tolerances for variation from design camber is +/- 1/8 in. per 10 ft. with a
maximum of +/- 1/2 in. up to 80 ft. and a maximum of +/- 1 in. for length greater than 80 ft.

As stated in the PCI Manual for Quality Control for Plants and Production of Structural Precast
Concrete Products (Fourth Edition) MNL-116-99

“Camber is a function of girder cross-section, prestressing force, strand location,
concrete properties, girder age, and environmental factors. Each of these attributes
have variability both within a plant and among plants. This variability is independent of
the camber prediction method used. Prediction of camber is based on empirical
formulas. Accuracy of these estimated values decreases with time. Measurement of
camber from comparison of predicted design values should be completed within 72 hrs
of transfer of prestress. Temperature variation across a member section can have a
significant impact on the measured camber. Camber should be evaluated under
conditions that minimize the effect of temperature variation due to solar radiation, such
as early in the morning.

The FAST Team made the following recommendations:
1. Revise ‘g” dimension in Appendix B of PCIl MNL-116
g = Camber Variation from Design Camber Within 72 Hours of Release
= +1/8in. per ten feet, up to a maximum of 1.50 in.
= -1/8inch per ten feet with no lower bound
2. Add a footnote in Appendix B of PCI MNL-116

Out of tolerance camber should not be a sole cause for rejection.
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Effect of Increased Stiffness on Live Load Distribution Factor

The effect of increased stiffness of the girders and live load distribution factor was evaluated
when using the average actual 28-day concrete compressive strengths based on the historical
material data provided by the Mississippi Concrete Girder Manufacturers. Table 20 presents
results for the BT-54 (Marshall County) girder. The 28-day concrete compressive strength used
for the baseline analysis was 7.7 ksi. The 28-day concrete compressive strength used for the
average f'c analysis was 11.8 ksi.

Table 20 - Effect of Increased Stiffness on Live Load Distribution Factor (BT-54 Marshall County)

Live load distribution Baseline Avg f'c Avg f'c and with
factor (shear and analysis haunch/fillet
moment) included in

composite section

LLV 1-lane 0.674 0.674 0.674
LLV 2-lanes 0.813 0.813 0.813
LLM 1-lane 0.441 0.446 (1% increase) 0.452 (2% increase)
LLM 2-lanes 0.633 0.641 (1% increase) 0.648 (2% increase)

Table 21 presents results for the BT-72 (Leake County) girder. The 28-day concrete compressive
strength used for the baseline analysis was 7.5 ksi. The 28-day concrete compressive strength
used for the average f'c analysis was 11.5 ksi.

Table 21 - Effect of Increased Stiffness on Live Load Distribution Factor (BT-72 Leake County)

Live load distribution Baseline Avg f'c Avg f'c and with
factor (shear and analysis haunch/fillet
moment) included in

composite section

LLV 1-lane 0.654 0.654 0.654
LLV 2-lanes 0.777 0.777 0.777
LLM 1-lane 0.415 0.420 (1% increase) 0.424 (2% increase)
LLM 2-lanes 0.604 0.611 (1% increase) 0.616 (2% increase)

For both the BT-54 (Marshall County) and the BT-72 (Leake County) girders, the effect on the
live load distribution factor for moment by using an increased f'c based on the historical
material data provided by the Mississippi Concrete Girder Manufacturers is minimal with only a
small (1%) increase in the live load distribution factor for moment and 2% increase when
including the haunch/fillet in the composite section. The live load distribution factor for shear
did not change.
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Conclusions

1. The literature review revealed items that influence camber, increased MDOT’s
knowledge-base related to the research topic, and provided insight to how other
research agencies and/or State DOT’s have addressed beam camber or other related
topics. The documents researched emphasized how variable the items are that
influence camber and thus camber calculations should be considered an estimate due to
the variability in the items that influence beam camber.

2. The historic material data provided by the three Mississippi Concrete Girder
Manufacturers provided actual data specific to concrete compressive strengths and
beam camber. From the historic material data, the average actual concrete
compressive strength at release (f'ci) and 28-days (f'c) were computed and used in the
camber data sets.

a. Referring to Table 5, the ratio of the average actual concrete compressive
strength at release to the design concrete compressive strength was 1.004, 1.14,
and 1.67 for the three Mississippi Concrete Girder Manufacturers with an
average of the three to be 1.27.

b. Referring to Table 5, the ratio of the average actual concrete compressive
strength at 28-days to the design concrete compressive strength was 1.23, 1.46,
and 1.89 for the three Mississippi Concrete Girder Manufacturers with an
average of the three to be 1.53.

c. Referring to Table 6, several of the Mississippi Concrete Girder Manufacturers
provided beam camber data, which was used to compare against the estimated
camber. Table 6 contains a summary of the estimated camber at release,
average measured camber at release, and average measured camber at 28-days.

3. The various items that were included in the camber data sets did change the values of
the camber estimates both individually and more so in combination with each other.

4. The under-camber girders that MDOT has experienced on several projects was validated
by the majority of the items included in the camber data sets; which indicated the
estimated camber using the research items that influence camber to be less than the
current method used to estimate camber (i.e., baseline estimated camber).

5. The Camber data sets provided insight to the range in variability in the camber
estimates.

a. The range in variability increases when comparing camber at erection compared
to camber at release.

b. The range in variability increases as the girder length and/or number of
prestressing strands increases.
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6. The Camber data sets provided insight to the variation and magnitude of camber

8.

estimates for various concrete girder types and girder length ranges selected in
comparison to the current (i.e., baseline) estimates for camber.

i. Actual average values for the concrete compressive strengths at release
and 28-days provided by the Mississippi Concrete Girder Manufacturers
were included in the camber data sets and assisted with developing
recommendations for estimating camber.

Other State DOT current practices provided a comparison with Florida, Nebraska, Texas,
Washington, Alabama, and Louisiana current practices related to beam camber. For the
most part, the selected other State DOT’s have similar practices as MDOT’s with a few
minor differences as noted in Appendix C.
The effect on the live load moment distribution factor when using the average historic
concrete compressive strength was minimal with a 1-2% increase. The increase in the
concrete compressive strength when using the average historic concrete compressive
strength did not change the live load shear distribution factor.
Based on the research findings and recommendations, the following benefits are
realized:
a. improved material property versus strength expectation
b. minimize the difference between the estimated and actual beam cambers which
will; reduce construction delays and reduce added construction costs to MDOT
projects, reduce design and/or functional modifications to MDOT projects, and
improve the ride
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Recommendations

Design Table for f'ci/f'c

Based on the historic material data and ratio of f'ci/f’c, a design table is recommended for
various values of f'c and f'ci accounting for upper and lower bounds. Table 22 uses a ratio of
the average actual release concrete strength to average 28-day concrete strength provided by
the Mississippi Concrete Girder Manufacturers of 0.59, 0.71, and 0.74 with the average of the

three ratios bei

ng 0.68. A 10% and 15% lower and upper bound was used and the concrete

compressive strength values were rounded to the nearest 100 psi. The recommended design
table for f'ci and f'c concrete compressive strengths result in a range of the f'ci/f'c ratio

between 0.59 to 0.80.

Table 22 - Recommended Design Table for f'ci/f'c

concrete concrete

release 28-day

strength strength 15% 10% 10% 15%

f'ci (psi) f'c (psi) lower bound lower bound | upper bound | upper bound
4000 5900 5000 5300 6500 6800
4500 6600 5600 6000 7300 7600
5000 7400 6300 6600 8100 8500
5500 8100 6900 7300 8900 9300
6000 8800 7500 7900 9700 10100
6500 9600 8100 8600 10500 11000
7000 10300 8800 9300 11300 11800
7500 11000 9400 9900 12100 12700
8000 11800 10000 10600 12900 13500
8500 12500 10600 11300 13800 14400
9000 13200 11300 11900 14600 15200
9500 14000 11900 12600 15400 16100
10000 14700 12500 13200 16200 16900

To use the design table for f'ci/f'c:

1.

For a given required 28-day design concrete strength (e.g., 7500 psi) find the row or
rows that include 7500 psi in the lower and upper bounds column(s) and select the
respective concrete design strength at release (e.g., 4500, 5000, 5500, and 6000 psi).
This would indicate that the available manufactured release strength could range
between 4500 to 6000 psi.

For a given required release design concrete strength (e.g., 5500 psi) move
across the same row to find the lower and upper bound available manufactured
28-day strength; which could range between 6900 to 9300 psi.
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Minimum Haunch/Fillet Thickness

A minimum thickness for the haunch/fillet is recommended at the edge of the top flange of the
prestressed concrete girder. The minimum thickness should be able to accommodate deck
forming material and construction tolerances. The minimum thickness at the edge of the top
flange will also influence the thickness of the haunch/fillet at the centerline of the girder; which
is used for design and bridge geometry/beam seat elevation computations.

Estimated Camber at Release

Recommend adding the estimated camber at release to the Prestress Requirements Table that
is included with the bridge girder detail construction plan drawings. The estimated camber at
release values will provide MDOT with comparison to the actual/measured beam camber at
release that the Mississippi Concrete Girder Manufacturers are currently required to provide.
The estimated camber at release values will add to MDOT’s historical data related to beam
camber and also provide an early notice or indicator of any differences between the estimated
and actual/measured beam camber at release. An early notice or indicator of differences
between the estimated and actual/measured beam camber will allow advanced time for
possible bridge geometry/beam seat elevation adjustments through coordination with the
Contractor and Concrete Beam Manufacture in preparation for the beam erection and deck
forming. This advanced notice and early coordination between the Concrete Beam
Manufacturer and the Contractor will minimize project delays and reduce added construction
costs.

Temperature Gradient

Although the temperature gradient does influence beam camber; it is NOT recommended to
include the temperature effects when estimating beam camber. Refer to AASHTO LRFD C3.12.3
for commentary.

Prestress Loss Data

It is recommended to include design guidelines that address the various parameters that are
used in the computation of prestress losses which influence beam camber when using the
AASHTO LRFD 5.9.4.4-Refined Estimates of Time-Dependent Losses. Refer to PCl’s Bridge
Design Manual for suggested time at release, age of deck placement, final age, and relative
humidity values. These parameters do not apply and are not used when calculating prestress
losses when using the PCI Multiplier Method together with the AASHTO LRFD 5.9.5.3-
Approximate Estimate of Time-Dependent Losses.

When estimating beam camber at release and at erection when using the PCI Multiplier
Method together with the AASHTO LRFD 5.9.5.3-Approximate Estimate of Time-Dependent
Losses, only the prestress losses at release are used to compute deflections and thus beam
cambers so therefore the above prestress loss data are not utilized.
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Florida Bulb-T Beam Section Properties

Recommend adding the Florida Bulb-T beam section properties and available strand templates
to MDOT's Bridge Design Manual and/or Design Standards.

Transformed Section Properties

MDOT currently uses transformed section properties along with several other State DOTs. The
AASHTO LRFD bridge design specifications allow the use of transformed section properties so
the use of transformed section properties for the design of prestressed concrete girders is
recommended.

With the premise that the prestress losses and jacking stress are equal for either a transformed
or gross beam section; and as transformed section properties pertain to beam camber, a
transformed section will have a larger moment of inertia compared to a gross section.
Therefore, the computation of deflections for a transformed section should also be less than a
gross section since the moment of inertia is considered part of the stiffness effect which when
combined with the modulus of elasticity are used in the denominator of the deflection
calculations. Since the deflection is inversely proportional to the stiffness, a greater stiffness
will result in a smaller deflection. Under the premise that the prestress losses and jacking stress
are equal for either a transformed or gross beam section, the resulting deflections should be
similar and will become increasingly different as the ratio between the transformed to gross
moment of inertia increases.

Roadway Vertical Curve Ordinate

The haunch/fillet thickness at the ends of the prestressed concrete girders and thus the beam
seat elevations should account for the roadway vertical curve ordinate. Therefore, it is
recommended to include the roadway vertical curve ordinate in the beam camber
computations used to establish bridge geometry and beam seat elevations. The roadway
vertical curve ordinate, beam camber, minimum haunch thickness, and deck cross-
slope/superelevation are used to calculate the haunch/fillet thickness at the end of the beam
used to set beam seat elevations.

Debonding Increments

Recommend updating MDOT’s Bridge Design Manual to include MDOT’s current practice of
using two (2) ft. debond increments when using straight strand.
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Draped vs. Straight Strands

According to MDOT Bridge Division Design Manual (Version 6.1), the current policy is to drape
strands instead of debonding. However, debonding may be used with permission from the
Bridge Engineer on straight strands in certain situations to reduce stresses in the beam. For
designs that use either draped and/or straight strands that require top strands to satisfy
stresses, the camber data sets indicated the estimated camber is only slightly reduced when
top strands are added. Therefore, recommend including top strand when estimating camber
when top strand are required to satisfy stresses on a design-by-design basis.

Camber Measurements

Recommend requiring the Mississippi Concrete Girder Manufacturers to measure the beam
camber and record the age of the girders prior to shipping the prestressed concrete girder to
the project site. This will provide MDOT additional historical beam camber data to compare
with the estimated camber measurements at release and at erection.

Since the 28-day concrete compressive strength is currently recorded by the Mississippi
Concrete Girder Manufacturers; it is recommended to require the Mississippi Concrete Girder
Manufacturers to also measure the beam camber at 28-days to begin collecting historical data
related to beam camber.

On select MDOT projects, require the Contractor to measure beam camber at erection after
added dead load deflection to begin collecting historical data related to beam camber.

Recommend when measuring beam camber to minimize the effects of temperature variations
and/or temperature gradients by measuring camber in the early morning and then again in the
early morning for subsequent camber measurements. Also record the time of day and
temperature.

Girder Shipping Weight

Recommend requiring the Mississippi Concrete Girder Manufacturers to record the weight of

the prestressed concrete girder prior to and/or during shipping. This requirement will provide
historical data related to the unit weight of the prestressed concrete girders which influences

beam camber estimates.

Additional Concrete Cylinder Breaks

In addition to the current release and 28-day concrete cylinder break requirements; and on
select MDOT projects, recommend obtaining additional concrete cylinder breaks at a later
timeframe (e.g., 90, 120, 200, 365 days) to begin to collect historical data related to strength
gain of the prestressed girder concrete. Acquiring knowledge related to strength gain on the
prestressed girder concrete can assist with future load ratings and decisions related to service
life of bridge structures.
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Aggregate Types

Recommend requiring the Mississippi Concrete Girder Manufacturers to record the type of
aggregate and include with the concrete test pour documentation records. The type of
aggregate is a consideration in the AASHTO LRFD equation for calculating the Modulus of
Elasticity, which influences beam camber. Having historical data for the type of aggregate can
aid with computations used for estimating beam camber.

Actual/Measured Modulus of Elasticity

On select MDOT projects, recommend obtaining the actual/measured modulus of elasticity at
release and at 28-days to begin collecting historical data related to the modulus of elasticity.
The modulus of elasticity influences the beam camber estimate and the actual/measured
modulus of elasticity can be compared with values obtained from the current AASHTO LRFD
Equation 5.4.2.4-1.

Increased Concrete Strengths

Consider allowing increased concrete strengths on select MDOT projects to optimize
superstructure designs and/or eliminate a girder line, which can reduce construction costs.
MDOT to coordinate new FX mix design approvals with Mississippi Concrete Girder
Manufacturers to take advantage of current production capabilities and increased concrete
strengths.

According to MDOT Bridge Division Design Manual (Version 6.1) current design parameters, the
28-day compressive strength for beam concrete shall be 5,000 psi. Strengths of 5,500 psi and
6,000 psi can be used as required by design. Recommend updating MDOT’s Bridge Design
Manual to include MDOT’s current practice of designing Florida I-Beams (FIBs) using 8,500 psi
for the 28-day compressive strength.

As shown in Table 5 Historic Material Data — Concrete Strength Summary; for design 28-day
concrete strengths of 6,500 psi, 5,625 psi, and 8,500 psi, the average actual 28-day concrete
strengths manufactured by the Mississippi Concrete Girder Manufacturers were 9,501 psi,
10,644 psi, and 10,441 psi. The average actual 28-day concrete strengths were 10,195 psi;
therefore, an upper-bound of 10,000 psi for the 28-day design concrete compressive strength is
recommended on select MDOT projects.

With a new FX mix design for the recommended 10,000 psi 28-day design concrete compressive
strength, the PCI multipliers will need to be revisited and revised accordingly based on project
data/records.
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Estimating Camber

Both approaches are recommended to supplement MDOT’s current practices for estimating
camber of Bulb-T and Florida girders.

1. Continue using the PCl Multiplier Method; and based on the historic material data
provided by the Mississippi Concrete Girder Manufacturers, recommend using adjusted
concrete strengths and adjusted modulus of elasticity values based on the average
actual strengths, and a unit weight of 155 pcf when calculating camber estimates.

The research data sets used an increase value of 1.27 times the design release concrete
compressive strength and an increase value of 1.53 times the design 28-day concrete
compressive strength for the various analyses designated as average f'ci and f'c. For
implementation, suggest rounding the adjusted values to 1.25 for the release and 1.50
for the 28-day concrete compressive strengths. MDOT to continue to collect historic
material and beam camber data from the Mississippi Concrete Girder Manufacturers to
compare with the historic average values for f'ci and f'c and update the f'ci and f'c
average values accordingly.

2. Modify the PCI Multipliers to match the camber estimates using the average actual
strengths provided by the Mississippi Concrete Girder Manufacturers and a unit weight
of 155 pcf. An adjusted multiplier of 1.65 applied to both the deflection and camber
components at release provided comparable erection camber estimates (after added
dead load deflections) for the BT-54 (Marshall County) and BT-72 (Leake County)
girders.

Recommend using both approaches initially to compare with actual/measured field data on

future MDOT projects before deciding which approach correlates best with the
actual/measured cambers.
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Implementation Plan

The following items are for MDOT’s consideration part of an Implementation Plan based on the

research findings.

1.

Disseminate the research findings within MDOT including the Bridge Design Division,
Construction Division, Materials Division, and District staff. Update MDOT research
library to include final report.

Share research findings with contractors, concrete girder manufacturers, consultants,
and industry and discuss whether MDOT will change their current methods for
estimating camber.

Update MDOT’s Bridge Design Manual with reference to the research for best practices
for estimating camber of Bulb T and Florida girders.

Coordinate with Mississippi Concrete Girder Manufacturers and Contractors any new
information required to be provided and/or collected in reference to the research.
Continue to collect historical material and beam camber data and update MDOT's
knowledge-base/database accordingly.

Develop Technical Brief that summarizes the research.

Pursue publications.
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Appendices
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A-3 February 11, 2019
B. Literature Review
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B-2 Literature Review Items Related to Research Topic Table
C. Other State DOT Guidelines and Practices
C-1 Strand profile (draped, straight, debonding, top strand)
C-2 Fillet/haunch thickness
C-3 Roadway vertical curve ordinate
C-4 Camber Estimating Method (PCI Multiplier, time-dependent)
C-5 Dead Load Distribution
C-6 Girder section properties & strand templates
C-7 Material Properties (f'ci, f'c, E, unit weight, aggregate type)
C-8 Prestress Loss Data (time, humidity, curing method)
C-9 Temperature Gradient
C-10 Prestressed Beam Detail Plan Sheet Information
C-11 Camber
D. Camber Data Sets
D-1 Camber Data Sets Outline
D-2 Sample Plans for MDOT Project in Marshall County
D-3 Sample Plans for MDOT Project in Leake County
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Aspects that can effect prestress losses and/or beam camber and/or related topics

1.

Curing

“Study of Prestress Losses Conducted by Lehigh University”

Ti Huang

PCl Journal/September-October 1982

p.56

The effect of elevated temperature during the curing period on prestress losses in pretensioned
strands was also studied. There was concern that as temperature decreases after curing, the
steel stress loss due to thermal expansion may not be fully recovered. During the fabrication of
the experimental bridge beams for the field study, measurements were made on the strand
tension until transfer and on concrete compressive strains at transfer. The results indicated
virtually full recovery of the thermal loss of strand stress. To further verify this finding, small
specimens were fabricated and tested to decompression immediately after transfer. These tests
also indicated nearly complete recovery of the thermal loss of strand stress.

Appendix Page 273



Concrete Compressive Strength-gain and high strength concrete

“High Strength Prestressed Concrete Bridge Girder Performance”

Charles W. Dolan, Ph.D., P.E., Craig A. Ballinger, P.E., Robert W. LaFraugh, P.E.

PCl Journal/May-June 1993

pgs 88-89

Compliance with the release strength and economic requirements for daily production resulted
in an actual 28-day concrete strength well above the specified design strength. The actual
attained strength in many girders is in the range of high strength concrete. This higher strength
allows greater design flexibility and has been used by several states and provinces to increase
the span length or to reduce the number of girders in a bridge.

p.89

High strength concrete is not clearly defined and is dependent upon the production capacities
and practices in various parts of North America. However, high strength concrete may be
defined as any concrete with a specified 28-day strength over 8000 psi (55 MPa). Bridge girder
design and construction often consider any concrete in excess of 6000 psi (41 MPa) as the
transition point to high strength concrete. The definition of high strength concrete in the
precast, prestressed concrete industry is also influenced by the need for a high early strength at
transfer of the strand prestress to the girder concrete.

The maximum attainable strength of precast concrete bridge girders varies with the quality of
available aggregates and with plant production techniques. This paper examines the
development of high strength concrete girders from the perspective of the industry capability to
manufacture high quality and high strength members.

Twelve to 16 hours are needed for curing the concrete prior to transfer of the prestressing force
to the girder.

The amount of time available for curing prior to the application of the prestressing force has a
marked influence on the type of cement and the strength of the concrete used in the girder.
Extended initial curing time reduces the energy requirements for accelerated curing and can
lower production costs.

The higher the initial prestressing force is specified, the greater are the demands on the initial
concrete strength. The initial concrete strength may be “high” if it is high in terms of the final
specified concrete strength, e.g., 70 percent of the final strength, or if it is high in absolute
value, i.e., f'ci > 5000 psi (34 MPa) at 18 to 20 hours.

Production operations using a one-day work cycle will require a concrete that gains strength
very rapidly in the first few hours after casting. The strength gain is obtained by using more
cement, Type lll cement, lower water-cement ratios, accelerating the concrete cure by using
admixtures, and by heating the concrete after the initial set. Multiple-day production cycles can
use Type | cement and ambient curing temperature more effectively and may not have to resort
to accelerated curing.

p.90

Table d1 summarizes both the release strength and the design strength for several states, and
provides a projected 28-day strength. The projected 28-day strength is based on the
assumption that the one-day release strength is 50 percent of the 28-day strength. The one-day
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value of 50 percent is high for normally cured concrete, but is reasonable for accelerated curing
used in the precast concrete industry.
Actual available design strength must allow for the properties and strength variation within the
actual concrete mix.
Several important issues are raised in Table 1. First, approximately 4000 psi (28 MPa) of
additional strength is projected to be available for design use. Second, if this strength is
available, what is the best method to utilize it in design? Fig. 1 shows a typical strength gain
curve for a concrete girder produced in Washington State. The specified 28-day strength is 7000
psi (48 MPa) and the actual strength is 9190 psi (63 MPa).
Allowing for a 1.34 x standard deviation reduction in strength to satisfy the specified
performance guidelines, the concrete would meet an 8500 psi (59 MPa) design strength, 1500
psi (10 MPa) above the specified strength. This concrete mix did not use a high range water
reducing (HRWR) admixture, but did use a low water-cement ratio and a high cement factor.
p.91-92
The strength gain that is available for a given mix is a function of the mix design and the
accelerated curing.
Thus, historically, two types of concrete emerged:
1. Concrete with high quality aggregate and high cement factors continued to have substantial
strength gain at 28 days.
2. Concrete with lower cement factors and HRWRs had much less strength gain between 18
hours and 28 days.
This behavior led to an investigation of the strength gain beyond 28 days and the
performance of newer high strength concrete girders.

Since concrete continues to gain strength with time, additional strength gain beyond the 28-day
standard may be available.

In considering strength gain in excess of 28 days, it is noted that the initial uses of high strength
concrete in building design were specified at 56 and 90 days. Since many precast girder bridges
do not need their full strength until well past 56 days, a 56-day concrete strength is a pragmatic
possibility.

The post-28-day strength gain is a function of the mix design. Mixes that gain their strength
from a high cement factor, e.g., Type | cement and/or which use pozzolanic fly ash, are more
favorable candidates for supplemental strength gain.

Strength gain of moist-cured cylinders is widely documented for laboratory conditions. Field
conditions offer highly variable curing environments and it is logical to question if the laboratory
strength gain is available in actual structures. Tests at CTL on a 25-year-old prestressed concrete
girder removed from the Illinois Tollway, provided data indicating that a 5000 psi (34 MPa)
increase in compressive strength occurred over the originally specified 5000 psi (34 MPa) design
strength. Tests of two 30-year-old bridge girders in Belgium indicated a 77 percent increase in
compressive strength beyond the original specified strength. The actual strength at the time of
testing was 13,800 psi (95 MPa).

p.95
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Under normal construction sequencing, deferring the application of full live load for 56 days
appears quite reasonable. If the extra strength gain can be specified and utilized during the
bridge design, then the increased strength due to aging is particularly valuable.

p.96-97 Strategies for Using High Strength Concrete

2. Examine the historical strength gain to determine if a higher final design strength is available.
If a significant strength gain is present, high strength concrete may be “free”.

3. Increase the cure time before the prestress transfer to two days in order to obtain a higher
initial strength compared to the design strength requirements.

4. If cementitious fly ash or Type | cement is used in the mix, consider using a 56-day strength to
allow the cementitious material to react more completely.

7. When evaluating the condition of older prestressed concrete bridges, consider time-
dependent strength increases. The increased strength may allow the bridge to continue to
function at its full capacity or for a higher load capacity than the original design.

p.97 Conclusions

Many prestressed concrete girders display an actual concrete strength in excess of the specified
strength. The additional strength is available to the designer and has economic benefits in the
form of longer spans and greater girder spacing.

The analyses in this paper and past performance of prestressed concrete girders suggest that
high strength concrete and bulb-tee girders are very cost-effective bridge members.
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3.

Prestress Losses

“Prestress Losses In Pretensioned High-Strength Concrete Bridge Girders”

Maher K. Tadros, Nabil Al-Omaishi, Stephen J. Seguirant, James G. Gallt

NCHRP Report 496

Transportation Research Board, 2003

p.1

It was concluded that local material properties significantly impacted the prediction of
modulus of elasticity, shrinkage, and creep. The proposed formulas produce national
averages: factors are given to adjust these averages for the four states covered in the
project.

p.3

If one underestimates prestress losses, there is a risk of cracking the girder bottom fibers
under full service loads. On the other hand, if prestress losses are overestimated, a higher
prestress force must be provided, which will result in larger amounts of camber and
shortening than is necessary. It is, therefore, important to have a reasonably accurate
estimate of prestress losses.

p.5

The prestress losses prediction formulas are used by current AASHTO-LRFD and AASHTO
Standard Specifications for considering the effects of variation in material properties,
especially concrete strength.

p.6

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.

Accurately estimating the value of Ec allows for accurate prediction of the initial camber and
initial elastic prestress loss and helps improve the accuracy of the prediction of creep loss.
The modulus of elasticity increases approximately with the square root of the concrete
compressive strength; empirical equations have been developed to estimate the modulus of
elasticity based on the compressive strength of the concrete.

p.13

The AASHTO-LRFD provisions need to be updated (1) to consider high-strength concrete in
Sections 5.4.2.3 and 5.4.2.4, (2) to improve the prestress loss calculation methods of Section
5.9.5 for high-strength concrete, and (3) to link the material property formulas of Sections
5.4.2.3 and 5.4.2.4 with prestress loss prediction formulas of Section 5.9.5 into one
integrated approach.

p.50

Whether gross or transformed section properties are used, the calculated concrete stresses
are essentially the same if the proper components of the prestress loss are used. Either
long-term losses due to creep, shrinkage, and relaxation in conjunction with transformed
section properties, or total losses (including elastic losses and gains) in conjunction with
gross section properties should be used.

p.56-57 Conclusions

(a) The prestress losses prediction formulas used by current AASHTO Specifications do not
account for the variability in material properties.
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(b) The modulus of elasticity of concrete has been shown to have a high degree of
variability, attributed to such factors as properties and the proportion of the coarse
aggregates used, moisture content and temperature of the constituents at time of mixing,
methods of mixing and curing, method of testing, size and shape of specimens tested, and
difference between compaction of concrete in the precast member and that in a test
cylinder. A formula has been proposed for estimating modulus of elasticity that assumes a
concrete unit weight relationship to concrete strength. The proposed formula has been
shown to give more accurate estimates than those obtained by the current AASHTO-LRFD
and ACI-363 formulas.

(c) The research has determined that concrete compressive strength, V/S ratio, curing
methods, and time elapsed after the end of curing influence shrinkage. A proposed
shrinkage formula produced results that averaged 105% of the measured values, compared
to 174% when using the AASHTO-LRFD method and 155% when using the ACI-209 method.
(d) The creep coefficient is influenced by the same factors that influence the shrinkage
coefficient in addition to the age of the concrete at the time of loading and time elapsed
after loading. A proposed creep formula produced results that averaged 98% of the
experimental values, compared to 161% for AASHTO-LRFD and 179% for those estimated
using ACI-209.

(e) Predictions of modulus of elasticity, shrinkage, and creep are influenced by local
materials and practices. Therefore, data for local materials and mixture proportions should
be used when available.

(k) Test results reported in the literature showed that the total prestress losses averaged
38.5 ksi; the initial elastic loss was 19.0% of the jacking stress of 202.5 ksi.

(I) The AASHTO-LRFD Refined method tends to over-estimate creep effects because it does
not consider the reduction in the creep coefficient associated with the increase in concrete
strength.

(m) The AASHTO-LRFD Lump-Sum method results showed a better agreement with test
results that the Refined method, because it accounts for the variability of the loss with
concrete strength.

(n) The proposed approximate method produces better estimates of long-term prestress
losses than those obtained by the AASHTO-LRFD Lump-Sum method because the Lump-Sum
method does not account for the level of prestressing or ambient relative humidity.

Further research is also needed to investigate initial and long-term girder camber. Data

from field installations could be used to calibrate the analytical results obtained on the basis
of the theory developed in this project.
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4. Girder camber variability

“Precast, prestressed girder camber variability”
Maher K. Tadros, Faten Fawzy, and Kromel E. Hanna
PCl Journal/Winter 2011
p.135
Precast concrete girder camber can vary significantly between the time of prestress release and
the time of erection.
The variations in camber become more significant as the use of high-strength concrete, longer
spans, and more heavily prestressed concrete girders continues to increase.
This paper addresses several issues related to prediction, design, and construction to
accommodate variability in prestressed concrete girder camber.
Camber at prestress release is not affected by creep and shrinkage estimates, but it is highly
influenced by the modulus of elasticity. Also, accurate estimates of elastic shortening losses at
prestress release would allow for more accurate prediction of camber at release.
With the increased use of high-strength concrete, most of the creep and shrinkage takes place in
the first few months of the concrete age.
p.136-137
The 2005 interim revision to the American Association of State Highway and Transportation
Officials” AASHTO LRFD Bridge Design Specifications introduced extensive revisions to the
formulas for prestress losses, as well as those for modulus of elasticity, creep, and shrinkage.
These revisions extended the application of these formulas to concrete strengths from 5000 psi
to 15,000 psi (34,000 kPa to 100,000 kPa).
This paper also discusses camber variability. It recommends user-friendly detailing and
construction methods to acknowledge camber variability and minimize conflicts between
designers, producers, and contractors.
Instantaneous camber, which occurs at the time of release of the prestressing force from the
bed to the concrete member, is well defined. The prestressed concrete member cambers
upward because the upward bending due to initial prestress is generally larger than the
downward deflection due to member self-weight. The camber at that time is a result of the
combination of these two effects. Due to the assumed linear elastic behavior of the system, the
conventional theory of elasticity and method of superposition are valid. Thus, deflection due to
self-weight is calculated separately from camber due to initial prestress, though the two
guantities cannot be physically separated.
For camber analysis at prestress release, common practice historically uses the following
assumptions:

e The span length is assumed to equal the overall member length. The reasoning behind
this assumption is that when prestress is released, the member cambers and bottom of
the girder separates from the bed except at the extreme ends. Some design guides use
the span length between bearings on the bridge. This is done for convenience and is
illustrated in this paper.

e The modulus of elasticity is the concrete modulus at time of prestress release. This
guantity is most often predicted from the density of the member and the specified
concrete strength at prestress release.
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The prestressing force is assumed to be the force in the concrete after allowance for
elastic shortening losses. As the prestress transfers to the concrete, the member
shortens due to two equal and opposite forces: tension in the prestressing strands and
compression in the concrete. At the time of release, the prestressing-strand tension is
smaller than the tension before release due to the member deformation.

The properties ec, ee, and | are the gross cross-section properties. Theoretically, they
should be the net section properties because the calculation of elastic loss presumes
separation of the steel and concrete. However, the two sets of properties are close.
p.137

A more rigorous approach would be to use the prestressing force just before release
and apply it to the transformed section properties when calculating the initial camber.
With this approach it is not necessary to calculate the elastic shortening loss. Because
the elastic loss varies from one section to another along the span, this helps avoid the
error of assuming constancy. This approach was introduced in 2005 in the AASHTO
LRFD specifications. Proposed equations in this paper follow this design approach.
Equation (2) does not take into account the loss of prestressing force due to strand
shielding. The proposed formula includes this effect.

As discussed earlier, the span length at this stage is usually assumed to be the full
member length. This may be true during the short duration when the prestess is
released and before the member is removed from the bed. However, when the
member is stored in the precasting yard, it is usually placed on hard wood blocking. This
condition remains until the member is shipped for erection on the bridge. Itis
important to model the storage support condition due to the increasing use of long-
span girders over 150 ft (45 m) long. Optimal placement of wood blocking is at a
distance of about 7% to 10% of the member length.

There is a need to standardize storage conditions in order to allow for more accurate
camber prediction. At a minimum, the designer should recognize that support location
during girder storage is a factor in estimating camber at release and at erection.
p.139-140

Most designers ignore the overhangs in estimating the initial deflection due to self-
weight. This is reasonable for conventional beam lengths with supports near the beam
ends. However, long girders, approaching 200 ft (60 m) in length, have been produced
in recent years. These long girders should be supported at a distance about 7% to 10%
of the length. This helps improve stability, camber, and sweep during storage. Ignoring
the overhangs for these conditions may underestimate the elastic loss effect and
overestimate camber. Equation (15) yields more-accurate results than equations
developed for a simple span.

The prestressing force just before release along with section properties of the
transformed section should be used in the aforementioned analysis. This is the method
promoted by the AASHTO LRFD specifications, section 5.9.5. A common alternate
method is to use gross section properties along with prestressing force just after
release, which is equal to the initial prestressing force less the elastic shortening loss.
This proposed method is theoretically equivalent to the assumption that the elastic loss
is constant for the entire length.
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p.142

With CONSPAN, the modulus of elasticity was 90% of that predicted by AASHTO LRFD
specifications, to reflect the Florida Department of Transportation design guide for soft
Florida limerock aggregates.

Studies by Tadros et al. (NCHRP project 18-07 report 496) and Al-Omaishi et al.*®
demonstrated that the values of Eci can vary by +/-22% relative to the mean value for
levels of confidence between the 10" and 90*" percentiles.

p.143

Impact of coarse aggregates on Eci

The impact of coarse aggregates on Eci is a well-documented but often ignored factor.
The NCHRP project 18-07 report 496 gives recommendations for this effect for the
states of Nebraska, Washington, Texas, and New Hampshire. In Florida, the use of soft
native limerock is frequent enough to have a standard recommendation use a 0.9 factor.
If this factor is used, the camber changes from 3.01 in. (76 mm) to 3.34 in. (85 mm).
Because of these factors, it is recommended that records of the modulus of elasticity be
kept for concrete mixture proportions used in precast concrete bridge girder
production.

Actual concrete strength versus specified strength

Designers specify a minimum concrete strength at prestress release. For Example 1, this
strength is 6 ksi (40 MPa). However, it is not an uncommon practice or a code violation
release the prestress at higher concrete strengths of 7 ksi or 8 ksi (50 MPa to 55 MPa).
Occasionally, precast concrete fabricators leave girders scheduled for release on
Saturday in the bed until the following Monday morning, two days later than the due
date. Actual initial concrete strength can change dramatically in a short period,
depending on the mixture, and the designer may not know the actual time for camber
prediction. Its variability significantly affects the value of Eci.

Differential temperature at prestress release

Concrete temperature is elevated in the first hours after concrete placement.
Temperature rise is caused by the heat generated through the cement hydration
process and also due to externally applied heat for curing. The temperature is higher
with increased cement content.

Cooling of the girder concrete is not uniform as it balances with the ambient
temperature. The top flange and web cool more quickly than the bottom flange. The
temperature gradient through the girder depth can create a deflection that is generally
not considered in estimating the initial camber. This deflection component eventually
diminishes, but creep and shrinkage effects begin to take place.

p.144

Storage span length versus final span length

Often the girders are placed on hardwood supports in storage at a significant distance
away from the ends. They are kept in storage in this manner until they are moved for
shipping to the jobsite. This is recommended for long girders to enhance their stability.
Friction at girder ends due to prestress release

The friction effect is highly variable. There is no guidance in the literature to quantify it.
It is more related to quality-control issues than to true camber variability. To reduce the
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difference between theoretical and actual initial camber, recommendations are to lift

the girder off the bed and reset it on the bed before measuring camber.

Initial prestress and girder weight

A designer may specify strands to be tensioned to a specific stress, but the actual stress
will be higher or lower. Strand locations can alter specified stresses on the design drawings,
which can lead to a difference in initial prestressing force by 5%. The density of concrete is
usually specified between 0.14 kip/ft*3 to 0.15 kip/ft*3 (22 kN/m”3 to 24 kN/m”3), but it can
be lower or higher based on aggregate type and the use of mild reinforcement with the strands.
This can result in a 5% change in the density of concrete. The corresponding net camber when
assuming initial prestress is 5% lower and member weight is 5% higher is calculated:
9.462 up — 6.132 down = 3.33 in. (85 mm).
The resulting 13% increase validates the effect that initial prestress and girder weight may have
on the actual initial net camber.
p.145
Background and methods of long-term camber prediction
The PCI Bridge Design Manual has a detailed discussion in sections 8.7 and 8.13 of both the
approximate and detailed methods of time-dependent analysis for prestress loss, camber, and
deflection. The discussion includes the simple constant multiplier method originally proposed
by Martin in 1977. This method is still predominant in current commercial software because of
its extreme simplicity and the belief that it is difficult to accurately predict time-dependent
effects. Some believe that if modulus of elasticity, creep, and shrinkage can only be predicted
within +/- 20% at best, one should not worry about fine turning the camber equations.
However, as explained in the following discussion, one should never worry about the random
variables that cannot be controlled. Errors from controllable and/or know variable can and
should be minimized as much as possible.
In 1985, Tadros et al.1° published a paper on the topic of multipliers in terms of creep variability.
The contents of the paper were extensively covered as the improved multiplier method in
section 8.7.2 of the PCI Bridge Design Manual. This method was further advanced in the study
for NCHRP project 18-07 report 496, which was adopted in the 2005 interim AASHTO LRFD
specifications and covered previously in this paper. The variable multiplier method allows for
adjustment due to high-strength concrete and high levels of prestress as currently used in
bridge practice. High-strength concrete can cause significant reduction in the creep coefficient.
However, high-strength concrete also allows for use of high prestress levels. Thus, it is observed
in current practice that initial camber can be significantly greater than cambers from a decade
ago. However, camber growth as a percentage of initial camber is somewhat slower. High-
strength concrete tends to undergo most of its creep in the first several months, as opposed to
the more slowly developing creep in lower-strength concrete. For these reasons, it is important
to accurately model modulus of elasticity, creep, and, to a lesser degree, shrinkage in order to
obtain reasonable camber averages.
p.147
Variability of long-term camber
There are a number of causes for variability of camber growth between the time of prestress
release and the time of erection. Time of erection is defined here as the time at which the deck
placement operation is completed.
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Rose et al. 2 completed a study in 2007 that included analysis as well as field measurements. It
concluded with a recommendation to endorse the new AASHTO LRFD specifications prestress-
loss provisions to directly account for loss effects on camber and to apply modification factors to
the modulus of elasticity and creep multipliers in AASHTO LRFD specifications. The study
reflects conditions in the state of Washington related to the environment and to local materials.
The recommended factors are 1.15 for modulus of elasticity and 1.4 for creep. The report
makes an important observation of the impact of support conditions. The camber measured
41% to 46% smaller with temporary oak blocking that with the permanent elastomeric bearing
pads.

Accuracy of long-term multipliers

Martin’s multipliers are simply 1.85 and 1.80 for girder weight and initial prestress. They were
derived from the assumption that the creep coefficient is a constant 2.00 with additional
constants to account for prestress loss, change in elasticity modulus, and partial development at
an intermediate time. Proposed multipliers separate these effects and allow for actual
conditions to be incorporated. Even with this refinement, concrete properties are random
variables and cannot be deterministically accounted for in calculations. The NCHRP project 18-
07 did not come to a specific recommendation for upper- and lower-bound values, as was done
for the modulus of elasticity, because of a lack of data for high-strength concrete creep at the
time of the study. It is reasonable to assume these bounds to be +/- 25%.

Girder support condition while in storage

Girder support condition while in storage affects the initial camber, as previously discussed.
This, it affects the long-term camber as well.

p.147-148

Time elapsed before girder installation

Most designers do not and cannot enforce a specific girder age at the time of deck placement.
At best, some state highway agencies require that the girder be at least 28 days old when the
deck concrete is placed. Few agencies require a minimum age of 90 days. None of the
specifications, to the authors’ knowledge, require an upper limit on girder age at time of deck
placement. Itis possible that the girders will be six months old before they are erected. While
this variability is outside of the control of the designer, construction documents should be
prepared to minimize conflicts and delays during construction.

p.149-150

Variability of deflection due to superimposed dead loads

Whether the forms are permanent stay-in-place metal forms or temporary wood forms, their
weight should be included in predicting net camber immediately after deck placement. Sources
of variability of deflection include magnitude of superimposed dead load, estimate of modulus
of elasticity Ec, bearing resistance, and support condition.

Magnitude of superimposed dead load

The diaphragms, forms, and deck weight can be assumed to be relatively accurately. The
haunch buildup can be a significant load that is a function of the camber itself. Density of
concrete containing normal weight aggregates is assumed to be 0.15 kip/ft3 (24 kN/m3). This is
reasonable and consistent with AASHTO LRFD specifications for concrete strength in the 4000
psi to 5000 psi (28,000 kPa to 34,000 kPa) range.

Estimate of modulus of elasticity Ec
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The modulus of elasticity is subjected to the same +/- 22% random variability discussed earlier.
p.151-152

Detailing and construction considerations

Assuming the best possible preconstruction data, assumptions, and camber prediction theories,
there is still a likelihood of significant variation in the camber prediction. Camber at the time of
deck placement is an important measurement during construction, yet it may vary by as much
as +/- 50%. This range could be even larger if a girder is stored in the yard for several months.
For example, if theory predicts a 3 in. (80 mm) camber immediately after deck placement, it
could end up ranging from 1.5 in. to 4.5 in. (40 mm to 110 mm). If the camber is larger than
predicted, the girder could have a negative haunch at midspan or even interfere with the
bottom mat of deck reinforcement. If camber is lower than predicted, it would increase the
guantity of concrete in the haunch, which is often an item of contractual disagreement.
Increasing the quantity also increases the load on the girder.

Another important factor is the possibility of infringement on vertical clearances below the
bridge. Furthermore, camber that is too small may be a cause for aesthetic concern, especially if
the long-term camber ends up being negative, or a downward deflection. Girder sag, while
acceptable for structural capacity, may not be as accepted for serviceability by the general
public.

The following guidelines are recommended in design to alleviate some of the camber variability
concerns:

e Design for a minimum haunch of 2.5 in. (60 mm) over the girder. This would allow for
an actual camber that is 3.5 in. (90 mm) higher than estimated without interfering with
deck reinforcement. For a 4-ft-wide (1.2 m) girder top flange and a 2 % deck cross
slope, the available distance is actually 3 in. (80 mm), not 3.5 in. (90 mm).

e Detail shear reinforcement in girder to accommodate camber variability. Some
designers use a different hook height above the top flange and in the outer quarter
lengths of the girder.

e The height of girder seats should be finalized only near the time of girder installation. At
that time, the actual girder camber can be measured and the seat elevation determined.
For example, if the estimated camber is 3 in. (80 mm) and the actual camber is 1.5 in.
(40 mm), the seat elevations can be raised 1.5 in. (40 mm) using cementitious grout,
steel plates, or other means.

e The contractor pay item for concrete quantities in the haunches could be structured in a
way that it is not adjustable during construction. The contractor would have to assume
the variability and account for it in the initial bid. This is a small item in the overall cost
of the bridge and arguments during construction could be avoided if both parties
acknowledge that the engineer estimate of haunch thickness is highly variable.

p.152

Conclusion

It is not possible to have the actual camber at prestress release or at deck placement match the
calculated estimates. Random variability beyond the control of the engineer does not allow for
such precision.
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The 2005 interim AASHTO LRFD specifications (and later editions) include prestress loss,
modulus of elasticity, creep, and shrinkage prediction formulas that can be effectively
used to improve camber prediction.

Local material properties, girder storage, and construction practices should be
considered in design, as much as is practical, rather than defaulting to embedded
conditions in commercial design software. This recommendation may not be easy to
implement while owners do not have specifications that govern storage and erection
conditions. Currently, there are unique practices of specific producers and contractors
that cannot be regulated by the designer unless the project is design-build, not the
conventional design-bid-build.

In design, allow for variability of camber by 50%. Future research may offer refinements
of this figure.

Allowance in design should include flexibility in adjusting the horizontal shear
reinforcement and the girder-seat elevations.
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5. Commercial Software

PSBeam V4 Prestresed Concrete Bridge Girder Design software by Eriksson technologies
The following items are noted in the features brochure that are related to the MDOT research
study.

Section Properties
e Option to transform strands
Include Rebar in Design

e Top tension rebar at release
e Bottom tension tie (shear)

Debonding

e End debonding
e All effects accounted for in analysis
e Debond straight and draped patterns

All Critical Design Checks
e Camber and deflections
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Commercial Software

Comparison of Precast Prestressed Bridge Girder Design Software

The following items are noted (as related to the MDOT research study) in the feature
comparison between PGSuper and two other popular precast prestress girder design
programs, ConSpan and PSBeam.

e  Girder camber

e Girder deflections

e Bursting in anchorage zones

e Straight patterns

e Harped patterns

e Debonded patterns

e Longitudinal reinforcement for shear

e Slab haunch offset (“A” Dimension)

e Release and final concrete strength

e Prestress losses

Appendix Page 287



Early age behavior, SCC, high strength concrete, instrumentation & monitoring, integrated
sensing systems

“Evaluating the early-age behavior of full-scale prestressed concrete beams using
distributed and discrete fibre optic sensors”

Liam J. Butler, Niamh Gibbons, Ping He, Campbell Middleton, Mohammed Z.E.B. Elshafie
Construction and Building Materials 126 (2016) 894-912

p.894

An analysis of the curing strains within the beams revealed the significant effect that
ambient temperature, curing duration, and formwork restraint has on the development of
prestress losses prior to detensioning.

p.895

Introduction and Background

Permanently integrating FOS into one or more of these critical elements before they are
placed in service allows the entire load history of these elements to be captured over time.
Therefore, engineers and researchers can assess design assumptions against measurements
of real behavior and asset manager can more confidently address future questions about an
assets’ existing and/or remaining capacity and its potential for reuse | other structures.
Research into the time-dependent behavior of precast prestressed concrete beams has
been ongoing for several decades. Prestressed concrete offers many advantages over
reinforced concrete in terms of controlling cracking and minimizing long-term deflections In
addition, by using high strength self-consolidating concrete (SCC) mixtures, the overall
constructability and quality of the finished product can be greatly improved. The use of high
strength concrete in bridge beams offers economic advantages over traditional mixes due to
increased stiffness and reduced deflections, permitting longer spans and smaller section
sizes. However, accurate prediction of the prestress losses in high-strength concrete, in
particular at an early age, is required for design. An underestimation of the prestress losses
may lead to cracking uner service conditions and an associated reduction in section
efficiency which can lead to long term durability issues. In contrast, overestimating
prestress losses in a beam can lead to excessive camber and unnecessary additional elastic
shortening. Therefore, it is important to provide accurate prestress loss predictions to
ensure that the remaining prestressing force is adequate to control deflections of
prestressed members under permanent load. Guidance in current European (EN 1992-1-
1:2004) and American (AASHTO-LRFD) standards pertaining specifically to high strength
concrete is limited and has been identified as an area requiring further investigation.
Calculating reasonable estimates of early age prestress losses in prestressed beams that use
high strength SCC before they are made composite with the concrete bridge deck has also
not been studied extensively. There have been several experimental studies that have
investigated quantifying early age time-dependent behavior in prestressed concrete beams.
Examining the prestress losses that occurred during the first year, it was found that 90% of
the 1 year prestress loss took place within the first 4 months and that the prestress losses
were highly influenced by the concrete stiffness properties.

It was found that the measured prestress losses were 4-24% lower that the losses predicted
using Eurocode 2.
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Khayat and Mitchell [7] investigated the structural performance of four full-scale AASHTO
Type |l precast pretensioned beams constructed using SCC. Using embedded vibrating wire
strain gauges, it was identified that the SCC mixtures developed higher autogenous
shrinkage in the first 28 days and higher drying shrinkage and creep strains in the first 300
days compared to the control beams. The authors concluded that due to the greater drying
shrinkage values, SCC beams may experience higher prestress losses and smaller camber
values.

p. 896

Fibre optic sensor technology

In general, FOS offer several advantages over conventional sensors including being relatively
small and lightweight, resistant to corrosion and electromagnetic interference, and readily
embeddable into structural materials. When used in combination, these systems can
provide a highly detailed strain profile of a structural element.

p. 898

Monitoring programme

Table 1 also describes the time-dependent effects that were captured as part of the
recorded data at each of the monitoring stages.

p. 899

Fibre optic monitoring results and discussion

The following section presents the results recorded from the monitoring of the prestressed
beams during their first six months following casting. Results are presented chronologically
beginning with a summary of the tested concrete and prestressing steel properties, the
beam manufacturing process which includes the casting, curing and detensioning process of
the beams, and then presents the overall strain changes including readings taken at
approximately 3 months (storage outdoors in casting yard) and at approximately 6 months
(after beams were transported to site and lifted onto the bridge abutments). By recording
data at each of these stages, this study presents a detailed evaluation of the internal strain
evolution within the beams prior to being placed in service.

Self-compacting concrete was used to eliminate the need for mechanical consolidation and
to attain a higher quality finished concrete surface.

p. 903

Beam storage, transport and installation

Following the detensioning process, the beams were transported to an outdoor temporary
storage area within the prestressing yard prior to being transported to the bridge site. The
beams were cast in January 2015 and were not transported to site until July 2015 and
therefore, continued to undergo strain changes due to concrete shrinkage, creep and steel
relaxation.

p. 904

Similar to the TY7 beams these results indicate that the majority of the early age creep and
shrinkage experienced by the TYE7 beams occurred within the first 3 months after casting.
Early-age prestress loss estimation

Prestress loss predictions

Total prestress losses are divided into two components: instantaneous losses and time-
dependent losses. Instantaneous losses for prestressed concrete include the relaxation of
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steel prior to detensioning, losses associated with shrinkage of concrete, and the losses due
to elastic shortening of the concretet at the time of prestress transfer. The time-dependent
losses include long-term losses due to relaxation of steel, shrinkage and creep. Formulae
provided in Eurocode 2 have been used as the basis for calculating the predicted prestress
losses. Losses due to steel relaxation, elastic shortening of concrete, shrinkage, and creep
were all considered.

Tendon relaxation

Relaxation of the tendons, due to the loss of tension over time for a fixed length and
temperature, is a property of the steel and a function of the ratio between the initial
prestressing force and the tensile strength. Relaxation progresses more rapidly than either
concrete shrinkage or creep.

p. 905

Elastic shortening of concrete

After the concrete has reached adequate compressive strength, usually between 80 and
90% of fck, the prestressing strands are detensioned at the jacking head and the prestress is
transferred as a compressive force into the concrete. Both the concrete and the bonded
tendons shorten due to the applied compressive force, thereby reducing the prestressing
tension in the tendons. In cases where the tendon arrangements is such that the centroid of
the prestressing steel and the centroid of the concrete section are not concurrent, an
eccentricity, e, exists which causes an additional moment equal to the product of the total
prestressing force and the eccentricity This moment creates bending stresses in the section
and generates curvature in the beam resulting in an upward (negative) deflection or
camber.

p. 906

Combined calculation of time-dependent losses

Time-dependent losses are often calculated in a combined form to account for the
interaction between creep, relaxation and shrinkage as presented in Eq. (9).

p. 910-911

Conclusions

This study evaluated the early-age behavior of four full-scale prestressed concrete bridge
beams utilizing the combined technologies of distributed (BOTDR) and discrete (FBG) fibre
optic sensors. The entire curing and detensioning process of the beams were captured in
great detail along their length. Additional monitoring data captured the strain evolution of
the beams from just after they were detensioned up until they were lifted onto the bridge
abutments.

The fibre optic cables themselves could last as long as the structure itself with only the
optical connectors and analysers requiring long term attention.

It was hypothesized that the restraint created by the beam formwork led to locked-in
thermal strains that caused net tension in the top of the beam and net compression in the
bottom of the beam. Overall, this effect counteracted the early-age concrete shrinkage
strains and created insignificant prestress losses within the TYE7 beams prior to the transfer
of prestress.

The TY7 beams experienced slightly higher average prestress losses due to elastic shoreing
as compared to the TYE7 beams.
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In both the TY7 and TYE7 beams, the majority of the time-dependent losses (creep,
shrinkage and relaxation) occurred within the first three months after the beams were cast.
Strains along the lengths of the beams were uniform along both the tops and bottoms of all
beams during each stage of measurement.

Measured prestress loss values for the TY7 and TYE7 beams approximately 6 months after
casting were 79% and 72% of the ultimate prestress losses predicted by Eurocode 2,
respectively.

The theoretically calculated cambers (at time of detensioning) were within 9% of the
estimated cambers 9based on fibre optic sensor data) for the TY7 beams. In the case of the
TYE7 beams, the theoretically calculated cambers (at time of detensioning) overestimated
the estimated cambers (based on fibre optic sensor data) by 32%. By estimating the
cambers at various times up until the beam erection, they were found to increase
significantly (between 1.2 and 1.7 times the estimated camber at detensioning). This
preliminary study demonstrated the possibility of using the installed sensor system in
combination with simple beam theory to measure deflections under service load conditions.
The primary aim of this research was to demonstrate that integrated sensing systems can
become viable tools for monitoring strain evolution in concrete bridges and can be used to
establish comprehensive baselines to inform long term bridge monitoring and asset
management programmes.
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8. High Strength Concrete, Welded Wire Reinforcement (WWR), benefit/cost analysis, the
value of research
“Use of High Performance, High Strength Concrete (HPC) Bulb-Tee Girders Saves Millions on
[-10 Twin Span Bridge in New Orleans District”
Louisiana Transportation Research Center (LTRC) Implementation Update: Research in
Practice, Technology Transfer Program Final Reports 310, 382, and 395
By using high performance, high strength concrete, wider girder spacing was achieved for
the I-10 Twin Span Bridge. The use of 8,500 psi (59 MPa) design compressive strength
concrete allowed the use of six lines of girders spaced at 10 ft.-9 in. (3.28 m) rather than
seven spaced at 8 ft.-10 in. (2.69 m), which would have been required with a concrete
compressive strength of 6,500 psi (45 MPa). Furthermore, the use of 8,500 psi (59 MPa)
concrete allowed the BT-78 girder to span a length of 135 ft. (41 m).
In addition, with the lower permeability associated with high performance concrete, the
Louisiana Department of Transportation and Development (LADOTD) expects a minimum
75-year service life for the bridge instead of the standard 50-year service life for concrete
structures.
History
LADOTD has been gradually introducing high performance, high strength concrete into its
bridge construction program. At the same time, LTRC has been sponsoring research work to
address design and construction issues related to the utilization of high performance
concrete.
In 1988, a bridge project was used as an experiment to determine if a concrete compressive
strength of 8,000 psi (55 MPa) could be obtained on a production project. The contractor
achieved strengths over 6,000 psi (41 MPa), an improvement over standard strengths, but
generally fell short of the 8,000 psi (55 MPa) target.
In 1992, a 130-ft (39.6-m) long, square, prestressed concrete pile with a compressive
strength of 10,453 psi (72 MPa) was produced, shipped, and successfully driven without
damage as part of the State Route 415 Bridge over the Missouri Pacific Railroad.
In 1993, two bridges on the Inner Lop Expressway near Shreveport were built using AASHTO
Type IV girders with a 28-day specified compressive strength of 8,500 psi (59 MPa). A 1994
LTRC report recommended that LADOTD consider the implementation of concrete with
compressive strengths up to 10,000 psi (69 MPa) in a bridge and that the bridge should be
instrumented to measure long-term behavior [1]. This recommendation was implemented
with the design and construction of the Charenton Canal Bridge, which opened to traffic
November 1992 [2]. The successful construction of the Charenton Canal Bridge
demonstrated that a high performance concrete bridge could be designed and built in
Louisiana using locally available materials.
Research Results
Based on the results of the shear tests, it was determined that the existing limitation of
60,000 psi (414 MPa) for the design yield stress of transverse reinforcement cited in both
AASHTO specifications is conservative. Higher reinforcement yield strengths can be utilized
in the design of prestressed concrete beams. Welded wire deformed reinforcement can be
used as an equally effective alternate to deformed bars as shear reinforcement.
Benefit/Cost Analysis
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The value of research is sometimes hard to quantify. But in this case, using just one project,
researchers found huge savings. The calculations below are based on initial cost savings in

bulb-tee girders alone and do not include the reduction in bent locations and increase in
structure design life.
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Temperature variations on camber

“The effect of temperature variations on the camber of precast, prestressed concrete
girders”

Hang Nguyen, John Stanton, Marc Eberhard, and David Chapman

PCl Journal/September-October 2015

Abstract

It is important to estimate girder camber accurately because differences between expected
and actual camber can lead to construction challenges or girder rejection. Field
measurements of daily variations in temperature profile and camber for two precast,
prestressed concrete girders provided data with which to calibrate models of the effect of
temperature variations on camber. Using measured temperature profiles over the height of
the girder, the associated camber history was accurately computed, assuming a coefficient
of thermal expansion of 5.5 x 10-6 degree Fahrenheit. Two practical methods were also
developed using 164 observations from 24 girders. To implement the simpler method (peak
temperature camber method), the designer needs only to know the girder’s length and
depth and to estimate the maximum change in air temperature during the day, which is
available from meteorological stations. The errors in the resulting models had root mean
square average camber over time of about 0.1 in. (2.5 mm).

p. 48-49

The prediction of girder camber at a particular time is difficult because it depends on the
concrete properties, curing conditions, prestress losses, and temperature variations within
the girder, all of which vary with time. One contributor to this difficulty is the effect of
variations in the profile of internal temperatures over a day. Such variations induce thermal
strains, which, if they vary over the height of the girder, result in camber even in the
absence of external loads.

Thermal camber typically has the most important consequences during construction.

The methods proposed herein may be used for estimating thermal camber for a known
temperature environment. Knowledge of the thermal camber is expected to be helpful for
making appropriate elevation allowances when setting formwork for the cast-in-place deck
slab, for estimating the additional concrete required in the haunch over the girder, and, in
extreme cases, for ensuring that girders are not rejected for having camber that lies outside
the specified range.

p. 49-50

Previous Work

For the purpose of design, the American Association of State Highway and Transportation
Officials’ AASHTO LRFD Bridge Design Specifications provide four temperature gradients
corresponding to four solar radiation zones in the United States. The gradient depends on
the location of the bridge girder, the superstructure depth, and the materials in the
superstructure.

Barr monitored changes in camber of five simply supported I-girders during a day to
evaluate the bridge’s response to daily temperature variations. He found that the camber
varied by 0.63 in. (16 mm) between 9:00 a.m. and 9:00 p.m. in one day.

Hinkle observed that the cambers of three girders with an average length of 128 ft (39.0 m)
varied by up to 0.50 in. (13 mm) between 7:45 a.m. and 1:25 p.m. in the same day.
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The camber of the monitored girders varied during each day by 0.70 to 0.95 in. (18 to 24
mm) for girders ranging in length from 119 to 132 ft (36.3 to 40.2 m).
p. 50
Experimental program
All of the measurements discussed in this paper were taken approximately two months after
the prestressing force had been applied to the girder concrete, by which time the effects of
creep, shrinkage, and relaxation were expected to be constant over the course of any one
day.
p. 60
Conclusion
e The temperature profile in a precast concrete girder can be highly nonlinear during
the afternoon, with a large temperature gradient within the top flange.
e Both the temperature history camber model and the peak temperature camber
model had root mean square average camber errors over time of about 0.1 in. (2.5
mm) when applied to a range of girders, all with I-shaped cross sections. Such small
errors would not significantly affect the installation of girders onsite.
e The accuracy of the camber prediction depended on the details of the girder’s
exposure to the sun. It is possible that the differences in accuracy arise from
differences in temperature, humidity, or solar radiation conditions.
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10. Predicting camber
“Improving the Accuracy of Camber Predictions for Precast Pretensioned Concrete Beams”
Tech transfer summary
lowa State University, Institute for Transportation
Bridge Engineering Center
Problem Statement
Construction schedule delays and additional costs are common problems when the actual
camber of precast pretensioned concrete beams (PPCBs) are different from those expected
during bridge design.
Background and Research Overview
The camber of PPCB is relatively complex because it is sensitive to variations in several
parameters, including the mix design, tolerances on prestressing forces and moisture
control, bed configuration, curing process and handling, storage environment, and support
location during storage. In addition, the aggregate types, cement, and admixtures used on
the concrete mix play a significant role in the mix’s creep and shrinkage behavior, which in
turn significantly affect the long-term camber.
The method that the lowa Department of Transportation (DOT) was using to formulate the
camber for PPCBs frequently overpredicted the long-term camber of some of the most often
used long PPCBs in lowa bridges, while it underestimated the long-term camber of shorter
PPCBs.
Therefore, a systematic study was undertaken to identify the key parameters affecting
camber, needed improvements to construction practices, and potential refinements to the
predictive analytical models. The discrepancy between the predicted and actual camber is
reduced by addressing the concerns associated with each of these areas.
Objectives
e Quantify the engineering and time-dependent properties of concrete to reduce the
uncertainties associated with the variability of material properties in the camber
prediction of PPCBs
e Propose suitable refinements to the measurement approach to accurately capture
the instantaneous camber and recommend appropriate modifications to the PPCB
fabrication process to decrease variations in the camber of identical PPCBs
e Improve the method for predicting the instantaneous camber and verify the
accuracy of the method using data collected from PPCBs produced at three local
precast plants
e Address the long-term camber variability resulting from thermal effects and the
locations of temporary supports
e In conjunction with the measured field data and the accurate analyses of PPCBs,
develop a new set of multipliers to predict the camber accurately when the PPCBs
are erected in the field
Material Characterization
Three normal concrete (NC) and four high-performance concrete (HPC) mix designs,
which were representative mixes from three precast plants, were investigated for their
engineering and time-dependent properties.
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e The AASHTO LRFD creep and shrinkage models were found to give the best
estimates when compared to the measurements taken from the four HPC and
three NC mixes over one year.

e Shrinkage strains taken from sealed specimens corresponded well with the
strains obtained from a segment of full-scale PPCB, suggesting that strains taken
from sealed rather than unsealed specimens would produce more realistic
creep and shrinkage strains for PPCBs.

Instantaneous Camber Measurements

Using data collected for 105 PPCBs from three precast plants, the causes of error

associated with the instantaneous camber measurement were investigated. The

following conclusions were drawn:

e Values obtained from field measurements showed that the camber on
average is affected by 0.030 in. +/- 0.062 in. due to bed deflection, 0.392 in.
+/-0.294 due to friction between the beam and steel bed, 0.099 in. +/-
0.142 in. due to the inconsistent top flange surfaces along the beam length,
and 0.113in. +/- 0.119 in. due to inconsistencies in the top flange surfaces
resulting from local effects.

e Data obtained from the PPCBs at the transfer of the prestress by tape
measure, rotary laser level, and string potentiometers showed good
agreement when adjusting for possible camber measurement errors.
Despite good agreement between the tape measure and rotary level, tape
measure data are easily affected by human error and are not
recommended.

e The reverse friction is small in magnitude and can be ignored. The
contribution of vertical displacement due to the friction can be obtained by
lifting/setting the PPCBs on the precast bed and then taking the camber
measurement.

Instantaneous Camber Predictions

Challenges faced in predicting the instantaneous camber during design are related

to the designer’s ability to accurately estimate the material properties and model

the applied forces exerted on the PPCB after accounting for the effect of the
prestress losses. Therefore, using the moment area method, different parameters
affecting the instantaneous camber prediction, including the modulus of elasticity,
prestress force, prestress losses, transfer length, influence of sacrificial strands, and
section properties, were investigated.

The instantaneous camber was consequently predicted using the AASHTO modulus

of elasticity based on the measured compressive strength with due consideration

given to the applied prestress force, prestress losses, the AASHTO transfer length,
sacrificial prestressing strands, and transformed moment of inertia.

Comparing these results with the measured camber of 50 PPCBs, for which

measurement errors were eliminated, produced an agreement of 98.2 +/-14.9%,

which is a significant improvement in the predictive accuracy of the instantaneous
camber.
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Long-Term Camber Measurements

The resulting overhang length was found to vary from less than 20 in. (0.015 L,
where L is the overall length of the beam) to as high as 87 in. (0.05 L), with a mean
overhang length of L/30. As a consequence, the researchers found that long-term
camber is affected by the overhang length.

Variations from expected trends in the long-term camber data, including unusually
high camber at early ages and a reduction or no significant increase in camber, were
frequently observed. Because the camber measurements were performed at
different times during the day, the thermal effects created by the vertical
temperature gradients down the beam depth were suspected to be contributing to
the scatter in the data.

An investigation of the thermal effects of 22 PPCBs confirmed the effects of the
temperature gradients on the long-term camber. The researchers found that

temporary camber growth of as much as 0.75 in. is possible on a warm summer day,

which explains the unusual trends in long-term camber.
Long-Term Camber Predictions

Based on a sensitivity analysis, the scatter in the long-term camber data was
adequately captured by using a linear temperature gradient down the beam
depth with a temperature difference of 15 degrees Fahrenheit between the
top and bottom flanges.

By incorporating the 15 degrees Fahrenheit temperature difference in the
long-term camber predictions, the corresponding errors were reduced to -
1.2% +/- 10.7% and -14.7% +/- 22.5% for the large- and small- camber
PPCBs, respectively.

Key Findings

When AASHTO LRFD is used to estimate the modulus of elasticity, the
release strength should be taken 40% and 10% higher than the specified
concrete strength for PPCBs when the design value is in the 4500-5500 psi
and 6000-8500 psi range, respectively.

The sources of errors caused by the current instantaneous camber
measurement techniques were identified and subsequently eliminated by
the proposed measurement technique.

By isolating the measurement errors from the errors caused by the
prediction methods, the accuracy of the instantaneous camber prediction
was improved using a combination of appropriate material properties and
design procedures.

Using the FEM of the PPCBs developed with consideration given to
measured creep and shrinkage, thermal effects, and changes in the
prestress and support locations significantly improved the accuracy of the
long-term camber predictions.

The multipliers, which include adjustments for the overhang and thermal
effects, improved the long-term camber predictions compared to those
from the method used by the lowa DOT.
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Recommendations for Precasters and Contractors
To eliminate the differences in the camber due to the measurement technique, a
simplified procedure was formulated that can be used by both precasters and
contractors to accurately measure the camber.
Observations and independent camber measurements at three separate precast
plants led to the following recommendations for minimizing the difference between
the expected and measured camber of PPCBs:
e The camber is highly sensitive to the prestress force; therefore, monitor and
apply the designed prestress force as accurately as possible.
e Aim for reaching and not exceeding the design strength of concrete at the
transfer of prestress.
e Ensure consistency of the concrete mixes and base materials (e.g.,
aggregates) regardless of the time and day of casting.
e Ensure consistent curing conditions and ensure that PPCB curing conditions
match those of the sample cylinders used for obtaining the release strength.
e When there is change in material or the curing process, time-dependent
properties including creep and shrinkage behavior of concrete should be
appropriately revised.
e Minimize the error in the instantaneous camber of identical PPCBs cast on
different beds or at different times or days.
e Use the proposed camber measurement procedure to measure
instantaneous camber.
e When PPCBs are stored in precast plants, use an overhang length of zero or
L/30 (where L is the PPCB length).
Implementation Benefits
Implementing the study recommendations is expected to significantly improve the
accuracy of the camber measurements and predictions.
As a result, the difficulties during bridge construction by the inaccurate camber
values when the PPCBs are erected on-site will be alleviated, thereby reducing
construction schedule delays, improving bridge serviceability, and decreasing costs.
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11. Prestress losses, Camber Growth, Self-Consolidating Concrete (SCC)
“Prestress losses and camber growth in wing-shaped structural members”
Marco Breccolotti and Annibale L. Materazzi
PCl Journal/January-Febrary 2015
p.98

e An experimental program on pretensioned wing-shaped members has investigated
the evolution of prestressing stresses and camber during the different stages of
concrete hardening.

e The result allowed the careful evaluation of prestress losses in the first three weeks
during concrete placement and curing, emphasizing the influence of temperature
history on prestress losses and calibrating parameters for the prediction of camber
growth.

e (Calculations based on Eurocode 2 equations compared favorably with the data,
indicating that these equations can be applied to prestressed wing-shaped members
made of self-consolidating concrete as investigated in the present work.

The exploitation of the mechanical properties of the materials, the prestress force necessary
to ensure an appropriate load-carrying capacity and the requirement for in-service camber
for aesthetic and functional reasons necessitate monitoring of prestress and camber.
Inaccurate prediction of the camber can lead to unsatisfactory service conditions.

p. 99

According to their findings, current analytical techniques, such as the time-step method, can
correctly predict the camber provided that the material properties are accurately known.
The found that high curing temperatures during fabrication can reduce the calculated
prestress by up to 7%, reduce the initial camber by up to 40%, and increase the in-service
bottom tensile stress by up to 27%.

p. 100

Attention was also placed on the use of self-consolidating concrete (SCC). In fact, while
most of the properties of hardened SCC are comparable with those of conventional
concrete, the modulus of elasticity at release Eci, which plays an important role in the
evaluation of prestress losses, has been found to be less than that of conventional concrete
mixtures with comparable compressive strength of concrete at release fci.

p. 112

Calibration of the corrective terms for camber prediction

The numerical procedure to evaluate the total camber at release and at time t was adjusted
to take into account the effective material properties and the effective prestress losses that
depend on the ambient temperature, on the strand tensioning procedure, and so on, but
also on the uncertainties due to variation in relative humidity, temperature distribution,
effective surface area in contact with the environment, and manufacturing tolerances
(mainly referring to the actual geometry of the sections).

p. 113

No corrective term has been used for the deflection due to self-weight because the
theoretical estimate can be considered reliable.

Figure 15 plots the ratios between the experimental camber and the camber predicted by
Eg. (7) and Eq. (8). Good agreement has been found for the camber at 14 days, with a ratio
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between the experimental and the theoretical values between 0.95 and 1.10. Slightly worse
results have been found for the camber at release.
p.113-114
Conclusion

e The temperature history has a non-negligible influence on the development of

prestress losses for steel relaxation and concrete creep.

Appropriate corrective actions are proposed as well to reduce as much as possible the
prestress loss during concrete casting, curing, and hardening, and suitable values for the
design parameters have been calibrated to correctly predict prestress losses and camber
growth.
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12. Camber, prestress losses, High Performance Concrete (HPC)
“Camber and Prestress Losses in Alabama HPC Bridge Girders”
J. Michael Stallings, Ph.D., P.E., Robert W. Barnes, Ph.D., Sam Eskildsen
PCl Journal/September-October 2003
p.90-91
Overestimation of camber and prestress losses for high performance precast concrete
bridge girders may discourage the efficient use of longer spans.
Current analytical techniques can result in accurate predictions of camber and prestress
losses for HPC girders if the material properties used in the analysis are representative of
the actual concrete used in girder production.
The combination of longer span lengths and higher prestressing forces may lead to large
calculated cambers and prestress losses. Overestimating camber and prestress losses
during the design stage may unfairly discourage the use of high strength concrete and long
spans — ultimately nullifying the potential increase in efficiency.
Camber is a function of time-dependent concrete creep and loss of prestress force.
Prestress loss is also a function of creep, as well as concrete shrinkage and steel relaxation.
Research in North America has shown that HPC tends to exhibit less creep and shrinkage
than conventional concrete®3. This improved performance results in reduced time-
dependent effects on camber and prestress losses. Methods for estimating camber and
prestress losses that were developed for conventional concrete mixes may not provide
accurate results for HPC bridge girders.
The work presented here constitutes an investigation of the accuracy of existing methods
for calculating camber at the time of erection for standard AASHTO girders fabricated with
HPC. Applications of these methods to predict the time-dependent behavior of actual HPC
bridges are scarce in the literature.
p.92
Although the design 28-day compressive strength for the girder concrete was approximately
6500 psi (45 MPa), actual strengths averaged approximately 9300 psi (64 MPa). These
researchers recommended that prestress loss prediction techniques be updated to reflect
the properties of the rapidly changing materials used in pretensioned concrete construction.
Prestress losses predicted by incorporating measured material properties into the PCl
general time-step approach!* were 5 to 10 percent larger than measured in the
instrumented girders. Camber measured at an age of 60 days for the girder containing a
limestone coarse aggregate was well predicted by the PCI multiplier method.® However,
this method over-estimated the 60-day camber by approximately 2 in. (50 mm), or 40
percent, for the girder containing a glacial gravel coarse aggregate.
Predicted values of initial camber were significantly higher than those measured. However,
the difference between experimental and analytical results remained approximately
constant with time, indicating that the time-dependent growth of camber predicted by the
time-step analysis closely matched that exhibited by the instrumented beams. Thus, the
researchers suggested that the disagreement between measured and predicted values
might be due to an underestimation of the modulus of elasticity of the concrete in the
beams.
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p.93
The coarse aggregate was No. 67 crushed limestone for the first twelve castings.®
Specified minimum release and 28-day compressive strengths were 8000 and 10,000 psi (55
and 69 MPa), respectively.
p.94
The HPC mix used in this study appears to undergo roughly half as much creep as predicted
by the ACI 209 method for standard conditions.
p.95
Modeling of Prestress Losses
Prestress losses in pretensioned girders result from five primary factors: seating at the
strand anchorages, elastic shortening, strand relaxation, concrete shrinkage, and concrete
creep.
Relaxation is a reduction in strand stress without a corresponding change in strain.
p.98
Material and Geometric Properties
The ACI 209R-92 correction factors for these girders are listed in Table 5. An average
relative humidity of 70 percent was taken from Reference 23 for the central Alabama area.
p.99
TEST RESULTS
Camber
Use of the standard parameters results in overestimation of camber. The average age for
the measured cambers is 200 days; the average camber is 4.44 in. (113 mm), and the
standard deviation is 0.27 in. (7 mm).
The 200-day camber calculated using the HPC parameters is 4.18 in. (106 mm), which is 6
percent less than the average measured camber. The calculated 200-day camber resulting
from use of the standard parameters is 5.49 in. (139 mm), which is 24 percent greater than
the average measured camber.
Erection cambers are generally considered to correspond to ages of 30 to 60 days. Final
cambers correspond to long-term cambers years into the future.
p.100
These results indicate that both the incremental time-steps method and the approximate
time-steps method can produce good estimate of girder cambers when material parameters
are accurately known. Data from this study suggest that accurately modeling the creep
characteristics of the concrete is a necessary step towards accurately estimating camber.
Strains
As it did for camber, use of the standard parameters significantly overestimates the strains.
p.101
Prestress Losses
For example, a loss in prestress force causes a loss in camber and an increase in tensile
strain at the level of the prestress.
p.102
CONCLUSIONS

1. Accurate predictions of camber are possible using the incremental time-steps

method and the approximate time-steps method with material parameters that are
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representative of the actual concrete used in girder production. Cambers calculated
by both methods using the HPC material parameters agreed well with the measured
cambers.

2. New analytical techniques for camber prediction are not required for HPC.
However, accurate predictions require the use of accurate material parameters.
Cambers calculated using standard material parameters consistently exceeded
measured values. This error resulted primarily from overestimation of the shrinkage
and creep characteristics of the HPC.

3. Measured cambers were significantly less than the camber at erection estimated
using the PCI multipliers method.

5. Time-dependent losses calculated using the incremental time-steps method with

HPC material parameters showed good agreement with measured time-dependent

losses.

6. AASHTO bridge design specifications may overestimate prestress losses due to

creep and shrinkage in HPC girders.

p.102-103

RECOMMENDATIONS

1. If accurate estimate of camber or prestress losses in HPC girders are required, tests

of representative concrete should be performed to assess the relevant material

properties.

2. Currently available analytical techniques for computing camber and prestress losses

are adequate provided that the correct time-dependent material properties are

appropriately integrated into the selected procedure.
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13. prestress losses

“Prestress loss calculations: Another perspective”

David B. Garber, Jose M. Gallardo, Dean J. Deschenes, and Oguzhan Bayrak

PCl Journal/May-June 2016

p.68

The accuracy, precision, and conservatism of prestress loss estimation must be carefully
balanced to ensure a safe, serviceable, durable, and economically viable girder. When
prestress loss is underestimated, the designer assumes a greater stress in the strands
than is actually present. This underestimation can lead to service-load cracking and
long-term durability concerns due to corrosion. Overestimation of prestress loss may
lead to uneconomical designs and large cambers, which are both a result of an excessive
number of strands being required.

p.69

Attempting to improve the accuracy of prestress loss estimation and applicability to
modern materials and structural shapes, the National Cooperative Highway Research
Program (NCHRP) project 18-07 was funded in 2000.! The end product of this research
was NCHRP Report 496, which provided new approximate and refined methods to
estimate prestress losses. The NCHRP Report 496 methods were then incorporated into
the American Association of State Highway and Transportation Officials” AASHTO LRFD
Bridge Design Specifications, 3™ Edition-2005 Interim Revisions with minimal
modifications.

The prestress loss procedure found in the PCI Bridge Design Manual will also be used as
a point of comparison in this paper to show differing design philosophies.

Experimental procedure

The research conducted for this project was accomplished through full-scale
experimental testing,” the assembly of a comprehensive experimental database,® and an
analytical study investigating the sensitivity of the refined AASHTO LRFD specifications
procedure and the design implications of its use.

Experimental program

In total, 30 full-scale pretensioned, precast concrete beams were fabricated to provide a
relevant experimental basis for investigating the parameters influencing prestress loss
and in order to assess the existing prestress loss provisions.

The concrete and coarse aggregate types were intentionally varied from series to series
to investigate their effect on prestress loss. Series | and lll were fabricated in San
Antonio, Tex., with conventional concrete and limestone coarse aggregate; series Il was
fabricated in EIm Mott, Tex., using conventional concrete and river gravel coarse
aggregate; and series IV was fabricated near Eagle Lake, Tex, using both conventional
and self-consolidating concrete with river gravel coarse aggregate.

The specimens were conditioned at a total of five different storage locations across the
state of Texas in order to investigate the effect of different relative humidities: San
Antonio (average relative humidity RH of 63%), Austin (62%), Lubbock (51%), EIm Mott
(63%), and Eagle Lake (75%).
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p.70

The relative humidity of the conditioning sites and the modulus of elasticity of concrete
at time of release Eci for each of the different concrete mixtures is also included in the
figure. The stiffness of the concrete had the most effect on the development of
prestress loss. The beams made with concrete with a greater modulus of elasticity
(series Il and IV) developed significantly smaller prestress losses than those made with
concrete with a lesser modulus of elasticity (series | and Ill). The relative humidity had
only a slight effect on the prestress loss development, with a higher relative humidity
generally resulting in slightly smaller prestress losses.

p.72

The average relative humidity of the conditioning locations varied from 45% to 80%,
with the majority of the specimens being conditioned in climates with an average
relative humidity between 60% and 70%.

In addition, a variety of concrete mixtures with different types of aggregates are
captured within the evaluation database. The majority of the specimens were
fabricated using conventional concrete, though some specimens were fabricated using
self-consolidating concrete. The two main types of coarse aggregate used in common
practice (river gravel and limestone) make up the majority of the specimens in the
database. Concrete release strengths within the database range from 4.0 to 13 ksi (28
to 90 MPa) and concrete 28-day strengths range from 5 to 15 ksi (34 to 103 MPa), with
89 of the 140 specimens attaining a 28-day compressive strength of more than 10 ksi
(69 MPa).

Analytical investigation

A parametric study was undertaken to investigate the influence of various inputs on
output loss estimation parameters (sensitivity analysis) and assess the impact of
prestress loss estimation on beam design (impact analysis).

Sensitivity analysis

A sensitivity analysis was conducted on the 2012 AASHTO LRFD specifications’ loss
procedure using an extreme value analysis. In an extreme value analysis, the effect of
the maximum and minimum possible values for the input variables on the output
parameters is investigated. For this study, the extreme value analysis was used to
investigate the effect that various input parameters have on the calculation of the
different component of prestress loss.

Two different factorial designs were used in the experimental design for the extreme
value analysis, one factor at a time (Table 1) and full factorial (Table 2). The one factor
at a time design was used to investigate the effect of each individual input variable on
the output variables. For this analysis, only one variable is set to a design extreme while
the other input variables are kept at an average value (Table 1).

p.73

The general trends observed in the one factor at a time analysis can be observed in the
input parameters’ effect on the total prestress loss (Fig. 3). A larger spread in the plot
signifies that the input variable (for example, cross-section type) has a significant effect
on the output (for example, the total prestress loss). The concrete release strength and
the beam length were found to have the largest impact on the total prestress loss
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estimate. The cross-section size, relative humidity, and coarse aggregate correction

factor were each found to have a relatively similar impact on the loss estimate. The

time of deck placement does not significantly affect the loss estimate.

p.74

Optimizing existing methods

The concrete material models®** typically have been developed and calibrated based

on comprehensive creep and shrinkage databases primarily composed of standard

concrete cylinder size samples (4 in. [100 mm] diameter and 8 in. [200 mm)] length). The

researchers found that these models did not adequately represent the observed

behavior in full-scale prestressed beam specimens (when directly implemented).

p.76

The simplicity of the various proposals was investigated by comparing the total variables

and total number of mathematical operations required to estimate the final prestress

loss for each of the procedures,

e The PCl Design Manual has approximately 40 operations and 14 variables.

e The 2004 AASHTO LRFD specifications has approximately 40 operations and 12
variables.

e The 2012 AASHTO LRFD specifications has approximately 600 operations and 70
variables.

e The proposed method has approximately 60 operations and 24 variables.

p.77

Consideration of typical construction details

Two different variables introduced in the 2012 AASHTO LRFD specifications procedure

were found to have minimal variation throughout the analytical investigation, the

transformed section coefficient Kid and the shape factor ks. Figure 7 shows a small

sample of these results. The transformed section coefficient was found to always fall

between 0.8 and 0.9 for typical bridge configurations in which the prestress loss would

affect design. The shape factor was found to nearly always be 1.0 (other than in a few

situations where it was only up to 1.05). With these two observations in mind, the

procedure was simplified by setting the transformed section coefficient to 0.9 (a

conservative simplification) and setting the shape factor to 1.0.

p.78

As the concrete release strength increases, the conservatism of the 2012 AASHTO LRFD

specifications’ prestress loss estimate decreases, as demonstrated by the line of best fit.

From the investigation of the elastic shortening procedures, there was little variation

observed between the performances of each of the methods. For this reason, a gross-

section approximation was chosen because it offered both conservatism and simplicity.

p.82

Conclusion and recommendations

In the authors’ opinion, additional complexity is warranted if a benefit from it can be

derived in terms of accuracy and/or precision. The 2012 AASHTO LRFD specifications do

not offer additional precision over the procedure proposed in this paper and is 10 times

more computationally intensive. Approximately 600 mathematical operations are
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required for the AASHTO LRFD specifications’ prestress loss procedure compared with
the 60 operations required for the proposed procedure.
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14. probabilistic comparison of prestress loss methods, variability of prestress losses
“A Probabilistic Comparison of Prestress Loss Methods in Prestressed Concrete Beams”
Christopher G. Gilbertson, P.E and Theresa M. (Tess) Ahlborn, Ph.D., P.E.

PCl Journal/September-October 2004

P.52-53

Camber and long-term deflections are directly linked to the loss of prestressing force, a
characteristic of all prestressed concrete members. In this investigation, the effects of
the inherent variability of the parameters used to estimate prestress loss was studied
for two typical bridge beam cases using several prestress loss predictive methods at final
service conditions: A parametric study was conducted to assess the general effect of
single parameter variation on the calculation of prestress loss. Monte Carlo simulations
were used to assess the distribution of prestress loss considering the variability of all
parameters simultaneously. Results of the Monte Carlo simulations were also used to
evaluate the impact of loss variability on deflection and cracking moment calculations.
Results show that the variability of parameters has a notable effect on prestress loss
variation and that this variation significantly influences the estimated deflection and
cracking moment of prestressed concrete beams. Indeed, the variation in camber
between beams cast on the same prestressing bed can be partially explained through
the variability of materials and predictive methods used.

Loss of prestress is a characteristic of all prestressed concrete members wherein the
level of prestress force first applied to the member is reduced over time due to short-
and long-term conditions. Many methods have been used to estimate the prestress
losses in prestressed concrete members. These methods produce discrete values
representing the expected losses, and vary considerably in both length and complexity
of calculations. The methods consider many factors in their respective calculations but
do not consider the effect of variability due to the parameters such as concrete
strength, strand stress, strand area, dimensional properties, and environmental
conditions. The purpose of this study was to investigate the effect of input variation on
the computed losses from six common methods used to estimate prestress losses.
BACKGROUND

An accurate prediction of the prestress loss in a prestressed concrete member is
important in the design phase to assess the expected behavior of the member over its
life. Calculated losses are used to predict service conditions such as expected concrete
stress levels, camber, deflection, and cracking loads. However, an accurate prediction of
prestress loss is difficult because of the complex interaction between the various source
of losses and the inherent non-homogeneity of concrete members.

The primary objective of the research presented herein was to compare the variability
of total prestress losses computed by several methods while accounting for parameter
variability through a probabilistic assessment.

p.61

DISCUSSION OF RESULTS

Those parameters having the greatest effect on total losses were initial strand stress,
initial concrete strength at release, relative humidity, and strand eccentricity.
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p.62-63

CONCLUDING REMARKS

Prestress losses, as well as camber and deflection, are affected by several parameters
with inherent variability. This study compares predictive methods for prestress losses
and the impact of losses on predicted camber and deflection due to the variability of
parameters used for such predictions.

For the two typical bridge systems studied herein, the primary influencing parameters
were jacking stress (fpj), compressive strength of concrete at strand release (f'ci),
relative humidity (RH), and eccentricity of strand €. The inherent variability of these and
all prestress loss parameters, compounded by the complex interactions of prestress loss
predictions, helps to justify camber and deflection variations often seen in the field.
Lastly, the authors hope that this study will provide designers with some insight into the
relative importance of the various factors that influence the determination of prestress
losses.
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15. effects of production practices on camber

“Effects of production practices on camber of prestressed concrete bridge girders”
Tyler K. Storm, Sami H. Rizkalla, and Paul Z. Zia

PCl Journal/Winter 2013

p.96-97

e This paper presents the results of research to investigate factors related to
prestressed concrete girder production that could affect the camber and to
recommend camber prediction methods.

e These factors include higher concrete compressive strengths that specified,
curing method, girder type, changes in cross section due to deformation of
internal void forms, strand debonding, and transfer length.

e Arefined camber prediction method was developed that uses creep coefficients
and prestress losses based on the 2010 AASHTO LRFD Bridge Design
Specifications. An approximate method based on the PCI camber multipliers
was also proposed. Both methods compared well with the measured cambers
of 382 prestressed concrete bridge girders, though the former was more
accurate for the majority of girders.

Accurate predictions of camber and deflection often pose a challenge for bridge

engineers. Excessive discrepancy between the predicted and actual camber can

cause problems for deck construction. Many state departments of transportation

(DOTs) have previously investigated some aspects of this problem?® and found

considerable variations between the predicted and actual cambers. For example,

Kelly et al.! noted that the camber for eight identical American Association of State

Highway and Transportation Officials (AASHTO) Type IV girders that were 127 ft

(38.7 m) in length varied from 2 to 6 in. (50 to 150 mm) at the time of prestress

transfer. Several other studies*®® also examined this issue relative to the use of

high-strength concrete.

To predict camber accurately is difficult because camber depends on many random

variables, some of which are interdependent and change over time. Some of the

most important variables are the compressive strength and elastic modulus of
concrete, amounts of creep and shrinkage, thermal gradients within the girder, and
the time-dependent variations in prestressing force. When predicting camber at the
design stage, bridge engineers typically calculate prestress losses and concrete
properties based on the specified concrete strength at various ages because they
have no knowledge of the actual concrete properties prior to manufacture. Camber
is also influenced by the time history of loading and environmental conditions.

Complicating matters further is that camber is the net result of two large opposing

guantities: upward deflection due to prestress and downward deflection due to

dead loads. Because these two quantities are each subject to some inherent
variability, one cannot expect to always predict the net camber accurately.

p.97-98

The 2010 AASHTO LRFD Bridge Design Specifications provide both simplified and

detailed methods for estimating creep, shrinkage, and prestress losses. They also

require camber and deflection to be calculated but do not provide specific
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procedures. The PCl Design Handbook: Precast and Prestressed Concrete
recommends the approximate method developed by Zia et al.2? for estimating loss
of prestress and provides a simplified procedure for camber and deflection
calculation using multipliers, a concept originally developed by Martin.*

These PCl methods were developed more than 30 years ago, largely based on the
properties of lower-strength concrete than what is typically used today and
calibrated primarily against the performance of prestressed concrete building
members. The specified constant multipliers account for the creep effect due to
sustained load and are suitable for conventional building designs under average
environmental conditions. For bridges, more detailed analysis methods are needed
to account for widely varying environmental conditions and other time-dependent
factors. However, many commercially available design software programs and even
in-house developed design software programs used by state departments of
transportation and others have used the constant multiplier method because of its
simplicity. These programs are still being used today by many bridge designers in
both the public and private sectors.

In 1985, Tadros et al, **developed refined time-dependent multipliers for long-term
deflection calculations and a refined method for estimating prestress losses. These
refined approaches, unlike the PCI method, would account for the effects of various
environmental conditions and the presence of nonprestressed steel reinforcement,
which tends to restrain creep and shrinkage of concrete.

The PCI Bridge Design Manual provides excellent commentaries on the complexity
of estimating prestress losses and its implications on design. Methods for
estimating loss of prestress prescribed by the AASHTO LRFD Bridge Design
Specifications are described and illustrated by examples. The PCI Bridge Design
Manual also recommends a set of multipliers for computing long-term camber and
deflection but cautions that the use of the multipliers only gives “reasonable
estimates of cambers at the time of erection” and “the method does not properly
account for the significant effects of a large cast-in-place deck.” It also warns
designers that “prestressing levels should not be increased in order to reduce or
eliminate long-term downward deflection that might be predicted if the give
multipliers are used.”

Based on the camber measurements, it was shown that the PCl Design Handbook
multiplier method significantly overestimated the camber at the time of girder
erection. Both the approximate time-step method and the incremental time-step
method predicted camber reasonably well.

The most important factors in camber prediction are the elastic modulus and creep
of the concrete, which vary with its constituents, the production process, and age.
For example, Tadros et al.® showed that the stiffness of the coarse aggregate used in
the concrete, which typically varies with the aggregate source, can introduce
significant variations when estimating elastic modulus. They recommended the
application of an elastic modulus adjustment factor K1, applied to the 2004 AASHTO
LRFD specifications equation to account for aggregate stiffness. Their
recommendation was subsequently adopted in the AASHTO LRFD specifications

Appendix Page 312



beginning with the 2005-2006 interim revisions. Kelly et al.! also noted that the
actual concrete compressive strength is often much higher than the specified
strength.

Based on their study of eight prestressed concrete girders with specified 28-day
strengths of 6500 psi (45 MPa), they found that the average measured 28-day
strength was approximately 9300 psi (64 MPa), more than 40% higher than the
specified strength. This discrepancy results in a higher elastic modulus than would
be predicted using the specified strength, consequently reducing the measured
camber compared with the predicted value. Tadros et al,® also observed that it is
typically assumed by the designer that the time for prestress transfer s one day after
girder casting, though it is fairly common in practice to allow girders to cure over the
weekend, thus delaying the prestress transfer. The extra curing time allows the
elastic modulus of the concrete to become higher than the value predicted for early
prestress transfer, resulting in poor predictions of initial camber. Because creep is
sensitive to the strength of the concrete at the time that prestress transfer occur, it
could also lead to poor predictions of camber at later stages.

The prestressing force may also be affected by the thermal expansion of the
prestressing strands, prior to prestress transfer, caused by changes in the concrete
temperature during curing. Bruce et al.” showed that due to cement hydration
during concrete curing, the temperature of the strands can increase, causing a
reduction of the prestress force by as much as 11% due to thermal expansion.
However, because the concrete likely bonds to the steel within six to eight hours of
casting, some portion of the force would likely be regained with cooling. They
estimated that the loss of prestress due to this effect was approximately 6%.

Tadros et al.2 noted that thermal gradients can develop through the depth of the
girder due to uneven heating and cooling or due to solar effects. This gradient can
temporarily cause additional camber or deflection in the girder, thereby introducing
scatter into the camber measurements. Byle et al.® estimated that thermal gradient
effects could produce deflections of approximately 0.5 in. (13 mm) for the U girders
that they studied, which ranged from 115 to 145 ft (35.1 to 45.2 m) in length.

This paper presents the results of study® conducted by the authors, including field
and laboratory measurements, to examine the various parameters affecting the
camber predictions, with particular attention to factors related to girder production.
Based on the finding of this study, two camber prediction methods are proposed
and compared with the results obtained from the field.

Field and laboratory measurements

A large number of companion cylinders for each girder were also obtained from the
producers to determine compressive strength, elastic modulus, and unit weight in
the laboratory at different ages. In general, camber was measured for each girder
immediately after prestress transfer, at the beginning of storage in the yard, prior to
shipment to the bridge site, and after erection.

Factors affecting the prediction of camber

Several factors related to the production of prestressed concrete girders were found
to significantly affect the prediction of camber. These include the concrete
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properties, deformation of the internal voids of box beams and cored slabs during
casting, strand debonding, prestress transfer length, temperature changes in the
strands after initial stressing, production schedule, and curing method.

p.99-100

Concrete properties

Predictions of prestress losses and camber depend on the properties of the concrete
being used for the girder. Important properties are the compressive strength and
the elastic modulus.

Compressive strength

To ensure acceptance, each girder producer generally has several preapproved
concrete mixture designs that will produce quality concrete with average
compressive strength significantly higher than the minimum strength specified by
the DOT. Therefore, the elastic modulus is generally underestimated by using the
specified strength. Similarly, the prestress losses, which are also related to the
concrete strength, may be overestimated. Therefore, to improve the predictions of
camber and prestress losses, it is critical to have a good estimate of the actual
compressive strength.

Based on the collected data for the girders included in this study, the average ratio
of the measured compressive strength at prestress transfer to the specified strength
at transfer was found to be 1.24 with a range of approximately 1.0 to 2.1 (Fig. 3).
Based on this result, it is recommended that the concrete strength at prestress
transfer to be used for predicting camber fci be calculated using Eq. (1). Fci* = 1.25
fci

A similar analysis of the test results for 78 sets of concrete cylinders showed that
the average ratio of the measured 28-day compressive strength to the specified 28-
day strength was 1.45 with a range of approximately 1.0 to 2.2 (Fig. 4). Based on
this result, it is recommended that the 28-day compressive strength to be used for
predicting camber fc should be calculated using Eq. (2). Fc* =1.45fc

For production in other states, it is advisable to validate the two coefficient in Eq. (1)
and (2) based on local/regional conditions.

Elastic modulus

To evaluate the accuracy of the AASHTO LRFD specifications equation for estimating
the elastic modulus of concrete Ec, the average ratio of the measured elastic
modulus to the predicted value for girders produced for North Carolina Dot
(NCDOT) bridges was calculated. The average ratio for 153 concrete cylinders
tested in the laboratory was found to be 0.85 with a range of approximately 0.62 to
1.15. Based on this analysis, it is recommended that the 2010 AASHTO LRFD
specifications equation be used to predict the elastic modulus for the camber
predictions with the aggregate adjustment factor K1 taken as 0.85 and the unit
weight of concrete wc taken as 150 lb/ft?

p.101-102

Debonding and transfer length

Partial debonding of prestressing strands near the ends of prestressed girders
reduces the prestressing moment in this region and thus reduces the camber. The
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prestressing moment is also reduced over the transfer length at the ends of a girder.
However, both effects are typically ignored in camber calculations by the design
engineers. Based on an analysis of the 382 girders in the database, considering the
effects of debonding and transfer length reduced the predicted camber by less than
3% for the vast majority of the girders. The effect was more pronounced, however,
for girders having partial debonding lengths of approximately 10 ft (3 m) or greater
at each end, for which the error could be as high as 13%.1%2° Based on this analysis,
it is considered appropriate to include the effects of debonding and transfer length
when calculating camber, particularly for girders with long debonding lengths.
p.102

Temperature of the strands

Prior to prestress transfer, the prestressing force was found to vary according to the
temperature in the strands after initial stressing due to thermal expansion of the
strands. Significant temperature fluctuations can be caused by exposure to the sun,
cement hydration-induced heating during curing, or heat curing. A theoretical
analysis as well as direct measurements showed that the prestressing force could be
temporarily reduced by more than 7% due to this effect.

Girder production schedule

It is typically assumed when predicting camber that transfer of the prestressing
force will occur one day after casting, and the elastic modulus and prestress loss
calculations are therefore based on this assumption. However, it is often the case
that the girders remain in the forms over the weekend, with prestress transfer
occurring after three days. Because creep is highly sensitive to the concrete
properties and prestressing force at the time of prestress transfer and because both
of these properties are changing rapidly during this time, the delay has the potential
to affect the predictions of both the initial and long-term cambers. In addition, the
timing for casting the composite deck often varies greatly from project to project.
Some girders are kept in storage for several months and in extreme cases up to a
year before being shipped for installation, causing increased uncertainty in the
predicted camber at the time of erection.

Curing method

Precast, prestressed concrete girders are typically cured either by moist curing or by
heat curing using steam pipes. The particular curing method used was found to
significantly affect the net camber at the time of prestress transfer, as is discussed
later in this paper.

p.104-105

Approximate method

The approximate method is based on the PCI multiplier method.'*® This method
does not require calculation of the time-dependent losses.

Calculate the camber at 28 days using 1.80 times camber due to prestressing and
1.85 times deflection due to self-weight.

Calculate the camber at one year using 2.45 times camber due to prestressing and
2.70 times deflection due to self-weight.
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This multiplier method gives reasonable estimates for cambers at the time of
erection, but it does not properly account for the significant effects of a large cast-
in-place concrete deck.?

Refined method

The 2010 AASHTO LRFD specifications provide a detailed method for estimating the
prestress losses at any given time. However, they do not specify a procedure to
predict camber. Therefore, this paper introduces a detailed method for predicting
camber that uses the time-dependent loss calculations given by the 2010 AASHTO
LRFD specifications.

This method can be used to predict camber at any time before placement of the
deck or superimposed dead loads. However, because the exact date of girder
erection is often not known during design, it is recommended that prestress losses
and camber be estimated at transfer, at 28 days, and at one year to obtain a
representative range of values.

p.106

Evaluation of the proposed prediction methods

The camber data were grouped by girder type, curing method, and the time at
which camber was measured.

Camber at prestress transfer

The calculation of the camber at prestress transfer is identical for both methods.
Figure 8 shows that the effect of the curing method on the camber at prestress
transfer is significant.

Because the predicted camber value is always equal for moist-cured and heat-cured
versions of the same girder, it follows from the graph that the average measured
camber at transfer for most girder types was significantly less for the head-cured
versions that for the moist-cured versions. This discrepancy may be caused by at
least two factors that are potentially significant in head-cured girders: the presence
of a thermal gradient within the concrete at transfer due to uneven cooling and the
reduction in the prestressing force due to the thermal expansion of the strands. For
modified bulb tees, the curing method did not seem to affect the camber at transfer
as significantly as it did the other member types. This could be due to a potentially
less substantial thermal gradient effect in the modified bulb tee because its unique
shape and greater depth result in a different thermal profile during cooling.
p.107-108

Camber at 24 days and later

The data for camber measurements taken at 24 days after casting or later provide
the best means to evaluate the prediction methods. The focus for this research is to
improve the prediction of camber at the time of girder erection, which typically
occurs at least four weeks after casting.

The analysis indicates that both the approximate method and the refined method
provide reasonably accurate camber predictions, though the refined method is
more accurate for most of the girder types and curing methods (Fig. 9). When the
refined method is used, the average error is less than 10% for most of the data
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groups. When the approximate method is used, the error is between approximately
10% and 20% for most of the data groups.
Conclusion

The camber predictions should account for the typically higher concrete
strength at prestress transfer and at 28 days compared with the specified
values.

The coefficients in Eq. (1) and (2), developed from this study based on
concrete materials normally provided for NCDOT, should be validated or
determined for concrete supplied from other localities and regions.
However, these coefficients are simply the averages of a widely varying
value and therefore should not be viewed as anything more than an
estimate.

The camber predictions should consider the reduced curvature at the ends
of the girder due to debonding and transfer length, especially for girders
with long debonding lengths.

The camber of girders at the time of prestress transfer can be significantly
affected by the curing method used. Heat-cured girders-especially box
beams and cored slabs-tend to have significantly less camber at transfer
than moist-cured girders, though there was not a significant difference in
the camber at later stages between girders cured using either method.
Due to production variables, the measured camber can vary significantly
among girders that are identical in their design even if the girders are cast at
the same time on the same casting bed, in part because multiple batches of
concrete are typically used for a single casting.

The refined method provides the most accurate camber predictions for
most girder types and curing methods. The approximate method generally
overestimates camber at erection slightly, but it is suitable for preliminary
estimates and rough by-hand calculations.
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16. extending span capabilities WSDOT

“New Deep WSDOT Standard Sections Extend Spans of Prestressed Concrete Girders”

Stephen J. Seguirant, P.E.

PCl Journal/July-August 1998

p.93

The primary goal of the study was to increase the span range capability of standard prestressed
concrete girders, and to improve economy by increasing the allowable girder spacing over previous
designs.

p.96

For safety reasons, the slope of the harped strands should not exceed 8 horizontal to 1 vertical.

p.98-99

Pretensioned Simple Span Capabilities

The span capability envelope for the W21MG girder section is shown in Fig. 11. This envelope assumes
that the maximum pretensioning capability of precasting plants in the Northwest is sixty-four each 0.6
in. (15.24 mm) diameter strands, and that 200 kips (889.6 kN) is the maximum weight that can be
handled and shipped. This translates into a maximum single-piece girder length of approximately 185 ft
(56.39 m).

Prestress Losses

One of the most significant variables influencing the span capability of prestressed concrete girders is
the method used to calculate long-term prestress losses.

Pessiki et al.’? have recently evaluated the effective prestress force in two 28-year-old prestressed
concrete bridge beams. Their conclusion was that the average actual loss experienced by these beams
was approximately 60 percent of the losses predicted using current calculation methods. Similar results
have been reported over the past decade.

All predicted values overestimate the actual losses, with the ACI-ASCE Committee 423 Method providing
the closest estimate. For the purpose of this paper, subsequent sections will use either the AASHTO
LRFD Approximate or Refined Methods, whichever results in the lesser value.

Allowable Tension

Another significant variable influencing span capability is the amount of tension allowed in the
precompressed tensile zone at the service limit state.

Currently, WSDOT allows no tension in the precompressed tensile zone under service loads.

p.101-102

Concrete Strengths

Overnight strengths of up to 7.2 ksi (49.64 MPa) have been consistently attained at Concrete Technology
Corporation (CTC) with concrete mixes containing silica fume. Higher release strengths can be achieved
on an every-other-day basis with added cost.

As mentioned previously, the design concrete strength used to develop the span capability envelopes
was 10.0 ksi (68.95 MPa). This value is the maximum that PNW/PCl members feel they can consistently
achieve at this time.

The applied criteria of zero tension and simple spans results in the concrete strength at release
governing the design.

Additionally, industry statistics have shown a strong correlation between concrete release strength,
curing time and temperature, and the design concrete strength. For a given mix design, the more

Appendix Page 318



aggressively the concrete is cured to achieve a high release strength, the lower the long-term strength
will be.

p.105-106

Weight Limitations

Girders shipped in some states have weighed in excess of 200 kips (889.6 kN). The net weight limitation
with trucking equipment currently available in Washington State is approximately 167 to 180 kips (742.9
to 800.7 kN), if a reasonable delivery rate (humber of pieces per day) is to be maintained.

Product weights of up to 200 kips (889.6 kN) can be hauled with currently available equipment at a
limited rate.

Length Limitations

Length limitations are generally governed by turning radii on the route to the jobsite. Potential
problems can be circumvented by moving the support points closer together (away from the ends of the
girder), or by selecting alternate routes. A rule of thumb of 130 ft (39.62 m) between supports is
commonly used.

p.108

CONCLUDING REMARKS

The development of new standard deep girder sections gives WSDOT the ability to extend spans and
remove piers from environmentally sensitive areas, all with the superstructure material they prefer to
specify.
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17. camber tolerances

Committee on Bridges-Camber FAST Team

PCl 2012 Committee Days

Revision #0, dated 3/27/12

Mission Statement

To evaluate the current PCl tolerances for camber of bridge girders published in PCI
MNL-116 and make recommendations for PCl tolerances with respect to predicted
camber at time of prestress transfer.

The PCI Manual for Quality Control for Plants and Production of Structural Precast
Concrete Products (PCl MNL-116-99) defines the tolerance for camber variation from
design camber as +/- 1/8” per 10 feet of girder length with a maximum of +/- 4" for
girders up to 80 feet long and +/- 1” maximum for girders over 80 feet long. Today,
girder lengths commonly exceed 100 feet with some exceeding 200 feet. Therefore, the
current tolerances with their maxima are overly restrictive. Furthermore, some

agencies are arbitrarily applying these camber variation tolerances to girders at ages
other than 72 hours within release. The PCI Committee on Bridges formed a FAST Team
to evaluate the current PCl tolerances for camber of bridge girders published in PCI
MNL-116 and make recommendations for PCl tolerances with respect to predicted
camber at time of prestress transfer.

To gain a better understanding of actual camber variability, measured and predicted
camber values at release were collected for a variety of girders from various regions
around the United States. The data represents I-girders ranging in depth from 35 to 100
inches. Girder lengths ranged mainly from 70 to 170 feet. Locations represented in the
data pool include CA, WA, SD, KS, IN, KY, VA, and VT.

Evaluating or recommending a particular method of estimating camber was not within
the scope of the FAST Team.

The following language has been taken from Appendix B, page B.3 of the Manual for
Quality Control for Plants and Production of Structural Precast Concrete Products,
Fourth Edition, also known as MNL-116-99.

“Camber — The deflection that occurs in prestressed concrete members due to the net

bending resulting from the eccentricity of the prestress force. For members with span-
to-depth ratio at or exceeding 25, the camber tolerance given herein may not apply. If
the application requires control of camber to the listed tolerance in beams with high
span-to-depth ratio, special production measures may be required.

Prediction of camber in a prestressed member is based on empirical formulas. The
accuracy of these estimated values decreases with time. Measurement of camber for
comparison of predicted design values should be completed within 72 hours of transfer
of prestress.

Temperature variation across a member section can have a significant impact on the
measured camber. Camber should be evaluated under conditions that minimize the
effect of temperature variation due to solar radiation, such as early in the morning.”
Camber FAST Team Recommendation #1:

Revise the ‘g’ dimension on Page B.25 in Appendix B of PCl MNL-116 to:

g = camber variation from design camber within 72 hours of release............
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+1/8 inch per ten feet, up to a maximum of 1-1/2 inches

-1/8 inch per ten feet with no lower bound

Camber FAST Team Recommendation #2:

Add a footnote on Page B.25 in Appendix B of PCI MNL-116:

Out of tolerance camber should not be a sole cause for rejection.
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18. bond behavior of debonded strands

“Predicting the Bond Behavior of Prestressed Concrete Beams Containing Debonded
Strands”

Bruce W. Russell, Ph.D., P.E., Ned H. Burns, Ph.D., P.E., and Leslie G. ZumBrunnen

PCl Journal/September-October 1994

p.60

This research also shows that the currently required multiplier of 2.0 for the
development length of debonded strands can be significantly reduced for some cases.
In the construction of pretensioned concrete beams, prestressing strands are
concentrated in the bottom of the cross section to provide maximum efficiency to resist
flexural loads. Because of the concentrated prestressing forced, the allowable tensile
and/or compressive stresses can be exceeded in the end regions of a simply supported
beam.

p.61

The debonding, or blanketing, of strands is an alternative to draping strands in an effort
to control the maximum tensile and compressive stresses in pretensioned concrete
highway girders. Debonding, by definition, is the intentional breaking of bond between
prestresseing strand and concrete. This can be done by applying grease to the strands
in the regions requiring debonding; however, the most common practice is to wrap
specially made split plastic tubing around the strand to prevent bond of the strand to
the concrete. Debonding strands can simplify girder construction; draping of strands is
more difficult and more dangerous. Debonding of strands like-wise exhibits economic
advantages when compared to draping of strands.

CURRENT AASHTO AND ACI CODE REQUIREMENTS

Current code provisions of the American Concrete Institute (ACl) and the American
Association of State Highway and Transportation Officials (AASHTO) governing the use
of debonded strands are nearly identical.

This provision requires that debonded strands be bonded for a length equal to twice the
required development length for fully bonded strands.

Even though the AASHTO Specifications allow debonded strands, many state DOTs do
not specify their use because they fear that debonding strands significantly weakens the
pretensioned beam. The states of Texas and Oklahoma do not currently allow
debonded strands as an alternative to draping strands for I-shaped girders.

p.62

Debonding Strands: Lower Effective Prestress Force

By debonding strands, the effective prestress force is reduced in the end regions of the
beams, when compared with beams that contain fully bonded strands.

p.63

Staggered Debonding vs. Concurrent Debonding

However, the behavior of concurrently debonded specimens was quite different from
specimens with staggered debonding. Staggering the debonding has the effect of
gradually increasing the effective prestress force through the debonded regions, thus
improving the beam’s resistance to cracking.
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p.66

First, the embedment length necessary to prevent bond failures is dependent on the
length of debonding. Second, longer debonded lengths require greater embedment
lengths to ensure strand anchorage. Therefore, it is incumbent upon the designer to
maintain the debonded lengths of strand at their shortest possible distance.

p.74

Staggered Debonding vs. Concurrent Debonding

These tests clearly demonstrate that beams with staggered debonding can outperform
beams with concurrent debonding.

p.75-76

CONCLUSIONS

6. The behavior of beams made with debonded strands is predictable and reliable.
Therefore, the use of debonded strands should be considered safe, provided the
transfer zone of debonded strands is not allowed to extend into regions where cracking
will occur at ultimate limit states.

7. In general, staggered debonding should be employed; concurrent debonding may
lead to premature anchorage failures. Concurrent debonding results in a lower cracking
moment in the debond/transfer zone when compared with staggered cutoff points.
Consequantly, concurrent debonding can lead to bond failures where staggered
debonding will not.

RECOMMENDATIONS

1. Debonded strands may be employed as an alternative to draped strands; however,
the debond/transfer zone should not extend into regions of flexural cracking. In simply
supported beams, strand debonding should be terminated within 15 percent of the span
length, measured from the end of the beam.

2. Debond termination points should be staggered to increase the beam’s resistance to
cracking in the debond/transfer zone.

3. Code provisions should be restructured to reflect the relationship between cracking
and anchorage failures, and to more accurately reflect the behavior of beams made with
debonded strands.
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19. strand development length, strand transfer length

“A Review of Strand Development Length for Pretensioned Concrete Members”

C. Dale Buckner, Ph.D., P.E.

PCl Journal/March-April 1995

p.84

The specific objectives of the study were: (1) conduct a review of literature related to
strand transfer and development length research; (2) analyze data from recent studies
and rationalize discrepancies among conclusions drawn from these studies; and (3)
recommend equations for strand transfer and development lengths consistent with the
current state-of-knowledge.

p.86

In October 1988, the FHWA issued a memorandum that imposed the following
restrictions on seven-wire strands in bridge applications:®

1. The use of 0.6 in. (15.2 mm) diameter strand in a pretensioned application shall not
be allowed.

2. Minimum strand spacing (center-to-center) will be four times the nominal strand
diameter.

3. Development length for all strand sizes up to and including 9/16 in. (14.3 mm) shall
be determined as 1.6 times AASHTO Eq. (9-32).

4. Where strand is debonded (blanketed) at the end of a member in the precompressed
tensile zone, the development length shall be determined as 2.0 times AASHTO Eq. (9-
32), as currently required by AASHTO Article 9.27.3.

p.97

SUMMARY AND RECOMMENDATIONS

The objectives of the present study were to conduct a review of literature relating to
transfer and development of seven-wire pretensioning strand, to rationalize
discrepancies among conclusions drawn from various studies, and to recommend
equations for strand transfer and development lengths. At present, there are several
research projects in progress related to strand development length. Thus,
recommendations made in this paper will need re-evaluation as additional data become
available.
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20. Anchorage zone reinforcing

“Design of Anchorage-Zone Reinforcement in Prestressed Concrete Beams”

Peter Gergely and Mete A. Sozen

PCl Journal/April 1967

p.63

The object of this paper is to introduce a simple method for the design of transverse
reinforcement to restrain anchorage-zone cracks and to present a series of test results
to confirm the validity of the method.

p.69-72

DESIGN RECOMMENDATIONS

The steel stress is controlled by a limiting crack width through an approximate force-slip
relationship. The pivotal assumption is that there is a longitudinal crack in the
anchorage zone. The prime role of the reinforcement is to confine the crack.

It is advisable not to have stirrup spacing larger than h/5 over a distance of h from the
end of the beam.

21. horizontal cracking in the ends

“Control of Horizontal Cracking in the Ends of Pretensioned Prestressed Concrete
Girders”

W. T. Marshall and Alan H. Mattock

p.56-58

SYNOPSIS

This paper describes a limited investigation of the stresses which occur in the ends of
pretensioned prestressed concrete girders at the time of transfer of prestress, and
which can result in the formation of horizontal cracks in the ends of such girders. Also
reported is a study of the stresses set up in vertical stirrup reinforcement near the ends
of pretensioned prestressed girders when horizontal end cracking does occur. On the
basis of experimental data obtained in this study, an equation is proposed for the design
of vertical stirrup reinforcement necessary to restrict the size of any horizontal end
cracks which may occur in a pretensioned prestressed concrete girder.

When an adequate amount of vertical stirrup reinforcement is provided in the end
regions of pretensioned prestressed girders, the development of the horizontal cracks is
restricted.

p.72

The total cross-sectional area of stirrups necessary, At, will then be given by Eq. (4) as:
At =S/(fs/2) = 0.021(T/fs)(h/It) Eq. (5)

The amount of stirrup reinforcement calculated using Eq. (5) should be distributed
uniformly over a length equal to one fifth of the girder depth, measured from the end
face of the girder. For most efficient crack control the first stirrup should be placed as
close to the end face of the girder as possible, since surface crack width is to some
extent controlled by concrete cover®. It is suggested that for design purposes It may be
assumed to be 50 times the strand diameter.
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22. Estimating camber and deflection

“A Rational Method for Estimating Camber and Deflection of Precast Prestressed
Members”

Leslie D. Martin

p.100

The determination of long-time cambers and deflections in precast prestressed
members is somewhat more complex because of the:

1. Effect of prestress and the loss of prestress over time;

2. Strength gain of the concrete after release of prestress; and the

3. Camber or deflection is important not only at the “initial” and “final” stages, but also
at erection, which occurs at some intermediate stage, usually from 30 to 60 days after
casting.

Much research has been done on the effects of creep and shrinkage on prestressed
concrete members, not only regarding camber/deflection behavior, but also on the
related issue of prestress losses.

Some relatively precise and complex equations have been developed for predicting
these long-time behaviors. However, the data on which these equations are based
usually has a scatter of at least 15 to 10 percent,?? using laboratory controlled
specimens.

p.101-102

Synopsis

The author presents a step-by-step rational procedure for determining long-time
multipliers for camber and deflection of precast prestressed concrete members.

Table 2 illustrates the sensitivity of the equations to various variables and shows that
except for extremely long members that variations are within the tolerances prescribed
by the PCI Manual for Quality Control.

Section 4.1 of the PCI Design Handbook, first edition, illustrates that use of “multipliers”
for determining the long-time cambers and deflections.

The Handbook suggest a range of 1.5 to 3.0 for these multipliers, but does not provide a
guide to the designer for determining the values.

It should be noted that because of the inherent variables that affect camber and
deflection, such as concrete mix, storage method, time of release of prestress, time of
erection and placement of superimposed loads, relative humidity, etc., and the data
scatter under the most closely controlled tests, calculated long-time values should never
be considered any better than estimates.

Determination of Multipliers

Since the release strength of precast, prestressed members is usually about 70 percent
of the 28-day strength, Eci is about 85 percent of the final.

p.103

Erection Camber

The camber at the time of erection is also important. This occurs usually at 30 to 60
days following casting. Research has shown?® that creep and shrinkage, the primary
factors in long-term behavior, will have reached about 40 to 60 percent of ultimate in
that time.
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Therefore, it is reasonable to assume that one-half of the long-time camber, deflection,
and losses will have occurred by then. The multiplier for the erection phase would then
be:

p.104-105

Sensitivity of Cambers and Deflections to the Variables

In order to determine the sensitivity of the foregoing equations to the variables
encountered, cambers of five different precast prestressed members were computed
using the stated assumptions, and then were recalculated by changing the variables one
at a time.

The changes in the variables and the results of the camber calculations are shown in
Table 2. Note that only with Member No. 5, which is an extremely long span for a
precast product, does the difference exceed % in., which is the maximum tolerance
allowed (from the calculated value) by the PCI Manual for Quality Control.
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23. Estimating prestress losses

“Recommendations for Estimating Prestress Losses”

PCl Committee on Prestress Losses

PCl Journal/July-August 1975

p.46

COMMITTEE STATEMENT

This recommended practice is intended to give the design engineer a comprehensive
summary of research data applicable to estimating loss of prestress. It presents a
general method whereby losses are calculated as a function of time.

This report contains information and procedures for estimating prestress losses in
building applications. The general method is applicable to bridges, although there are
some differences between it and the AASHTO Standard Specifications for Highway
Bridges with respect to individual loss components.

A precise determination of stress losses in prestressed concrete members is a
complicated problem because the rate of loss due to one factor, such as relaxation of
tendons, is continually being altered by changes in stress due to other factors, such as
creep of concrete. Rate of creep in its turn is altered by change in tendon stress. It is
extremely difficult to separate the net amount of loss due to each factor under different
conditions of stress, environment, loading, and other uncertain factors.

In addition to the foregoing uncertainties due to interaction of shrinkage, creep, and
relaxation, physical conditions such as variations in actual properties of concrete made
to the same specified strength, can vary the total loss. As a result, the computed values
for prestress loss are not necessarily exact, but the procedures here presented will
provide more accurate results than by previous methods which gave no consideration to
the actual stress levels in concrete and tendons.

An error in computing losses can affect service conditions such as camber, deflection,
and cracking. It has no effect on the ultimate strength of a flexural member unless the
tendons are unbonded or the final stress after losses is less than 0.5fpu.

Appendix Page 328



24. camber predictions

“Improving Predictions for Camber in Precast, Prestressed Concrete Bridge Girders”
Michael A. Rosa, John F. Stanton, and Marc O. Eberhard

Washington State Transportation Center (TRAC)

Research Report Agreement T2695, Task 68 Camber Prediction

March 2007

p.Xi-xii

EXECUTIVE SUMMARY

This research was conducted to develop improved methods of predicting camber in
prestressed concrete girders.

The results showed that the response was sensitive to the predicted prestress losses
and that the 2006 AASHTO values for prestress loss provided much better estimates
than did the 2004 provisions. In addition, the camber was found to depend on the
elastic modulus of the concrete, its creep coefficient, and the use of the prestress losses
in the calculation of creep camber. Predicted cambers were compared to the measured
cambers to calculate a predicted error. To achieve the best match with the measured
cambers, the AASHTO-recommended values for the elastic modulus and the creep
coefficient had to be multiplied by adjustment factors. The adjustment factor for the
elastic modulus was found by minimizing the predicted error on the camber
immediately after release, resulting in a factor of 1.15. The adjustment factor for the
creep coefficient was found by minimizing the predicted error on the second camber
measurement, resulting in an adjustment factor of 1.4. The prestress losses had to be
taken into account when computing the creep component of camber.

The cambers measured after placement of the girders in their final locations were
compared with predicted values to evaluate the influence of the support conditions.
The supports provided partial restraint to longitudinal movement of the girder’s bottom
flange and clearly affected the camber. However, significant scatter in the recorded
data made trends difficult to see and reinforced the need for further measurement and
analysis of the issue. As an indication of the importance of the end conditions, it may be
noted that, in the evaluation of the changes in camber due to release of the temporary
strands and placement of the deck, the girders that were seated on oak blocks at both
ends were 41 percent to 46 percent stiffer than those seated on elastomeric bearings.
p. 1-2

INTRODUCTION

The Washington State Department of Transportation (WSDOT) has been using precast
prestressed concrete girders in bridge applications for many years. These girders have
allowed for longer spans, provided economical design, and accelerated construction
times by allowing precast fabricators to deliver ready-made products at the contractor’s
convenience. The girders are often built with an upward camber after initial stressing.
However, because of material and environmental properties, this initial camber at
release can change over time.

WSDOT typically uses standard designs for prestressed concrete girder cross sections.
These sections were designed in collaboration with precast fabricators to provide
economical fabrication in conjunction with increased span capabilities. WSDOT will
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typically design a bridge by using design programs, such as PGSuper (PGSuper 2006),
and provide the contractor with detailed plans and specifications to fabricate the
girders. The fabricator will then build the girder according to the details provided and
deliver the girder to the contractor on site.

1.2 Camber Prediction Challenges to WSDOT

Most of the bridges built in Washington State today are constructed with precast,
prestressed concrete girders. However, the uncertainty of the predicted camber in
precast, prestressed girders can lead to problems during construction. Excessive
camber leads to interference between the top of the girder and the deck reinforcement.
Insufficient camber leads to an increase in the concrete required to meet the bottom of
the deck slab, resulting in additional weight to the superstructure. Both are undesirable
conditions that can lead to construction delays, as well as increased material and labor
costs.

p.22-25

2.8 WSDOT Practice for Camber Prediction

The design length of the girder is defined as the length from the centerline of the final
bearing at both ends. All deflection calculations are based on the span length using a
simply supported model. The procedures of Concrete Technology and Central Pre-Mix
Prestress for supporting the girders at release and storage were observed by the
researches to be different than those assumed by WSDOT. At release, the girder is
typically supported by lifting loops that vary in distance from the ends. When placed in
the storage yard before shipping, the girder is supported on bunks anywhere from 2 to 3
feet in from the ends. Because creep deflection is proportional to the elastic deflection,
small variations in elastic deflection caused by different support conditions carry over to
the creep deflection.

p.38-39

4.3 Data Collection Procedure

Camber measurements were taken only in the morning to minimize the effects of
temperature differentials over the height of the girder caused by the sun.
Measurements were taken between 6:00 AM and 10:00 AM.

p.40-41

4.4 Observed Behavior

Temperature variations might also have contributed to the camber variations. In
particular, heating the tops of the girders creates a temperature gradient over the
height. To minimize this effect, camber measurements were taken only in the morning,
before the ambient air temperature changed.

p.43

MATERIALS TESTING

5.1 Purpose

Both moist-cured and accelerated-cured cylinders were tested to compare the
difference in curing methods and the influences on the material properties.

p.45-46

5.3 Concrete Compressive Strength
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The AASHTO LRFD method suggests that one day of moist-cure is equivalent to seven
days of accelereated-cure.

p.48-49

5.4 Elastic Modulus

The equations recommended by the AASHTO LRFD and ACI underestimated nearly all
the measured data. This was consistent with the predicted camber data collected at
release, as discussed in Chapter 4. On average, the measured elastic modulus was 8
percent higher than the value predicted by the AASHTO LRFD method.

p.75

6.5.1 Effect of Actual Concrete Strength

According to Table 6.6, the measured cambers (on average) were smaller than the
calculated ones when the design concrete strength was used. This was true for exterior
and interior girders, for one-end and two-end continuous spans, and for all three
loading conditions (strand release, deck placement and deck creep). The accuracy
increased and the calculated cambers decreased significantly when the actual (rather
than the design) concrete strength was used. This trend was expected because the
actual stiffness of the concrete was greater than the value assumed in design. This
resulted in smaller values of estimated deflection. The use of the actual concrete
strength thus improves the prediction accuracy.

p.87-88

CHAPTER 8

EVALUATION OF FABRICATOR DATA

8.2 Data Collection Procedure

Most of the information obtained from the fabricator was related to the girder cross-
section, length, and prestressing strand size and quantity. Those properties were taken
from the fabrication drawing plans. Quality control records were also reviewed. These
records documented the fabrication history, including the time and date of casting, time
and date of the release of prestress, concrete cylinder strengths at release and 28 days
after casting, and all camber measurements.

8.3 Description of Dataset

8.3.1 Data Collection from Concrete Technology Corporation

The data set from Concrete Technology Corporation contained 103 girders from four
projects and included the eight girders monitored for a detailed time history of camber
and materials testing (see chapters 4 and 5).

p.91

8.3.4 Age at Release

The age of the concrete at release influences the girder stiffness because the elastic
modulus changes over time and with maturity.

Therefore, while most girders will be released between 12 and 24 hours of casting,
some girders will cure for between 48 and 96 hours prior to release.

p.92-93

8.3.5 Seasonal Variations

Temperature during casting and curing is known to influence material properties and
may affect prestress loss. The two girder fabricators are located in areas that exhibit
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very different annual temperature and humidity cycles. Central Pre-Mix uses outdoor
casting beds. It covers the girders with thermal blankets and, if necessary, raises the
concrete’s temperature by releasing steam adjacent to the form, under the blanket. In
the winter months, the temperature in Eastern Washington frequently drops below
freezing, so special measures are needed to achieve proper concrete curing. In the
summer months, the climate is typified by high temperatures and low humidity, both of
which might be expected to promote shrinkage and creep.

Concrete Technology in Tacoma has a covered casting bed and heats the girders with
electric elements inside insulated forms, even though the climate in Western
Washington is much milder. Girders made at both plants are susceptible to some
thermal effects during casting and curing, but the seasonal differences suggest that the
effects might be larger in girders cast by Central Pre-Mix Prestress.

To illustrate the potential for seasonal effects on the data set, Figure 8.4 shows the
number of girders that were cast in each month of the year.

p.95

8.4.2 Influence of Compressive Strength on Release Camber

The compressive strength at release can influence the release camber by changing the
stiffness of the girder. Figure 8.7 illustrates this trend for the Black Lake Bridge project.
As the compressive strength of the concrete increased at the time of release, the initial
camber decreased.

p.96

8.4.3 Long-Term Camber

The long-term trends were more difficult to distinguish. The quantities that fabricators
measure after the release measurements are 28-day compressive strengths and an
additional camber measurement. This additional camber measurement was not taken
at a consistent time after casting because WSDOT requires only that one additional
measurement be taken prior to shipping. Shipping dates vary, and often change, in
accordance with the contractor’s schedule. This leads to a significant scatter in the age
of the girder at the second camber measurement. The effects of creep and shrinkage
will also vary with time, material properties, environmental conditions, and even girder
support conditions in the yard, so large scatter must be expected in this second camber
measurement.

p.98-99

CALIBRATION OF CAMBER MODEL

9.1 Introduction

This chapter discusses calibration of the camber model with field data. Those data
consisted of reading from girders that were fabricated by the two major manufacturers
in the state Of Washington and placed in six different bridges.

9.2 Evaluation of Current Procedure

Thus a negative error indicates that the predicted upward camber is larger than the
measured, and that the real girder is flatter than the calculations suggest. This was the
outcome in most cases when the standard WSDOT method of calculation was used.
The WSDOT method over-predicted the camber in almost all girders that were over 100
feet long.
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p.102-103

9.3 Effect of Using Measured Concrete Compressive Strength

Consequently, the girder tends to be stiffer and deflect less than would be the case if
the actual strength had been based on the long-term requirements.

Table 9.4 shows the average ratio of the measured concrete compressive strength to
the design concrete compressive strength for all the girders and the two fabricators. As
expected, the average ratio was higher at 28 days than at release.

Figure 9.3 shows how concrete strength affects the predicted camber for a W74G girder.
A 10 percent increase in concrete strength results in decreases in the predicted camber
of approximately 0.10 in. at release and 0.25 in. after 200 days.

p.106-107

9.4 Prestress Loss Deflection Adjustment

By using the actual concrete compressive strength and including the effects of prestress
loss on deflection, the error in the prediction was reduced as shown in Table 9.3.

p.108

9.5 Calibration of the Camber Prediction Model

Creep deflection is affected by the elastic modulus, but the converse is not true.

p.115

9.5.3 Calibration of Prestress Losses Due to Creep

After the initial optimization had been completed in this project with the AASHTO LRFD
2004 equation, AASHTO adopted the recommendation in NCHRP Report 496, which
generally predicts lower losses. WSDOT has since adopted the AASHTO 2006 “Refined
Methods of Time-Dependant Losses”.

p.123-128

10.2 Conclustions

a) Concrete strength. On average, the measured concrete compressive strength
exceeded the specified strength by 10 percent at release and 25 percent at 28 days. The
excess strength at release was particularly large when the girder was cured for more
than one day, as often happens over weekends.

4) a) Girder support locations

The girder is supported at different locations at different times, such as at release,
during storage and on the bridge piers. These support locations affect the camber, but
are typically not accounted for during design.

b) Restrain by support

Placement of a girder on a fixed support creates some restraint to the longitudinal
shortening of the bottom flange. Lifting and reseating a girder in the storage yard
released that restraint and caused an increase in camber that averaged 0.15 in.

d) Environmental conditions

Ambient air temperature, relative humidity, and temperature gradient in the girder
could affect measured cambers but were not included in this research.

1) Effect of support conditions

Some girder ends were supported on oak blocks and then built in to partial-height
diaphragms, while others were seated on elastomeric bearings. Girders supported on
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oak blocks at both ends deflected less than those that were supported on an
elastomeric bearing at one end.

The lower deflections were attributed to fact that the bottom flange of the girder was
partially restrained against longitudinal movement. The restrained girders behaved as if
they were 41 percent to 46 percent stiffer than those seated on elastomeric bearings.
p.128

10.3 Recommendations

10.3.1 Recommendations for Practice

The following recommendations are made for practice:

1) Concrete strength

For deflection calculations, increase the specified concrete strengths by 10 percent at
release and 25 percent at 28 days.

2) Elastic modulus

Use 1.15 times the AASHTO LRFD 2006 equation for predicting the concrete elastic
modulus (Ec) for a given concrete strength. An alternative would be to adopt the
methods recommended by NCHRP or CEB-FIP.
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25. camber, prestress losses, deflections

“Predicting Camber, Deflection, and Prestress Losses in Prestressed Concrete Members'
Dr. Sami Rizkalla, Dr. Paul Zia, and Tyler Storm

North Carolina State University

Final Report Research Project # 2010-05

FHWA/NC/2010-05

July 2011

Abstract

Accurate predictions of camber and prestress losses for prestressed concrete bridge
girders are essential to minimizing the frequency and cost of construction problems.

4

The time-dependent nature of prestress losses, variable concrete properties, and
problems related to production variables make it difficult to predict camber accurately.
The recent problems experienced by NCDOT during construction are mainly related to
inaccurate prediction of camber. In this report, several factors related to girder
production are shown to have a significant impact on the prediction of camber.
p.vi-viii

SUMMARY

In recent years, NCDOT has experienced increasing construction problems related to
discrepancies between the predicted and measured camber for prestressed concrete
bridge girders, as well as problems with differential camber between identical girders.
In addition, current prestress loss predictions used by NCDOT are based on the 2004
AASHTO LRFD Bridge Design Specifications, which has been superseded by the 2010
edition.

This report examines the accuracy of the current NCDOT method for predicting the
prestress losses and camber for prestressed concrete girders as compared to field
measurements. Other methods available in the literature are also reviewed, including
the PCI method and the AASHTO 2010 method.

The report presents the findings from the testing of a large number of concrete
cylinders that was conducted to evaluate the properties of the concrete. It also
presents the findings of several site visits to precasting plants that were conducted by
the research team to identify factors related to girder production that could potentially
affect the accuracy of the camber predictions. Specific findings related to the concrete
properties and other production factors include the following:

1) The concrete compressive strength at transfer was found to be on average 25%
higher than the specified design value.

2) The concrete compressive strength at 28 days was found to be on average 45%
higher than the specified design value.

3) The elastic modulus of the concrete was found to be on average 15% less than the
value predicted by the AASHTO specifications using a unit weight of 150 pcf for the
concrete.

4) Concrete properties can potentially vary from girder to girder within the same
casting bed due to the use of multiple batches of concrete along the bed as well as
delays in concrete batching that occasionally occur during a casting.
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6) The prestressing force was found to be significantly affected by the temperature
fluctuations of the prestressing strands during fabrication.

7) Temporary thermal gradients in the girder could cause significant scatter of the
measured camber data.

8) The debonding and transfer length of the prestressing strands were found to be
significant sources of error in the camber predictions for girders with debonded lengths
greater than ten feet and should therefore be considered in the prediction of camber.
This report provides specific recommendations to account for several of these factors to
enhance the prediction of camber.

The research introduces two methods for the prediction of camber for prestressed
concrete bridge girders, including an “approximate” method based on multipliers and a
“refined” method based on the detailed losses calculations given in the 2010 AASHTO
specifications. The current NCDOT method was also modified to account for the factors
related to girder production. The current NCDOT method, the modified NCDOT method,
and the two proposed methods were compared with measured cambers of 382
prestressed concrete girders in the field, some of which were taken by the research
team and others that were collected with the help of NCDOT inspectors and Resident
Engineers. The girder types that were considered in the study include AASHTO Type I
and Type IV girders, box beams, cored slabs, and modified bulb-tees. The findings from
the comparison of the prediction methods are summarized briefly as follows:

1) The current NCDOT method was found to overestimate the camber of prestressed
girders by an average of 52%. The modified NCDOT method overestimated the camber
by an average of 39%. The proposed approximate method overestimated the camber
by an average of 16%. The proposed refined method underestimated the camber by an
average of 6%.

2) The accuracy of the predictions of camber at prestress transfer was found to vary
between different girder types and curing methods. Steam cured box beams and cored
slabs exhibit lower cambers at the time of prestress transfer than the moist cured
members. However, the accuracy of the predictions at later stages is less significantly
affected by the curing method and girder type.

Based on the findings of this research, the two proposed methods are recommended to
provide the most accurate prediction of camber. The proposed approximate method is
more convenient for simple hand calculation, while the proposed refined method is
suited for more accurate computer calculations.

A spreadsheet program to predict prestress losses and camber using each of the
methods considered in this research is provided. A spreadsheet that calculates the
modified section properties for box beams and cored slabs due to void deformation is
also provided.

p.8

2.7 Camber Experiences of Other States

A brief questionnaire was sent to bridge design engineers at the Nebraska Division of
Roads (NDOR), the Texas Department of Transportation (TXDOT), and the Florida
Department of Transportation (FDOT). These questionnaires were designed to explore
the methods used by these states to predict prestress losses and camber. They also
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requested information about any problems experienced with the prediction of camber.
This section provides a summary of the responses. The full text of the responses are
provided in Appendix C.

2.7.1 Nebraska Division of Roads (NDOR)

NDOR uses both the “approximate method” and the “refined method” of the 2004
AASHTO LRFD Bridge Design Specifications to estimate prestress losses. In their
experience, both give approximately the same prediction of camber at the time of the
erection of the bridge, which is assumed to be 30 days after casting.

NDOR has observed that the camber predictions are often higher than the measured
values, particularly for very long spans (over 150 feet) when the specified concrete
strength exceeds 10 ksi.

p.9

2.7.2 Texas Department of Transportation (TXDOT)

TXDOT typically uses the “refined method” of the 2004 AASHTO LRFD Bridge Design
Specifications to estimate prestress losses. To predict camber, they use a single set of
assumed creep values for all girders.

In contrast with NDOR, TXDOT has observed that their camber predictions are often
significantly lower than measured values for long span girders. In rare cases, the girders
had to be re-cast. In addition, TXDOT has observed that girders cast at the same time
will often have different cambers on the bridge if the project phasing requires that some
girders remain in storage in the casting yard longer than others. They observed that
these differential camber problems are most problematic with box beam girders since
these are placed immediately adjacent to each other on the bridge.

2.7.3 Florida Department of Transportation (FDOT)

FDOT uses the AASHTO equation (Equation 2-1) to calculate the elastic modulus of
concrete. They use the specified concrete strength and a concrete unit weight of 145
pcf. For concrete made with coarse aggregate native to Florida, which is typically
limestone, the elastic modulus is factored by 0.9.

FDOT estimates prestress losses using the refined calculations specified by the 2004
AASHTO LRFD Bridge Design Specifications. Camber is calculated using either the PCI
multiplier method or the approximate time-step method. FDOT engineers have not
experienced persistent problems with camber prediction using either method, although
construction difficulties related to camber occasionally occur.

Problems related to camber prediction are prevented to some extent by FDOT’s practice
of requiring that the contractor measure the camber of the girders before setting the
seat elevations on the bridge bents.

p.14

3.2.2 PCl Method

The method recommended by the Precast and Prestressed Concrete Institute for
estimating prestress losses is similar to the current NCDOT method in that it only
estimates the ultimate time-dependent losses rather than time-specific values.
However, the prediction equations themselves are different.
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p.25
3.3.2 PCl Method
The PCI method also uses multipliers to predict camber at prestress transfer, at bridge
erection, and at an arbitrary “final” time in the distant future, which represents the
ultimate deflection.
3.3.2.1 Camber at Transfer
The calculation of the camber at prestress transfer is identical to the NCDOT method
(Equation 3-35).
3.3.2.2 Camber at Time of Bridge Erection
In estimating the camber at the time of bridge erection, the PCl method is similar to the
NCDOT method except that the multipliers are reduced:
3.3.2.3 Camber at Final Time
The net camber at an arbitrary “final” time in the distant futre is estimated using
additional multipliers for the initial deflections. The deflection due to superimposed
loads applied at bridge erection, if such loads are present, is also adjusted by a
multiplier.
If the superimposed load applied at bridge erection is a composite topping, then its
contribution to deflection is multiplied by 2.30 instead of 3.00 in the above equation.
p.26-27
4 FIELD MEASURMENTS AND SITE VISITS
4.1 Introduction
A significant part of the effort of this study was the development of an extensive
database of field measurements that could be used to evaluate the various prediction
models. The field data included camber, concrete properties, and production details.
The development of the database is discussed in Section 4.2.
4.2 Field Measurments
To develop the extensive database of field measurements, it was necessary to enlist the
help of NCDOT inspectors and Resident Engineers. For quality assurance purposed, the
inspectors are required to be present during the casting of every prestressed bridge
girder produced for NCDOT. Since there is an NCDOT inspector stationed at each
precasting yard, they were well-positioned to take camber measurements before the
girders were shipped. The resident engineers, on the other hand, are present at the
erection of the bridge and were thus able to take camber measurements once the
girders were in place.
4.2.1 Camber Data Sheets
In order to collect the camber measurements and the related girder data, a data sheet
was developed on which the inspectors would record the measurements and data at the
precasting yards. Once the girders were sent to the construction site, the data sheets
were sent by the inspectors to the resident engineers so that the camber measurement
of the in-place girder could also be recorded.
The measurements and data included on the data sheets consisted of the following
items:

e Position of each girder along the casting bed

e Curing method used
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e Ultimate compressive strength of the concrete at transfer

e Ultimate compressive strength of the concrete at a later age

e Locations of the supports in storage

e Exposure conditions and geologic orientation during storage

e Measurements of the camber at transfer, at the beginning of storage, at the end
of storage, and in place on the bridge

e Weather and temperature at the time of each camber measurement

p.37

5 EVALUATION OF PRODUCTION FACTORS

5.1 Introduction

Throughout this research, several production variables were identified as factors that
could affect the prediction of camber. In this chapter, these production factors are
evaluated to consider their effects. Recommendations to account for these factors to
improve the predictions are provided.

p.41-42

5.4 Concrete Properties

Predictions of prestress losses and camber are highly depended on the properties of the
concrete used for the girder. The elastic modulus of the concrete is used for predicting
deflections and prestress loss due to elastic shortening. The compressive strength of
the concrete is used to predict losses and elastic modulus. The unit weight of concrete
is also needed to determine the self-weight load, and it influences the elastic modulus
equations provided by AASHTO, PCl, and ACI.

Due to the importance of the concrete properties in the predictions, the research team
used physical tests and collected data to evaluate these properties. The following
sections describe the tests, the collected data, and the analyses of these properties.
5.4.2 Unit Weight of Concrete

The 88 cylinders that were tested for unit weight were tested in 29 sets of three or four
cylinders. As shown in Figure 5-2, the average unit weight of the cylinder sets was 148
pcf. The data ranged from approximately 140 to 154 pcf.

Currently, NCDOT engineers assume a unit weight of 150 pcf for the elastic modulus and
deflection predictions. Due to the weight of the reinforcing steel in the girder, it is
reasonable to assume that the actual unit weight of the section will be slightly higher
than the measured value of 148 pcf. Therefore, the value of 150 pcf currently used by
NCDOT engineers for design is considered appropriate.

p.60

5.7 Curing Method

The two primary curing methods used for precast, pretensioned girders are moist curing
and heat (or steam) curing. Moist curing typically consists of using a hose to drip water
on the top surface of the girder, while heat curing involves the use of steam lines to
heat the girder, consequently accelerating the cement hydration process.

As discussed in Section 5.3, the temperature of the strands can affect the prestressing
force through thermal expansion and relaxation of the strands. When heat curing is
used, the temperature of the girders and strands rises very quickly after casting.
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Therefore, girders that are heat cured could experience a greater reduction in the
prestressing force than moist cured girders due to the effect of the strand temperature.
In addition to affecting the prestressing force, heat curing can also generate a thermal
gradient within the girder since the girder is typically heated from below while the top
of the girder is more exposed to cooling. This could reduce the camber of the girder at
the time of prestress transfer due to differential thermal expansion, as discussed in
Section 5.6.

The effect of the curing method on camber is evidenced by the analysis of the collected
camber data, which is discussed in detail in Section 7.3. The data suggest that the
camber at the time of prestress transfer is significantly reduced for heat cured members
as compared to moist cured members. The data also suggest that the effect seems to
depend on the girder type. For box beams, the camber at transfer for heat cured
members is roughly 50% lower than for moist cured members; for cored slabs, the
difference is approximately 75%; and for Type IV girders, the difference is approximately
20%. For modified bulb-tees, there is not a significant difference in the camber at
transfer for head cured versus moist cured girders.

Although the effect of curing method on the camber at the time of transfer is significant,
analysis of the camber measurements at later ages suggest that the effect may be only
temporary, since the difference between the camber measurements for heat cured and
moist cured girders is significantly reduced at ages greater than 24 days.

Based on these observations, it is concluded that the effect of curing method on camber
prediction accuracy can be significant at the time of transfer, although it varies for
different girder types. In addition, the fact that the effect of the curing method is most
significant for shallow girders such as cored slabs and box beams leads to the conclusion
that thermal gradients present at the time of transfer may be a significant cause of
camber discrepancy at this stage for head cured members. This conclusion is drawn
from the fact that thermal gradients with the same temperature differential tend to
cause a greater deflection in shallow members that in deep members, as discussed in
Section 5.6.

This analysis leads to the further conclusion that the measured camber at the time of
transfer is not necessarily a reliable indicator of the eventual long-term camber since
the camber at this early stage may be temporarily reduced due to effects related to the
curing method.

Adjustments to the camber predictions due to this factor are not practical since the
curing method is generally not known at the design stage. However, for camber
analysis, girder data should be grouped according to the curing method used.

p.62

5.9 Project Scheduling

Factors related to project scheduling can also affect the camber predictions. For
example, predictions of the camber at the time of prestress transfer as well as
predictions of losses are based on the assumption that prestress transfer occurs one day
after casting, which is typically the case. However, it is also common for girders cast on
a Friday to have the prestressing transferred on the following Monday, three days after
casting. During this extra time, the strength and elastic modulus of the concrete
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increases significantly. As a result, these properties can be significantly greater than the
specified values used in the camber and prestress loss predictions. In addition, the
increased strength could result in significantly less creep than predicted. Therefore, two
girders cast for the same bridge could have very different cambers if the prestressing
force is transferred to the girders at different ages.

Another factor related to project scheduling that could affect the camber predictions is
the amount of time between prestress transfer and erection of the bridge. There is
often wide variation in this respect from project to project. For example, it is not
uncommon for cored slabs to be erected within 15 days of casting, while other girder
types may be in storage for six months or more before being erected. Due to the effects
of creep on the measured camber, this could result in significant discrepancies between
predicted and measured camber since the time of bridge erection is typically assumed
to be 28 days in the predictions.

Due to the inherent scheduling uncertainties involved with bridge projects, adjustments
to account for the project scheduling at the design stage are not practical. However,
camber behavior will be more consistent among the girders in a particular bridge or
span if they experience the same amounts of time between casting, prestress transfer,
and bridge erection.

p.63-64

5.10 Summary of the Proposed Adjustments

Many of the factors discussed in this chapter introduce errors in the camber predictions
that are additive. Specifically, the effects of neglecting debonding, transfer length,
concrete over-strength, and void deformation in the camber predictions all tend to
overestimate the actual camber. When considered together, the impact of these effects
can be significant. Therefore, it is recommended that the adjustments for all four of
these factors be included in the predictions.

The following recommended adjustments should be used when predicting camber and
when predicting prestress losses for the camber calculations. The adjustments are
summarized as follows:

Concrete Strength

The specified concrete strength at transfer, f'ci, should be adjusted to determine the
best estimate of the actual concrete strength at transfer, f*ci, as follows:

f*ci = 1.25fci

The specified 28-day concrete strength, f'c, should be adjusted to determine the best
estimate of the actual 28-day strength, f*c, as follows:

f*c=1.45fc

These adjusted strengths should replace the specified strengths in all of the calculations,
including concrete elastic modulus, creep coefficients, shrinkage strains, losses, and
deflections.

Concrete Elastic Modulus

The AASHTO equation to estimate the elastic modulus of concrete at transfer should be
adjusted by a factor of 0.85 to account for local production factors, as follows:

Eci = (0.85)33wc®sqrt(f*ci)

The 28-day elastic modulus equation should be similarly adjusted:
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Ec = (0.85)33wc>sqrt(f*c)

p.64

Debonding and Transfer Length

The reduction in camber due to debonding and transfer length, discussed in section 5.2,
is currently neglected by NCDOT engineers. To account for this effect, the elastic
deflection due to prestressing only should have the following general form:

p.74

7 EVALUATION OF PREDICTION METHOD

7.1 Introduction

To evaluate the accuracy of the methods for predicting camber, the predicted values
from each method were compared to the field measurements. The following four
prediction methods were compared:

1) current NCDOT method

2) modified NCDOT method

3) proposed approximate method

4) proposed refined method

The detailed calculations for these methods are given in Chapters 3 and 6. All of the
methods except the current NCDOT method include adjustments to account for the
effects of the production factors and material properties as discussed in Chapter 5.
7.2 Method of Comparison

A series of spreadsheets was developed to predict the camber of each girder in the
database using each prediction method. Since no camber measurements were taken

after placement of superimposed dead loads, the predictions were limited to consider
only the camber up to the time of girder erection.

p.78

7.3.2 Camber at Transfer

The calculation of the camber at prestress transfer is nearly identical for all methods.
The primary difference is that the recommended adjustments to account for the effects
of the production factors described in Chapter 5 are included for the modified NCDOT
method, the proposed approximate method, and the proposed refined method, while
they are not included for the current NCDOT method.

p.80-81

7.3.3 Camber at 24 Days and Later

The data for camber measurements taken at 24 days or more after casting provide a
more reliable comparison for the performance of the prediction methods since the
bilinear approximations of the prediction curves more closely represent the realistic
camber growth during this time. This analysis is of primary importance since the focus
for this research is to improve the prediction of the camber at the time of girder
erection, which typically occurs several weeks after casting.

The analysis indicates that both the proposed approximate method and the proposed
refined method provide significant improvement to the camber predictions compared
to the current NCDOT method and the modified NCDOT method, as shown by the data
in Table 7-1 and Figure 7-5.
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p.86-90

8 CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

1) Many factors related to the design of girders as well as the production process can
have significant impacts on the prediction of camber and prestress losses. Significant
factors which should be considered at the design stage include the following:

a) Concrete properties

The accurate estimation of the concrete properties is essential to obtaining reliable
predictions of camber and prestress losses. NCDOT currently uses the specified
concrete strength in the predictions, which is often significantly lower than the actual
concrete strength of the girder. A survey of cylinder test data as well as tests conducted
by the research team showed that the actual concrete strength at transfer was on
average 25% higher than the specified strength for transfer, while the concrete strength
at 28 days was 45% higher than the specified 28-day strength. The cylinder tests also
revealed that the elastic modulus for locally produced girders was on average 85% of
the value predicted using the AASHTO equation. In addition, concrete properties can
vary from girder to girder on the same casting bed since multiple batches of concrete
are used for a single casting.

c) Debonding and transfer length

Neglecting the reduced curvature at the ends of the girder due to debonding and
transfer length can result in overestimation of camber. For most girders, the effect on
camber is less than 3%. However, for girders with especially long debonded lengths (10
feet or greater), the camber may be overestimated by as much as 13% if this effect is
not considered. The effect is also more significant for short span girders since the
affected end region comprises a larger proportion of the overall span.

2) Factors that are less significant or for which little can be practically done at the
design stage to improve the predictions include the following:

a) Temperature of the concrete

Temporary thermal gradients through the depth of the girder caused by heat curing or
solar effects can result in temporary changes in camber. This effect is most severe for
box beams and cored slabs.

b) Curing method

The camber of girders at the time of prestress transfer can be significantly affected by
the curing method used. Heat cured girders other than modified bulb-tees tend to have
significantly less camber at transfer than moist cured girders, although there does not
seem to be significant difference in the camber at later stages, suggesting that the
discrepancy could be due to temporary thermal gradients.

c) Temperature of the strands

The prestressing force can undergo significant fluctuations between the time of
tensioning and the time of prestress transfer due to temperature changes in the strands
caused by the ambient temperature, solar effects, and concrete curing temperatures.
This can affect the camber of the girder.

d) Project scheduling
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Girders that experience different amounts of time between casting and prestress
transfer or between transfer and girder erection can have different cambers.

3) Due to the variations in production, some of which are unpredictable, the measured
camber was observed to vary significantly among girders that were otherwise identical
in design.

4) The measured camber at the time of transfer should not be used as a reliable
indicator of the camber at later stages due to the variability caused by rapidly changing
concrete properties and by thermal gradient effects.

5) The current NCDOT method was shown to significantly overestimate the camber for
most girder types. Camber was overestimated by an average of 52% among all of the
girders studied.

6) The modified NCDOT method provided improved camber predictions compared to
the current NCDOT method, but is still overestimated the camber by an average of 39%
among all of the girders studied.

7) The proposed approximate method overestimated camber by an average of 16%
among all of the girders studied, which was significantly better than the NCDOT
methods.

8) The proposed refined method provided the best estimates of camber for most girder
types. It underestimated camber by an average of only 6% among all of the girders
studied, although it underestimated the camber by an average of approximately 25% for
head cured modified bulb-tee girders and moist cured Type IV girders.

8.2 Recommendations for Practice

Based on the findings of this research, the following design and production practices are
recommended:

1) For deflection calculations, the specified concrete strength at transfer should be
increased by 25%. The specified 28-day concrete strength should be increased by 45%.
These changes account for the average relationship between specified and actual
concrete strength.

2) The concrete unit weight should be assumed to be 150 pcf.

3) To estimate elastic modulus, the equation provided in the 2010 AASHTO
specifications should be multiplied by 0.85 and should be calculated using the adjusted
concrete strength and the recommended unit weight of 150 pcf.

6) The effect of debonding and transfer length should be accounted for in the camber
predictions. The calculations for the proposed methods provided in Chapter 6 include
this adjustment.

7) The proposed refined method provided in Section 6.5 should be used to predict
camber. The proposed approximate method provided in Section 6.4 may be used to
predict camber when a simple rough estimate is desired. The elastic shortening loss
used in the approximate method may be calculated according to the AASHTO 2010
method instead of the PCl method, since this will not significantly affect the camber
predictions and will provide consistency with the losses calculations that are performed
for the proposed refined method.

8) Whenever practical, camber should be measured before dawn before the sun
induces thermal gradients within the girders.
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9) Girders should be stored with the supports as close as possible to their design
bearing locations to minimize camber variability.

p.139-145

Appendix C Camber Experiences of Other States

Texas Department of Transportation

3. What procedure or approach do you use to minimize the impact of the camber
problem?

Smart contractors will lower the bearing seat elevations on their own if they suspect
there could be a camber issue. Most contractors are aware that some fabricators have
a history of producing beams with high cambers while others have a history of low
cambers. The problem occurs mainly with widenings or phased construction where
profile grade adjustments are not usually possible. For new construction, it is usually
easy to adjust the profile grade to account for higher cambers.

6. What code(s) and design software(s) do you currently use to calculate prestress
losses, camber, and deflection?

Camber

The maximum camber calculations are derived from the hyperbolic function method
developed by Sinno [6]. Sinno formulated hyperbolic functions for unit shrinkage and
unit creep from field data of full-sized, Texas Type B, prestressed concrete bridge
beams.

The prestressing steel for the beams consisted of seven wire, 7/16-in. diameter, 250 ksi
stress relived strands. The beams were fabricated of both normal-weight and
lightweight concrete and stored for a 300-day period. At the end of the storage period,
the beams were installed in the 40 ft. and 56 ft. spans of a bridge on IH-610 over South
Park Boulevard in Houston, Texas. The camber calculations are, therefore, strongly
correlated with the particular structure they were calibrated to.

The calculation method developed by Sinno was fully implemented in the TxDOT
“Camber Prediction Program” — PSTRS11 (a.k.a. Prestressed Beam Stresses and
Camber). PSTRS11 was written by Sinno and employs empirically based unit hyperbolic
creep and shrinkage functions and a step-wise time-increment numerical procedure.
This program was never used for predicting camber in bridge design production, so the
source code was not incorporated into PSTRS10 or PSTRS14. Instead, a very simplified
single step method of calculating the camber at mid-span, using a single set of assumed
creep and shrinkage values, is included in PSTRS14. The justification for this
simplification is the presumption that camber calculation is inherently inaccurate so
there is no need to improve the prediction of what cannot be reliably predicted. The
design engineer may not agree with this logic and may choose to employ other means
to determine beam camber. But in practice PSTRS14’s calculated camber is assumed to
be good enough by most bridge design engineers in spite of some field data to the
contrary.

PSTRS14’s camber calculation method may not provide an adequately accurate
prediction of beam camber for design purposes when applied to other beam types (i.e.,
volume/surface ratios) than I-beams, other material constituents, other storage periods,
other final location and framing plan, as well as other factors not considered in Sinno’s
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method. Some of these factors and other factors described by Kelly, Bradberry, and
Breen [7] significantly influence camber at erection. Under no circumstances should the
calculated camber be considered as having the same degree of certainty as, for
example, the concrete strength required. The value printed for erection camber should
be considered a rough estimate only and is not applicable to all possible design options,
beam types, aggregate types, etc.

The user should verify the calculated camber versus the dead load deflection due to
placement of all superimposed dead load results in a beam with a positive net camber.
If the camber needs to be increased, the user may do so by adding additional strands
using the analysis option. This would not, however, guarantee that the profile of the
beam will always have a net positive camber throughout the service life of the bridge.
Camber calculations performed by the program are thus insensitive to the beam type
and many other factors that affect the actual camber of prestressed concrete beams.
Furthermore, final concrete strength alone is used to determine beam stiffness so the
method is not affected by the initial concrete stiffness associated with f'ci.

Deflections are simple span deflections and may be based on the moduli derived from
final concrete strengths of beam and composite areas such as shear keys. However,
TxDOT policy is to set all concrete moduli to 5000 ksi for both stress and deflection
calculations and to indicate on the plans that the deflections shown are calculated
assuming an E’c of 5000 ksi.

Nebraska Division of Roads

3. What procedure or approach do you use to minimize the impact of the camber
problem?

We have shown PCl tolerances (at release) on the plans so our inspectors can enforce it.
We have required the fabricator to check the camber before shipping. We are in
process of identifying the “K” factors due to our local ingredients so we can use it in our
calculation for losses.

6. What code(s) and design software(s) do you currently use to calculate prestress
losses, camber, and deflection?

We use CONSPAN software for design using LRFD. We use approximate losses method
and sometimes refined losses. (Both give about the same camber prediction at 30 days)
7. How do you determine the modulus of elasticity of concrete at different ages? If you
calculate camber at prestress transfer, do you use the specified f'ci for the calculation?
How do you determine shrinkage and creep in your calculations?

We provide two camber numbers on the plans: camber at release calculated based on
the fci and camber at 30 days (assumed girder erection) based on the 28 days strength
(design strength). In general we use AASHTO LRFD approximate method to determine
creep and shrinkage.

Florida Department of Transportation

3. What procedure or approach do you use to minimize the impact of the camber
problem?

The contractor is required to monitor the camber in storage. We are considering
additional loads during design to allow for more tolerance when the camber is
overestimated.
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26. “Estimating Camber, Deflection, and Prestress Losses in Precast, Prestressed Bridge
Girders, TRC 1606” presentation provided at the 2018 ARDOT Transportation Research
Committee Spring Meeting

Ahmed Al-Mohammedi

Micah Hale

Department of Civil Engineering, University of Arkansas

The current design methods results in differences between the design and the actual camber.
The main goal of this project is to improve the accuracy of estimating camber and long-term
deflection in precast prestressed concrete girders
(1) Current Methods for Camber Prediction:
1.80 x initial camber — 1.85 x deflection = camber at erection
2.45 x initial camber — 2.70 x deflection — (others) = final camber
(2) Underestimation of concrete properties.
(3) Inaccurate prediction of strands stress.
All camber/deflection calculations are estimates
* Affected by uncertainties relating to material properties
* Time dependent
* Temperature
*  Humidity
* Load application
Several visits were made to two plants which are: (1) Coreslab Structures in Tulsa, OK (2) JJ
Ferguson Prestress/Precast in Greenwood, MS.

* The objectives from these visits are to:

* Evaluate concrete properties.

*  Measure strand stress

*  Monitor camber in the field.

e  Evaluate the current design methods.

Evaluating Concrete Properties

Concrete was sampled during the casting of each girder. More than 30 cylinders and 6 prisms were cast
from each mix. The specimens were brought to the lab the following day and tested for:

1- Compressive strength. 2- Elastic modulus. 3- Unit weight. 4- Creep. 5- Shrinkage.

Monitoring camber

The initial camber was measured immediately after release while the girders were still on the
prestressing bed and again immediately after moving the girder to storage yard.

Camber was measured multiple times until the girders were shipped to the job site.

Once the girders arrived to the bridge site, camber was measured before and after casting the
deck.

Current Methods for Camber Prediction:

1.80 x initial camber — 1.85 x deflection = camber at erection
2.45 x initial camber — 2.70 x deflection — (others) = final camber
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* The ACI 363 equation and the AASHTO LRFD equation underestimated the modulus of elasticity
of concrete by 15% to 20%.
* Modification factors are proposed in the final report to overcome the underestimation.
Recommended Changes to Camber Equations
The recommended method utilizes a single multiplier of 1.4 times the elastic camber (initial camber at
release) calculated using gross section properties as shown in the equation below. This multiplier was
validated using the camber measurements conducted at girders erection.
(1) Current Methods for Camber Prediction:
1.80 x initial camber — 1.85 x deflection = camber at erection
2.45 x initial camber — 2.70 x deflection — (others) = final camber
Prestress Losses
* The 2014 AASHTO LRFD Detailed Method overestimated the prestress losses by 45%.
* The high compressive strength at release also affects modulus of elasticity.
* The measured elastic shortening losses was very close to the predicted when using
transformed section properties.
* Results

* The 2014 AASHTO LRFD detailed method overestimated the prestress losses at the time
of deck placement by 154% and 121% for Type Il and Ill, respectively.
* The high compressive strength at release decreased the prestress losses.
* Elastic shortening losses can be accurately estimated by applying the prestressing force
directly to the transformed section properties.
* Recommended Changes to Modulus of Elasticity Equations
* The MOE of concrete is a significant parameter in determining the initial camber and
deflection of prestressed concrete girders.
*  MOE of concrete at release is necessary for estimating both downward and upward
defection components of initial camber.
* MOE at service is more important for quantifying the downward component which
directly affects the long-term deflection.
* Coarse Aggregate Stiffness Coefficient (K1)
* The AASHTO LRFD (2014) gives a better estimate for the modulus of elasticity when the
concrete compressive strength is higher than 6500 psi. Therefore, it was more realistic
to derive two K; coefficients with a range of applicability below and above 6500 psi. K;
coefficients are summarized in the table below.

Range of Crushed limestone River Gravel Crushed limestone
Applicability (Sulphur Springs, AR) | (Greenwood, MS) (Springdale, AR)
f'. < 6.5 ksi 1.15 1.20 1.1
f'.>6.5 ksi 1.05 1.10 1.0

*  Conclusions
* Use measured compressive strengths
* Instead of specified
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* Measured release strength were 26 to 80% higher than design strength
e Use a multiplier of 1.4 vs 2.45 for final camber
*  Measure Modulus of Elasticity

* Use recommended K1 values

* Measured E’s at release were 20% to 50% greater than design

Appendix Page 349



B-2

Literature Review ltems
Related to Research Topic
Table

Appendix Page 350


dtomley
Text Box
B-2  

Literature Review Items Related to Research Topic Table


PAMBIARJ SIUBWINJOP 3JNJEIDM| Y} JO dJ0W JO € ul dn Moys Mo||dA ul umoys saido] 930N

ydJeasad oyl 0} poale|al mu_n_ou. 2J0W JO ¢ ulejuod an|q ul UMoys soop a4nielall] 910N

X

X

X

X

X

X

X

X

T

[4

x

<

HNmILnLDl\OOCh et

44

ad

20

g9

vv

0] d ) N N 1

J0p aJnjeJall|

SJ2IdOL

a|qel Apnis yaieasay o} paie|ay sdidoj

Appendix Page 351



topics

strength gain > 28 days

material properties

camber prediction methods

camber variability

section properties

instrumentation & monitoring

high strength concrete using local materials (LADOTD)
temerature effects on camber

design procedures

measured camber

prestress losses

experimental program

AASHTO specifications

Sensitivity Study (TXDOT)

probabalistic comparison/effect of variability on prestress losses and camber & deflections
test data

transportation weight limits

factors that influence span capabilities (prestress losses, allowable tension, local producer member capabilities f'c)
camber tolerances

debonded strands

anchor zone reinforcing

QC records (WSDOT)

humidity

historical material data

support conditions

modification factors for camber estimates

camber experiences by other State DOT's

when to measure initial camber
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cC scheduling pours

DD recommendations for practice

EE curing

FF strand development and transfer lengths
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APPENDIX C

Other State DOT Guidelines
and Practices
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Fillet/haunch thickness
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C-3

Roadway vertical curve
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C-4

Camber Estimating Method
(PCI Multiplier,
time-dependent)
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Dead Load Distribution
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C-6

Girder section properties &
strand templates
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C-7

Material Properties (f'ci, f'c, E,
unit weight, aggregate type)
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C-8

Prestress Loss Data (time,
humidity, curing method)
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Prestressed Beam Detall
Plan Sheet Information
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MDOT

Camber Best Practices

Camber Data Sets outline
10-26-2018

The following provides an outline to information that will be researched part of the camber data sets
used to evaluate the effects on camber estimated based on; literature review, historic material
information provided by the MS Concrete Girder Manufacturers, MDOT projects that have experienced
“under-camber” on girders at erection, and MDOT'’s current practices for estimating camber.

AASHTO LRFD Code provisions related to estimating camber will be included along with considering
other State DOT practices for estimating camber.

Known information:

1. Actual concrete compressive strengths both at release and at 28-days are greater than design
concrete compressive strengths.

2. Several MDOT projects have experienced under-camber on girders at erection. Data provided by
MDOT will provide insight to the amount of differences between the design camber compared to
actual/measured camber at erection. These differences will try to be simulated part of the camber data
sets.

Plan:

Evaluate the differences between camber estimates using actual concrete compressive strengths based
on the historic material information provided by the MS concrete girder manufacturers compared to
design concrete compressive strengths.

Various sets of data will be developed through example camber estimate calculations that capture the
sensitivity of the difference in camber estimates between using actual concrete compressive strengths
compared to using design concrete compressive strengths.

For a particular girder type, evaluate the minimum and maximum span capabilities to capture the range
of camber variations. Vary both girder lengths and girder spacings. Use AASHTO Type 4 girders and FL
Bulb-T girders. Use the bridge data provided by MDOT’s Bridge Division for the Leake County and
Marshall County projects.
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Items to evaluate that influence estimating camber:

e Release concrete compressive strength (f'ci)
e 28-day concrete compressive strength (f'c)
e Release modulus of elasticity (Eci)

e 28-day modulus of elasticity (Ec)

e  Unit weight (wc)

o Vary the self weight of the girders by using different units weights (e.g., 150 pcf, 155 pcf,
and 160 pcf) to evaluate the effect of unit weight on estimated camber.

o Run a sample calculation on the girder self weight (for an AASHTO Type 4 and FL Bulb-T)
by accounting for the additional weight of the strand to see if there is an appreciable
difference in the girder self weight.

= Recommend MS concrete girder manufactures collect all girder self weights to
be able to have a historical database of unit weights produced. Girder weights
are required for shipping/hauling permits also and the girder weights may
already be documented by the MS concrete girder manufactures.

o Recommend further research be performed to obtain unit weights and modulus of
elasticity information from the MS concrete girder manufactures.

= Also note the type of aggregate used in the mix-design to further understand
whether the AASHTO LRFD formula to compute the modulus of elasticity for
concrete can be adjusted based on the type of aggregate and historic
information. Since historical information does not exist related to the types of
aggregates used to manufacture the girders, the research will not utilize the
adjustment factor in the AASHTO LRFD Bridge Design Specifications but the
effect of adjusting the aggregate factor (K1) will be included.

=  The modulus of elasticity formula in the AASHTO LRFD Bridge Design
Specifications will be used for both the design values of f'ci and f'c and the
average actual values of f'ci and f'c to evaluate the effects on estimating
camber.

e Transformed section properties

o Compare prestress losses with and without transformed section properties to evaluate
whether prestress losses differ; if prestress losses differ between using gross section
properties compared to transformed section properties then isolate the moment of
inertia effects when using transformed section properties by manually entering the
percentage of prestress losses (%) to be the same for gross section properties and
transformed section properties.
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Items to evaluate that influence estimating camber (continued):

e Prestress losses

o Itis suggested to specify what the various parameters are to be used part of the
prestress loss estimates (refer to ALDOT’s guidelines)

= Time at release = 0.75 days

=  Age of deck placement = 60 days
= Final age = 27500 days

= Relative humidity = 75%

o PClI’s Bridge Design Manual (design examples) assume the following construction
schedule; 1-day at transfer, 90-days at erection/deck placement, and 20,000-days at
final stage. Section 9.0.1 Service Life discusses the assumed age for the various design
examples as related to long-term (i.e., final) prestress losses

o Age of girder at erection/deck placement

o Time-dependent analysis

e Haunch/fillet thickness
o Compare deflections at erection with and without the haunch/fillet thickness in the
composite section properties
e PCI multipliers used in the PCI Multiplier Method for estimating camber
e Temperature gradients
e Straight vs. draped strand patterns
e Where required to satisfy allowable stresses using straight strand patterns, top strand with
and/or without reduced pull
e Increased stiffness of girders using actual 28-day concrete compressive strengths

o Evaluate the effect of increased stiffness of the girders when using the actual 28-day

concrete compressive strengths on the live load distribution factor
e Roadway Vertical curve ordinate

o Although this item is not directly related to estimating camber, it could have an effect
on the haunch thickness at the ends of girders and is related to calculating beam seat
elevations, therefore procedures are recommended to include the roadway vertical
curve ordinate in the calculation of the haunch/fillet thickness at the ends of the girders.

o The research will not consider the roadway vertical curve ordinate.
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Historic Material Information Provided by MS Concrete Girder Manufacturers:

Producer 1 Producer 2 Producer 3
design f'ci 5600 psi 4480 psi 6800 psi
Average actual f'ci 5622 psi 7503 psi 7725 psi
Ratio of 1.004 1.67 1.14
average actual f'ci/ design f'ci
Design f'c 6500 psi 5625 psi 8500 psi
Average actual f'c 9501 psi 10644 psi 10441 psi
Ratio of 1.46 1.89 1.23
average actual f'c/design f'c
Ratio of 0.59 0.71 0.74
Average actual f'ci/average
actual f'c

Observations with respect to f'ci and f'c:

1. Use the low, high, and average ratios to vary f'ci and f'c to evaluate the effects on
camber estimates.

a. Values for f'ci include; low = 1.004, average = 1.27, high = 1.66
b. Values for f'cinclude; low = 1.23, average = 1.53, high = 1.89

2. Producer 3 provided 2-day break data (not shown in the above table) that can be
considered in utilizing higher design release strengths. For example, the average 2-day
actual concrete compressive strength was 8984 psi which is a ratio increase from the
6800 psi design f'ci of 1.32.

3. The relationship between f'ci/f’'c can be used to understand the strength gain during
design. The above values based on historic material information can assist in
establishing guidelines. For example the lowest ratio was 0.59, the highest was 0.74,
and the average ratio was 0.68. Compare these values with other State DOT guidelines
on design values for f'ci and f'c.
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Historic Camber Data Provided by MS Concrete Girder Manufacturers:

Producer 1 Producer 2 Producer 3

Estimated camber (at release) Data not provided 0.94 in. Data not provided

Average measured camber (at no camber data 0.74 in. Provided data on 15

release) provided projects with
difference beam

types

Average measured camber (28- no camber data 2.37in.

days) provided

Ratio of no camber data 3.2

Average measured camber (28- provided

days)/average measured

camber (at release)

Observations with respect to camber:

1. For Producer 2; use both the average actual f'ci and design f'ci to estimate camber at
release for similar beam type and span length and compare the estimated camber
differences at release to see if there is a correlation between the estimated camber and
measured camber at release.

a. Compare 28-day camber data to estimated camber data sets

2. For Producer 3; the camber data shows variation in the measured camber; therefore
calculate the range of variation (i.e., low and high values from the average measured
camber).

a. Look for consistencies between various beam types on the spread/magnitude
the variations in the measured cambers.

b. Vary f'ci and Eci using average actual f'ci values and compare effects with
measured camber to see if there is a correlation to the relationship between 1)
the design f'ci and estimated camber and 2) the actual f'ci and measured
camber.

i. Compare results with estimated camber using PCl multiplier method (at
release only). MDOT is currently adjusting the PCl multipliers when
estimating camber; comment on this approach.
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MDOT Guidelines for Estimating Camber:

MDOT’s Bridge Division has beam design details published in the Bridge Design Manual (Version 6.1) and
has a Bulb-T Design Procedure (revised 3/24/2017). The following information is drawn from MDOT’s
current procedures and guidelines for estimating camber and will be used as a basis to compare against
other State DOT procedures and guidelines for estimating camber:

e Maximum haunch/fillet check
o MDOT’s maximum haunch/fillet check does not take into consideration the actual f'ci or
the actual f'c
o MDOT’s current guidelines do not consider the increase in the composite section
properties (i.e., composite moment of intertia) as a result of increase in the composite
section depth/height due to an “under-camber” girder at erection.

e  Minimum haunch/fillet thickness at edge of the girder top flanges.

o MDOT currently does not provide guidelines on the minimum haunch/fillet thickness
whereas other State DOT'’s do.

e Zero tension

e Transformed section properties

e Current procedures to set the PCI Multipliers to all 1.0 values

e MDOT’s Bridge Design Manual currently does not include the FL Bulb-T beam section properties;
it is recommended to include the FL Bulb-T beams

o Allows the use of either #5 reinforcing bars or 0.5-inch strands with 2 kip pull in the top of the
beam when required to satisfy release stresses

e Use 2-inch haunch/fillet as added dead load. Do not include the haunch/fillet thickness in the
composite section properties.

o Part of the camber data sets, compare deflections at erection with and without the
haunch/fillet thickness in the composite section properties

e Distribute railings equally over all beams

o Notincluded part of the research scope of work, recommend further analytical studies
on distribution of the railings, which can effect deflections at erection. Refer to ALDOT’s
distribution guidelines.

e Consider actual haunch/fillet thickness over the beam length (i.e., due to the upward camber of
the girders, the shape of the haunch/fillet thickness varies over the length of the girder in a
parabolic profile). Therefore, the added thickness increases both the dead load and composite
section properties near the ends of the girder, which can effect deflection estimates. To simplify
the calculation of the haunch/fillet dead load and section properties, an average thickness is
typically used/assumed for the haunch/fillet.

e MDOT’s Bridge Design Manual (Bulb-T Design Procedure, section 1.f) states “Use Debonding if
necessary (Debond to nearest tenth points,...........”

o Note: MDOT's current practice is to use 2 ft. debond increments; therefore suggest
updating Bridge Design Manual to reflect this
Comment on other State DOT practices to use 2 ft. debond increments.
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Camber limit (at release only). Comment on the calculation and use of the camber limit
compared to other State DOT practices and PCI’'s Recommendations for Camber Tolerances (at

release only).
Compare camber/deflection values placed on MDOT girder detail sheets vs. other State DOT

values placed on the girder detail sheets.
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sevent /@{j’ﬁo?é 9 ¥ L3x3xf" with £ et
Ligpt / 7 o /aps ud ZU/‘5/’</§ foce of (13T N S R m = ;1:/(/5,/}5@; Detar/ T
vaphraem inserts and /agsluds . N ] " /s Ssheel.
per de}ig//j on sheel no. EOL/ e ~ va - l i h
m Y ——— — T S B v e
Top of cgp—\ H 1 i
7 a Il \U
/2— #5585 775572 Losbors £ @ /7" U [ ot e i Q/ Oéé Bent Delails /.
Sh K (Typ. each bay/ ee /nl. Bent Delaifs for
Edf/f €y/ (Typ. each Aﬁy/47 5 70" (Gl ;7 tg. 5, (Typ. each boy/ [~ £ approach roedway placement of *9x/-9" dowels.
G Lon Lo i i L Lon Shee! No. 80/2 & 80/3
3-9 (Typ. each bay) 7'-/0 (Typ. | each bay) 7=/0 7=/0 710 3-9 A ;o
FART SECTION NEAR /1 =0 INT. DIAFHRACH
Dimension 7" = compressed pad Ihickness
A/DA/PT SECTION MEAR FNG OF SPAN A/DA’/QT SECTION MEAR MIDSPAN For compressed pod Ihickness see sheel no. SO
Showrng £End Digphrem Delails Showrng Slab Feimnforcemen’
37 Bor ¢ Keyed cons. JSomnt. Bor ¢ 2"
— s See Lelar/ "J . , 2L %
ERN 499 spaces @ 8" ~ bars B £ O 449 spaces @ 8" ~ pars B & C | 54
o : 224 spaces @ /'-4" ~ bars Cf *7 bors fong. 497 spoces @ & ~ bars CN ‘ N
£ ot — 127 Jom?
I o
s Cons/ *9 bors lons. *g bors Jons #d bors lons. Cons? 2
— # # B
** Joa/ finish fo ‘ st 7 bars Lo 7 bars long. son? ! ** Joo/ [in/sh To
o 7 radius ; I S —— e .« . P T D PP PP N S ; o 8" redius
L = - s - o w—) v . - - 0 s . - v - L nw ,
raar—l | V2% i —
£ beom | —_— z\%% Eﬂl — I £ beom
Bors 4 @ /" — i Lo T B U@ /0" — Gors £ @ /)
Il Il
; ; ] 177 ; /0"
i 7 ~*5 70" L ! ] 4N#5X322/ ‘
_# Y ‘ 9 1 3 ‘ Y 5 57
2 ~PE5 /-4 1 L 5 tor3) g :;: #/0 bors proj from epch B | 2 ~PE3/ -4 4 4 NOT
i |22 = | i~ bearm %é’/df‘/ Jo L 3x3x; 2l Confroclior should be oware of possible Filtig of exlerior
| Typ/ | | Wi, el welds. See Tye Tl R J—— beams during conslruction of fhe supersiruciure ond
P ‘ ; Lera/ "7 ol o #s 5" 5//{0?/(/ Joke precaulionary sleps o prevenl such 1//7ing
- - . —= oKD o/ beams.
et % = —
T \ \ \ ‘ \ A U , ,
37 o ) 0" 2" Insure [hal holes in beom webs are complelely /ilfed
I Neoprene pad per < wilh digphrasm concrele.
{7 ! ; i delails on sheel o | /" '
/65 | ¢ Lommaled Fod : o, B0, 8028 z féd///gg’} /% / 303t | NOTE-
i i SECTION D-D ! f;e/%w/wﬁe 0//” c/a/;ﬁcref; ;//2 f/?fe ////;fﬁfbbebfw/eeﬁbfbe bbaffa/ﬁ
SECTION BB YA A gi \ ~ 12 e nominal slab an e Jop o e beam fhas been
A SECTION A-A Zee ey 22 == oprene et 1T s i estimated by using one half (1/2) of the fille} tejpht,
Delaling 2" Join? i ™ bearig pod e o ol the bearing multplied by lthe top [lense width and
- ;ﬁe ;c(////e/;;a 7 of ff/;e beam. his volume shall be used
N —/ =~ or final pey quaniity.
A SLECTION C-C N 3 b Y *Any additional concrele required in Ihe [fillel resulling from
. ~ ¥ N an unexpecied camber in Ihe beam will nol be direclly paid
¥k NO L] sear required af _jom/. 9 R . for and shall be considered an absorbed sfem.
; ; 9
fjg 55;/;@ deralls on sheel NOTE: Ligphragm @ inl, suyppor’ shall be ;Q N
’ poured monolithic with slab. N “Q
> S DESIGN DATA:
g Spec/licalions...... i AASHTO LFRD PO with PO/E inferims
” Loadipg.......... LHL-83
I g S/l SIre5565.0uiiiaannn. N=29,000 pos.ro; (21,600 pos. ;o on=&
L BARS i #4 BARS Ly #4 Fresiressed beam delals...5ee sheels no. EOL5 E026,5027
65-0" Zlx MISSISSIPPI DEPARTMENT OF TRANSPORTATION
N I { =
o iw}v%‘ | | BRIDGE AT STA. 10/7/7+37.88
SR BARS CA ~75 |
=~ # . .
" /0 ¢ i 2 N~z e
- XE ‘ 356 ‘ ond of Beams 0 i e A 95-110-95 ft. SPAN DETAILS
~ = o
SRy \ | & SPANS 4 THRU ©
>
BARS BEC ~*5 £l#/FMs: 102207 / 302000
— a 4 a (=} .
SECTION K-K LF 747 Vi BAR BENDING DEFTAN S DL TAN / 2 COUNTY: Marshall WORKING NUMBER
Limensions are oul fo oul 2| |IPROJECT NUMBER: BR-0060-03(021) 18 OF 3@
=, DESIGNER __Thomas Tert CHECKER__Spencer Yates SHEET NUMBER
8|~ | DETAILER ISSUE_DATE __2017-07-12
IS DIRECTOR OF STRUCTURES, STATE BRIDGE ENGINEER - JUSTIN WALKER, P.E. 020
17| DEP. DIR. OF STRUCTURES, ASST. STATE BRIDGE ENGINEER - SCOTT WESTERFIELD, P.E.

Appendix Page 389



PLAN
BRIDGE DIVISION
MISSISSIPP] DEPARTMENT OF TRANSPORTATION

22: 2@ AMPM DGNFI LENAME

GLENERAL NOTES:

Mississjppr Slandard Specificalions for
Foad and Bridse £O5fn/cf/bﬁ, 20/ 7.

No change of plans will be permiiied excepl by wriilen
gpprova/ of The Lirecior of Siruciures, 555@ Lridpe Lngimeer.

Inor changes i dela// of despn or consiruclion procedure
may be aulhorized by Ihe Lireclor of Siruciures, Siale Lridse
Lngineer provided such chonges will nol be cause for conlrac’
price ad usiment.

The final surface Jexlure of Ihe bridge deck shall be
mechanically Iransverse grooved in accordence wilh
Seclions ﬁzﬁ/ and B0 ol The specilicalions. See Misc.

Span Dela/ls for limils of lronsyerse groovije on bridge deck.

Bridge concrele shall be class or class OO as mdicaled in plans.

Rarling expansion joinf malerial shall be bituminous liber Fype unless
olherwise /wféof

No paymen’ will be allowed for excovalion mcidenfal fo rhe
conslruction of end ben’s. ,

Lar bending delarls shall be in accordence with Menua/ of
Standard Factice for Delailing Fein/orced Concrefe
Structures " (AC) 3/5R-94).

Remlorcement order /is’s and reguired placing plans shall
be [urmished n occordence with Seclion S05 of Ihe
Mississipp/ Standard Specificalions.  Farlial submi7ials
are no’ acceplable.

Shop drewmes ol presiressed beams, /ncluding an ereclion
plan, 5/{;// be submitted in duplicale fo The Lirector of Siruciures,
Slale Dridge Engineer for gpprovs/ prior To Ihe manuisciure of beoms.

The Fobricalor 5/?5/;y provide comber dale af release and immedialely
prior o shpping.

The Coniraclor shal/ provide cember dole afler ereciion — 7he Conlracior
should be aware 7hal The defleclion diggrem mey be modsfied bosed on
The provided comber dals.  Iherefore, deck grades should be sel only
alTer no’ificalion from IThe Lireclor of Siruciures, Sisle Oridgse
Lngimeer.

Concrele surfaces shall receive o Class 2 rubbed or sproy
[inish in accordance with The specrficalions.

Femlorcing sltee/ shall be ASTM AE/5, Grade 60, wiless
olherwise noled.

Work for which no pay /fem /s provided mn Ihe proposal will
not be pard for c//scf/y and compensalion Iherelor will
be included in The prices and payments [or bid sfems.

NOTE:

The girder defleciion digerems shown in hese plens were prepared ond inlended
Jor desin ond eslimalion purposes only. Aclus/ brigge girder defleciions may
differ [rom the defleclion digeroms shown in lhese plans.

/7 s The Conlroclor s responsibilily To consirucl Ihe brigee To meel The requireme,
o/ fhe plans ond specilicalions including, bul no’ limited Jo, 1he reguiremenss
for bridee deck smoaltmess.

Frior To lormwork consiruction, Ihe Conlraclor shall submi? fhree (3) copres of a
proposed bridee supersiruciure consiruclion plan Jo Ihe Lireclor of Siruciures,

e

Stale Oridge Lneimeer for review, Phroysh 7Ihe Froject Lngmeer. [his submitial shal/

mclude all calculalions, assumplions and paramelers used by Ihe Coniracior 7o

delermmne brigee girder defleciions ond form grade elevalions.

This submitlal shal/

also include an ereclion and consiruclion procedure [hal addresses [he consiruction
means aond melhodolagres used by Ihe Confracfor and shall consider effecls including,
bu’ nol limited 7o, conslruciion phasmg, pouring schedules, gpplied permanens and

consiruction /oading, and shall include colculalions and delans

o/ Femporary girder

bracing syslems used o ensure girder srabilily and fo counler Ihe effecls of girder
7117,

After girder erecfion and prior ro deck consiruciion, rhe Confracior shall submi? deck

Thickness verificalion calculalions for each girder.

[hese calculalions shall include

& comparison of Ihe erecled girder Jop [lenge profiles versus Ihe //5/7 deck grade
e

elevalions over each girder plus Ihe anficjpaled girder defleclion
permanent dead load and creep.

Three (3) copres of he deck hickness verificalion colculalions and ony proposed
remedialion measures Jo correc’ for Ihn deck creas shall be submiiled o The
Lireclor of Siruclures, Slale bridee Lngmeer /or review, Ihroush Ihe Frojec’
Lrngmeer.

The bridge supersiruciure conslruclion
calculalions shall be prepored and s
Frofessional Lngineer.

ro gpplied

fan and The deck Thickness veri/icalion
amped by o Mississjpp/ Regislered

STEEL FIFE FILE NOTES:

FLA Tes] prles shall be driven with an spproved impacl hammer as an
mdicalor lesl pile or production pile al Ihe /localion shown in Ihe
LA TEST FPILE SCHEDULE and wil/ be pard for as les’ prles only.

The Firsl FDA Fes’ pite driven shal/ be an indicalor FLDA Jes’ pife as
shown on Ihe Foundalion Flan. The imdicalor FDA Fes’? pile shall be
driven conlinuvously usimng an gpproved impacl fammer. [he Jull lenglh
of The indicaior FDA Tes’? pile shall be monifored using FLA.

The FDA monitored Indicator Test Friles will be oul-of-posiiion piles
driven with mandalory reslrikes ond FLDA resulls enalyzed prior 7o
driving any FOA Tes’? Files. Based on 7he resulfs of 71he FLOA
Indicalor Jes? Files, rhe plan lenglhs of 1the FDA Tes’ Files may
chonge. Iherefore, recommend ordering FUA Jes! Fles of7er onalys/s
of The FDA Indicalor Tes? File /s complere.

Remaining rest piles alf be driven as & continuos operation, o 1he Ijp
elevalion shown m The FLDA T7TEST7 FILE SCHEDULE, wnfess oltherwise
direcled by Ihe Lireclfor of Siruclures, Slole Bridee Lngineer.

Fermanent piles shall be driven Fo an elevalion no hpher Fhon Ihe elevalion
shown in The REQUIRED UL TIMATE FILE BEARING CAPACIT Y AND TIF
LLEVATION SCHEDULE.

The Lireclor of Siruclures, Slale Bridee Lngmeer moy oulhorize
Jes? piles driven oufside he siruciural limi7s.

When leasible, bearing piles shall be driven /Ul feng’h and be
spliced, only, as gpproved by Ihe Lireclor of Siruciures,

Slale Bridee [Lngmeer.

Welding shall be done by Ihe ELECTRIC ARC process. Welders

shell be cerlified and elecirodes shall be goproved.

When /foadime lesis are reguired, Ihe maximum lest load shal/
be one and one hall" (14) Fimes Ihe mimimum pile besring capacity.

FPA Tes? piles shall require a [ day and 7 day resirike unless
olherwise direcled by Ihe Lngineer.

Flle lenglhs ond driving crilerio sholl be provided based on fhe
results of the FLA Tes? piles.

The required ulfimale plle bearmg shown in the KEOUIRED
UL TIMATE FPILE BEARING CAPACITY AND TP ELEVATION SCHEDULE
mcludes Ihe LRFD resisiance faclor for FLOA of 0.62.

File hammer leads used for ol FDA Tes’ piles ond FLDA resirikes shal/
be large enoush o provide a mmmum of 3" clearance on each side
of fhe pile mn order o praperly ploce and prolec’ FLOA gapes.

Stee/ pipe piles shall be driven wilh & maximum raled energy no /ess
than 70,000 f1~lbs, lo Ihe Ip elevalions specified unless Ihe
Conlraclors drivability analysis ulilizing Ihe Confracior s selecfed
a/fernalive hammer /s gpproved by Ihe Lireclors of Slruclures,
Slale Bridee [Lngimeer.

Al Steel FPpe Files shal/ be ASTM AL55 Grede 3 (Fy = 45000 psi.

Sreel Fpe Files are mmfended 7o be open ended.

Welding shall comply with ANSLAWS D/.5 Brigdge Welding Code ond be
performed by & cer’ified welder.

The 7jp elevalion of piling, lor hydroulic siruclures, may be delermmned
by scour line bul under no circumsiances shal/ be grealer rhan Ihe
mimimum Tp elevalion shown in The FECUIRED UL TIMATE FILE
BEARING CAFACLT ).

Fpe piles shall recerve a prolective coaling begimning af Ihe bolfom
of Jhe cagp and exlendipg Jo rhe /OC yr. scour elevalion os shown
on fhe Layoul Sheel. Jhe coaling shal/ be ome of Ihe following,
applied sccording fo The manuisciurers specilicalions in fwo coals
of [/ 6mi/ mimmum dry film Thickness:

2/ Bitumasiic 300-M Cos/ Tor Lpoxy
manulacliured by Carboline Company m Si. Louis, MO
www. corboline. com
8/ Corofect Cos/ Jar Lpoxy
manutaciured by INSL-A Company i Monfvale, NS
www.carolechcoa’ings. com
¢/ Series 46793 TNEMEC=Tar
manutaciured by TNEMEC Co Inc i Kansas City, MO

www. Inemec. com

Any areas of coaling above Ihe ground line rhal become damaged
durimg shpping or driving shall be repaired per Ihe maenuiaciurer s
specilicalions. Any areas of cooling affecled by pppe pile splicing
shall be repoired per lhe menulsciure s specificalion. Frolective
coaling, mcluding surlace preparafion and gpplicalion, will be paid

for as Stee/ Fpe Piling, (ol & separale pay ilem).

Y2
z

STATE PROJECT NO.
MISS. |BR-0060-03(021)
FECOUIRELD UL TIMATE FILE BEARNG
CAFACTT Y AND TR ELEVATION SCHEDULE
*
e R R IS W7 PILE HAMMER REQUIREMENTS
Bent Neo. Frle  Type Fite Size | Ufimale Bearimg o P - L O E |\ Res/s fance
(Tons) Llevalion 77/ Limi? State |/
/ Stee/ e/ 7 /22 03,2 70 Streneth /| 0.65 Pile Type Pl Sire M”/?/, ffj/;ff% Mﬁ/*/ féﬂ/;f v
2 Steel ppe pile| 30" 36/ 358 7 90 Strength /| 065 o o
3 Stee/ ppe pile| 30" 36/ 3587 90 Strenglh [ | 0.65 Stee/ ppe pile Al 70,000 NA
4 Steel ppe pile| 30" 305 364.9 90 Strength [ 265 -
5 Steel ppe pile 30" 395 37/.0 90 Strength [ 265 NOTE: Based on prelmmary drivebility enalysss
& Steel ppe pile 30" 345 37/.0 a0 Strensth [ 065
7 Slee/ P/l /7| /28 404, 0 70 Strength [ 065
LA TEST FILE SCHEDULE
Min. 1"k d”
SplT backing ring }
Len? Ne. M. //éé)@m Tjp Llevation

\ % \ T }V B / 50 349.6

\ : \ : 2 //0 3/8.5

} i } ‘ Ej /10 222

| i | 7 80 3548

| AR
L-Ua } i } ‘ N} Kindicalor pile fo be driven within
. . I F-5 pile diemelers. Uncoaled
I5° \ ‘ ‘ N for Ihe entire lenglh

I |

e - T T I J

\ 1 \ \

} | } 1 Weld

! i !

\ | \

\ [ \ \

\ ! \ |

\ NV \ 7?

FILE NOTES:
LIAE FILE SALICING DE TANL Jes? piles shal/ be driven as permanen’ piles af Ihe localion
30" Diam. steel pjpe piles shown in Ihe FPA TEST FILE SCHEDULE and will be pard for
a5 lesl piles only.
The Lirecfor of Siruclures, Sisle BOrigee Lngimeer may outhorize
Weld LUl soint bolh les/ piles driven oulside The siruciural limi7s.

e sgyare bu anm o Jes? piles shall be driven as a conlinvous gperalion o Ihe
sies of web & /5/70‘75’5; @XCE/?f bearing capocity ond Ihe Fp elevarions shown in The LA TEST
under 5/0//'55 Fs, Jo 11/ vords FILE SCHEDULE, unless ofherwise direcied by 7he Direcior of

) - Slructures, Slale Oridse Lngimeer.
sbelween 7 Ve seclions. Fermenen! piles shall be driven fo an elevalion no hjgher 7han
Ihe elevaiion shown in The RECOUIRED UL TIMATE FILE BEARING
4 A 4 CAPACIT Y AND T1P ELEVATION SCHEDULE.
L The Tip elevelion of piing, lor hydreulic slruciures, may be
RS S delermmed by Ihe scour line.
N \q] I AN When leasible, bearing piles shall be driven /Ul fenglh and be

© X I N splicea, only, as gpproved by Ihe Lireclor of Siruciures,
0 N I < Slale Bridee Lrgmeer.

N N O ~ Welding shall be done by Ihe ELECTRIC ARC process. Welders

a\ . §\ i X shall be cerlified and elecirodes shall be gpproved.

R R I A When /foading les’s are regquired, Ihe maximum lesr /oad shall
\\‘\1 ~ . Il N be one and one hall (12) Times The mimmum prle besring
‘% E I i\ capacity. ’ ’
N I > FLA Test piles shal require o [/ dey ond 7 doy resirike unless
N N otherwise direcled by Ihe Lrgineer.
N Frle lenglhs and driving criferia shall be provided based on Ihe
0 Mo 0 resulls of Ihe FLA les/ prles.
” The required ulfimale pile bearme shown in Ihe REOUIRED
A 2 (HPIx /17 7 7
v /7" 4 3-0 5p//’59 P MR/ L)) T ~ UL TIMATE FILE BEARING AND TIP ELEVATION SCHEDULE includes

FILE SALICE DETAN

HP/9x/ /] 7 slee/ prles

NOTE: In liew of splice plales, prefabricaled splicers may be used.
Frelabricaled splicers shall be submitled for gpproval by The
Lirecior of Siruciures, Slafe Bridse Lnomeer.

ESTIMATED QUANTITIES

Convenlions/ ) 30" Diam Lridpe Lrrope 757 /1077 /135 /1 /
Jfem Jrans. it e P14/ T LA Tess DA Tes/ Fite. Ston) Comeento A Fresl. Conc.|Fresl’. Conc.| Pres) Conc.| Reimnforce- Concrefe /;05 € Geoltexlife
Grooving | 1030 sy | Sleel Ping WP Steel Fife|Steel Fipe Fite| Restrite | o B | ciass Taq” | Clasa hD" 55}6—?2 55;—65”74 55;3?2 ment Rarting, 32 Fop%) | thder Rprap
Location S0 Loch LA Lach Lach Loach L.F. cr cr LA L.F. LS. Lb5. LA Jon 5.7

Spans CEELE2 07E2 /,89/.67 595853 673575 /550492 /1,250
£nd bents /960 2 / 70, 70 /5809 .33 992.0 /0050
Il bents / z / 5070 92,94 /16,308

Tolals cerr 2z / /960 Z z z 5070 /63.63 0rEE /,89/.67 595,83 67375 /78 /59 [,254.33 9920 /00250

he LAFLD res/sience focior for FLOA of CO.62.

File hammer leads used for a// FDA les? piles ond FPA reslrikes

shall be large enoush o provide & mimmum of

of clesrence

on eacth side of Ihe pile in order o properly ploce and

profect FDA pages.
Stee/ P piles shall be driven with o maximum rafed energ

no less

than 70,000 [T-lbs To Ihe Ijp elevalions specified unless Ihe
Conlraclors drivability analys/s uliliZing Ihe Confraclor s selecled
a/lernalive hammer /s gpproved by Ihe Direcl/ors of Siruclures,

Slale Bridee Lrgimeer.
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/26" Jagstud T

|
i [ANRRRNNARARRANREARNANRTANAANRRANAAR AU AR AN m#v

| Digptragm inserts (4" deprt)

. — £ exlerior besm web
WNOTE: Continuous Ihreaded lags fuds & bar '
ZZ ”/d;// 5//;?; ?}ZC ;Z i:;f Zyjﬁ Zg w L —/ ~digptragm mser? (4 ’ dep’h)

Frchmond Screw Apchor Co., /Inc.,
Allanis, GA; By Meadow Slee/
Froducts Co., Inc., Birmmngham, AL Or
Daylon Superior Co., Inc., Birmiggham, AL.

See beam
sheel

7 '9x2"-6" Jags tud !

LPART SECTIONV
LIAFHRAGM INSERT AND LAGSTUD DETANLS

14" mn sealed

Joml wid?h

Freformed jom! sea/

Bonding adhesive (7yp.),

oo/ finish To & 55// redius

Varies (per Menulaciurer's specifications)

/*ﬂ/’/'og@ deck or endwsl/

Instalfation depth (per Menufacturer's
specificalions) (Typ. bolth sides of joml).

4" 4/// seal (Typ. bolh sides)

Lesjon wid?h

JIFICAL  SECTION FREFORMED JONT SEAL

NOTES:

/. Jomnl insiallalion and sealing on newly consirucled bridge decks shall nol be paid for direclly
and shall be considered an absorbed ifem of work.

2. Jhe preformed joint seal shall be one of Ihe [ollowing, /nsialled sccording fo /he
Menulsciurers specificalions:

A.

Silicollex Joml Sealing Syslerm,
manulaciured by R U Welson Inc
www.r jwarson. com

Webo S5FP5 Jom? Sysltem
menutaciured by Walson Bowman Acme Corporelion
www. wbacorp. com

Silspec 555 Silicone Sirp Sea/
menuisciured by 55/ Commercia/ & Hphwsy Conslruction Melerials

WWW. 55/Cm. com

3. For eslimaling purposes, [he R Walson Silicoflex Joinl Seslmg Syslem was selecled.

However, should anolther supplier be chosen, /7 /s Ihe Conlraciors refpa/w/b///'/‘y fo

ensure Thal he Manulaciurer s recommendalions are [ollowed [for jom

preparalion,

mslallalion deplths and widlhs, adhesive selling Fimes, and any ofher veriances belween
The specificalions provided by Ihe Menufeciurers. A Meonufaclurer represenfalive shal/

be presenl al Ihe lime _joml seal

begmns fo ensure Ihal! The Confroclor /s properly

schooled in insiallation of, fhe joini malerisl Al open joinls shall be sesled st fhelr

despn widlhs, dimension

. Limension

, as mdicaled on Ihe end benl and span delass.

"

4’ s delined as Ihe desjn widlh of fhe joins opeming, which does no/

accoun/ for fhe ;" seal reguired on borh sides of 7pe joml.  Freformed Jom! Sea

Type 4 shall be used Jor despn widlhs less Thon 2.

"

Freformed Jom! Seal ype /1,

shall be used ror desjn widlhs gresler lhan or equa/ Jo Z " with Jhe maximum desen

wid 7/

bemg 4. In coses where despn widlhs ore grealer [han %, anolher Iype

o/ expansion maleria/ shall be reguired s direcled by Ihe Lireclor of 5#05/4//,;5, Slole
Lridpe Lngineer.

5 Jomls

m newly consirucied bridee decks shall be prolecled [rom damage unlil accepled

for mainfenance by Ihe Stale.  Lamaeed jomls shall be repaired al no addifional cos’ o
The Siale.

SN
7]

DETAL "D

S
g’ Lram fole
37 = o/e
7 chomler Trp Lram hole
s~ . \\< . . P .
\4‘7 ’ drip bead
SECTION T-7 P
7 drp bead
7 rip bea
NOTE Drain poles shall be localed 2" ot Gl T,
S Lranm 0/€5  5/73; e /o0Cal e 'rarnn 0/é.
so thal bars B & C wi// no’ be cul. 7 eramer

SECTION W-w

DRAIN HOLE DETANLS

Use where shown on The Span Lelar sheel.

Clear roadway width = 36-0"

’

. ) ”
Limls of Jrapsverse grooving 2 =

Freformed _jomn? sea/

LIMITS OF TRANSVERSE GIROOVING

LLEVATION A7 LEND OF SFAN

Q.02 /1. per /7. s/

STATE | PROJECT NO.

MISS. |BR-0060-03(021)

=

CROWN LDETAN S

Span leng’h

¢ Jjom’—— £ yom’

%E spen
S ! Frnish T/V/@‘ surface Jo This line.
fﬁ‘earef/'ca/ Tinish grade

s
DELLLECTION DIAGRAM

A = Jolal recommended alfowsnce for deflection.

b = eslimaled delleclion due Jo desd load of sleb £ res

C = A-L = pe/ wmmtia/ camber mn ridine surfece, which
includes an sllowance or creep.

NOTE:

For velves of A, B & C see Beom Le/s// sheels.

NOTE:

The Girder Deflection Digsrems shown in Ihese plons were
prepared and infended for despn and eslimalion purposes
only.  Aclus/ brigge girder delleciions may doiffer /from

Ihe deflecsion diggroms shkown in These plaps. /I /s [he
Conlraclor s responsibilily 7o consirucl Ihe bridee 7o

meel the regquirements of Ihe plans and specificalions
Including, bu? not limited 7o, /;e reguirements [for brigse
deck smoolfness. Frior Fo Formwork consiruclion, 1he
Conlraclor shall submi? Three (3) copres of a proposed
BRIDGE SUPERS TRUCTURE CONS TRUCTION FLAN

7o The Lireclor of Siruclures, Slale Lriqee Lngmeer For
review, Ihroysh The Froject Lngineer.  This submitial shal/
nclude ol calculetions, assumplions ond peremeters used by
rhe Coniracior lo delermine bridee sirder defleciions and
form grade elevalions.  This submillal shall also mnclude an
ereclion and consiruclion procedure lhal addresses The
consiruclion means and melhodologies used by Ihe Conlroclor
and shall consider effecls including, bul not limifed 7o,
consiruction phasing, pourig schedules, agpplied permenen’ and
consiruction loading, and shall include calculerions and

delalls of Temporory girder brocipg syslems used Jo ensure
girder siabilily and lo counler Ihe effecls of girder 71/7.
Alter girder ereciion and prior fo deck consiruciion, Ihe
Conlractor shall submi? deck hickness verificalion
calculations for each girder.  These calculalions shall
include o comparison of fhe erecled girder Jop [flonge
profiles versus lhe plon deck grade elevalions over

eacth girder plus Ihe anlicipaled girder defleclion due

fo applied permenent dead load and creep.  hree (3) coples
of /ﬁ/é’p deck Ihickness verificalion calculalions and an
proposed remedialion measures lo correcl for hn deck
areas shall be submilied Jo Ihe Lireclor of Siruciures, Slole
DOrigpe Lpomeer for review, [Ihroysh Ihe Frojec’ Enpgineer.

The BRIDGE SUFERS TRUCTURE CONSTRUCTION FLAN and  Ihe
deck Thickness verificalion calculalions shall be prepored

and sltamped by & Miss/sspp/ Resislered Frofessions/
Lngineer.

GENERAL NOTES:

All concrele in span shall be c/ass /@i/jﬂ ’, .,

Al concrefe in ralipg shall be closs TAA

Chamlfer o/l edees 7, wiless olherwise noled.

See Laoyoul sheel for finshing of concrele surfaces.

Flacing dimensions for reinforcig slee/ fo concrele surfoces
gre clear dislances.

Jo delermmne Ihe dimension from finsh grode Jo cap, Ihe
assumplion /s made Thal The compressed Ihickness of Ihe
negprene pad /s as shown i Jable, and Ihal Ihe orypima/
comber ol the beams will be wilthin Ihe lLimits shown on Ihe
Beom Lelar/ sheels. The Lireclor of Siruciures, Slale
Lridge Lngmeer shall be nolified 1/ The combers ore nol
within These /lim/7s.

MISSISSIPPI DEPARTMENT OF TRANSPORTATION

i BRIDGE AT STA. 1077+37.88

SR-4 OVER CUFFAWA CREEK
z MISCELLANEOUS SPAN DETAILS
Zris: 102207 / 302000

COUNTY: Marshall
PROJECT NUMBER: BR-0060-03(021)

WORKING NUMBER

DESIGNER __Thomas Ter CHECKER__Spencer Yates SHEET NUMBER
DETAILER_ Thomas Terry —  |SSUE DATE __2017-07-12
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PLAN
BRIDGE DIVISION
MISSISSIPP] DEPARTMENT OF TRANSPORTATION

20: 20 AMPM DGNFI LENAME

999" (poy lengtt) STATE PROJECT NO.
See_parl 52 spaces @ /-6 See_parl MISS. [BR-0060-03(021)
FLAN below Double bars K & Single bars T FLAN below
/" N s /"
L L 4L A
£ beam~ PRl | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | (NN RN RN L beam
FECEETETETTT e et | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | [
£ joint — ~—2£ jom?
FLAN OF TOF FLANGE
999" oy length) /"
7 . 5
2
0 Lot bbb g
R ? ‘ digph. inserls lexl. beams) R
N g g 6 of R
¢ 2'¢ holes (int. beams) draped f/’d/;{j/j ‘
I 30"
/’,4”? \?ﬁ“ s s J Y
9-6 9-6 /-0 #
1 I3 o = ~
9 L y (7o hold down pf.) (7o hold down pt.) reoprens pe bars 1 2
necprene pa Y L
174 =—1¢ deom 474 N N
W \'\\N True 90°
[N A bends
NOTE: w
LLEVATION Cut sirands [lush ang, wealtherproof wilh limesione colored "Sonolastic” (Someborn Building Froducts), Sy
GC-9 Synitecok ™ (FPecore Cogg./, or _gpproved equal meeling Ihe requiremen’s of federa/ —_ <
Specificalion No. T7-5-00L27E Or 77 *ﬁ@ﬂ?jﬁ , applied accordimg lo Menufeciurers direclions. i‘ /
7~ s/rands N 01"
pulled To 2000 . %)
J-6 ‘ 9" ‘
N Bar T Fors 1 #2
R — < — aors [~
2" /404" 506" 14 Bors KL T “*J N ars K X Bors S | Gor T
. W o S S - [ P . oy
Double bars 5 j—l—g r/v/) — N S y = Draped sirands ¢ diaph. inserls or Gors 5~ 75 4
RA ! /6" 5 N~ 7Jil 2" holes Bars K ~ 75
- 4]ttt 4+ 4+ 4 |+ + L L 1 } IR
4 . ® AR BENDING LETANLS
,,jfff.:tiiji‘f‘,’:ti,,, ,‘,:‘:,f’:,ffﬁ, RS \\Q&\J ‘& < Limensions are oul fo ou’
¢ beam ~_ [T I e Sof o PR R
N 7 ™ RIS
e B e e e = s :
s % E 3
77777777777777777777777777777 10" o0 & P i 1 L _
. N NS ‘% % .
S 38 ‘
EEEat === S — assssmmasssn CLNEFAL NOTES:
Bors T © IRRERAR R RN S QR RS Beoms shall be manulaciured in accordance with Mississpp/ Slandard Specificalions for
s N \ Fosad & Brigee Consiruction, 20/ 7.
/13 @2 P Chamfer each . Jhe Tops of beams shall be rough [loaled. Ar approximalely the Fime of initial sef
Draped strands side of beam § Ihe enlire Fops of beams 5/7@// be scrubbed Jronsversely wilh a coorse wire
L0 , brusth To remove s/ la/Tance and produce & roushened surface [for bonding s/ab.
22 24 ~ 6/10°9270 KR strands Ofher surfsces shall be [in/shed per s, ec/ficalions.
0 43,950%:/,054,800* Slrond pattern defailed /s for 67/0 9270 K-LR sirends. Shop drewings of presiressed
BN ! T beams shall include Ihe Ilype and localion of ol slrands.
The Lireclor of Siruclures, S’ale Lrigee Lngmeer shall be nolilied /f 7he camber of Ihe
SECTION NEAK ¢ SPAN END FLEVATION beam 1s nol wilhin The limi7s shown in Table.
The Fabricalor shall provide comber dals alf relesse and immedialely prior o shipping.
Concrele shall be class fX° ande
Dovble bars 5 < (@) shall have o 2E-day cylinder sirens’th of 6500 p.s..
y, cy P
(B) ol Tronsfer of he lensiomng fosd, Ihe cylinder slrenslt of he concrele
L, shall be as shown /n Jable.
/=17 Al Ithe Conlraciors reques’ a suggesled concrele desjn mix will be [urn/shed
714" 713" with The undersiandimg 7ha? /7 s The Conlraciors responsibility To mamiam
AN : 6500 p.s... concrele.
NOTE: ¢ beorm I eny cplinder tests below 6500 p.s.i, the beam represented will be held on
Dors [ For beam general noles, beam bevels, sloped plates, oy Ihe yard wnlil Fhe ZE-day sirensih /s delermined and acceplance or rejeciion
éid/'m pddﬁz/ggg/féﬁ;;ber beam delarls see £ besrimp K’L\ has been eslsblished.
sheels no. 5, ) N
ol =
Beom end —— ’-'7 £ neoprene pad @ Bent No. / h
g
LA
/-0 [~ £ negprene pad @ Bent No. 2 u i LES/GN LATA

PART LLEVATION

Sirands no’ shown for clori’y

For defleciion diggrom, see Miscellaneous

LR indicales low-relaxalion sironds FRESTRESS REOUIREMENTS Span Delals per sheel no. SO02/
Sirand Minimum Initia! Feguired number ond Ceniro/d for Dislance | Comber Lelleclion Minimum
Zype breafing Fension localion _of sirands rolal number of sirands| from £ limi'’s diqgrom concrele
slreng/h Tolal | Sirepht slrands Dreped s/rands O/ span fo slrenelh
number | Mumber | Cenrroid | Mumber | Cenlrord (n.) g7 ¢ 47 4 7 /?0/‘7/’7/0 wrn A B | C|af time 9/’
185,/ trond | /bs /s trond | S7rands| sirands|  (in) |strends| ¢ spon|Beam end gt sam e pomn’ elease (ps.
6100270 K-LR| 58600 | 43,950 | 24 20 3,50 7 350 | 5000 3.50 /.25 9-6" 0 10 2"\ 72" 72" 0" 5400

LLEVATION  ~

NECFRENE FPAD DETANLS

In no case shall negprene pads be [reld cul.
Bearing area on lop of cgp shall be cas’
smoolh and Jrue Jo grode.

Ut siresses are /n sccordence wilh AASH. 7.0, Z0/9 with Z0/6 /nlerims.
Stay-In-Flace Mela/ Deck Forms............. /8 6T (BTW flonges)

MISSISSIPPI DEPARTMENT OF TRANSPORTATION

i BRIDGE AT STA. 1077+37.88
95 FT BEAM DETAILS

z BEAM NO. 95-1 (BT-54)

2ris: 102207 / 302000

COUNTY: Marshall

WORKING NUMBER
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PLAN
BRIDGE DIVISION
MISSISSIPP] DEPARTMENT OF TRANSPORTATION

22: 2@ AMPM DGNFI LENAME

STATE PROJECT NO.
MISS. |BR-0060-03(021)
139-9" oy Jengrt)
See part 86 spoces @ /9" See part
P FLAN below Double bars K & Siggle bars T FLAN below P
R L 1| .
30"
Zbgi/”\HHHHHHHH\HHHH\ I S A B | I e e Iy S | (NN RN /Zbea/zz
(RN R B B T B B B T T Bors T~ *5
£ ot PLAN OF TOP F1ANGE Lot 1
5
134"9" fpay legprt) —Zj ~
7" 7"
q\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\HHHHHHHH\H
. JURS
£ digph inserls (ext. beams) ¢ digph. snserls (exl. beams) ;{ i
. £ 2% holes (nl. beams) SG. of ¢ 2%y holes (inf. beams) PEAN ‘h
Draped strands § '\*
N [N R
> ~ °
S st /36" N S © Jorie
) (70 hold down pr.) (7o hold down pl.) PL \i“
£ Jaminaled pad 674" ¢ boom 674" £ Jommaled pad m— 1“\
NOTE: Cut sirends [lush and wealherprool/” wilh limesione colored "Sonolestic” (Someborn Building Froducts),
[ FVATION GC-9 Synthacalk ™ (Pecora Corp.), or gpproved egqual, meelmg Ihe requirements of federal
E—— Spec/ticalion No. T7-5-0022 7ég Or 77-5-00230C, gpplied sccording 7o Manu/eciurer s direciions.
/é/”
2
P " P P /
2" /16 @ 4 606 10" Bars K & T % ~l
7~ 4" strands 36" 0=/" S
Double bars S5 pulled o 2000% — e
N /-9
NN < — #
S T A T A A T O O O e e \QT\“\# Bars K D Bars 5 —Bor T bars L ~ 73 bars 5~ "5 Bars K ~ 75
T VN A A— * [ ¥ r/'//J
¥ ¥ 3o+
3 //T) o Draped sirands
S EEE e | " 04 sE0DIG GETALS
¢ beam ~ /6" x 9 £ L//bf/z. ;/'/759//;5 or Limensions are oul fo ouf
R B e e B RS Y -
S L kx
77777777777777777777777777777777777 '\S i i e
< 5
ol N S = GENERAL NOTES:
RN Ry} NS % 7 's5/55/00/ 7 %
PART P AN < E % \\‘] 56%jajﬁe//;j@ﬂfﬁgjjﬁfﬁ}//g/: ;ngf;@ﬂce with Mississjpp/ Siandard Specificalions for
= The Fops of beams shall be rp;gﬂﬁ floated, A7 gpproximalely 1he Fime of inifia/ sef
i The enlire lops of beams shall be scrubbed Iransversely with o coarse wire
Gars T \2 © e | N I brush fo remove o/ /a/Tance and produce & roushened surface [for bonding s/ab.
SN S IR N Orher surl/sces shall be 7inished per 75/)95//’/’0@f/’0/75.
N < LU L N Sirand palfern defaled is for C.6 ¢ 270 K-LR sirands. Shop drawigs of presiressed
10" S i . beoms shell include The Type and localion of &/ s7rands.
> ‘E % Bar [ Bor | R f/?eb Lirec/or i/’ 5/4/2/5%/55/, ifﬁfi Oridge ff/?//??&@/’ shall be nolified i fhe cember of fhe
s 9! SIS eam /s nol wilhin Ihe limils shown in lable.
W PN @ (N s o i oe N The Fabricalor shall provide comber dola of relesse and immedialely prior Jo shipping.
~ ITeesiaieasw = Ef%%% %%%fﬂ ™ Concrele shall be class FA” and:
< © MRS AAAAN <o (@) shall have a Z2E-day cylinder slreng?h of 7800 p.s.r.
— s 1 \07 p , (b)) o7 Tronsfer of Ihe Jensioning losd, Ihe cylinder slrenslh of Ihe concrele
/13 @2 RS ‘o amler eac sholl be as shown i Ifable.
22 side of beam §" AF the Controcior’s regues’ o suggesled concrele desjon mix will be furnished
Dreped strand: 7 .
P rapea siranes wilh The underslanding 7hal /7 15 The Conlracior s respons/biiify o memiam
K 38 ~ 06" 270 KAR stronds 7800 p.s... concrefe.
LDouble bars 5 N @ 43950%=/ 582 200% /f any cylinder lesls below 7800 p.s.., Ihe beom represented wil/ be held on
SECTION MEAR ¢ SPAN ! T FND L EuA TION /j;; gjgz/ ;/;7;;/&/5?/; (/Zﬁfday s/renelh /s delermmned and scceplance or rejec’ion
N 1-17"
2 174"
Bors | NOTE - ¢ boom | L
S 2l For beam penera/ noles, beam bevels, sloped pleles, ¢ beors 7‘ : O
bescring pad delas, olher beam delas see e 11 L <} 7'\'1 > LLESIGN DATA
sheels no. SOZEE023. | T Wl s Unit slresses are /n occordance with L.RF.LD 20/ with 20/6 inlerims.
"S-
Goom end ¢ Jominated pad I I Sleoy-in-ploce Melal Forms . .. /8 ST (between [langes)
g’ PART ELEVATION ‘
Sironds not shown ror clerity ALAN 5, lopers~( 4 gouge steel
o €59 **/ L »| MISSISSIPPI DEPARTMENT OF TRANSPORTATION
7" feyer—y
44 toyers—1_| 1 BRIDGE AT STA. [077+37.88
7" toyer—1 E,(\‘A
RESTRESS REOIIREMENTS For delleciion diggram, see Miscellaneous LLEVATION 1 3 5 FT BEAM DETAILS
LR indicales low-—relaxalion sirands Span Lelsils per sheel no SO2/. B E A M N O 1 3 5, 1 (B T — 7 2)
Sirand Minimum Initial Required number and Cenlrornd for Lislonce | Comber Lefleclion Minimum § :
Type brecking Jension Jocalion of s7rands Jola/ number of sirends| from £ Jimi7's drgeram concre/e LAMINVATED FPAD DETANILS %
slrenglh Joral | Sireehl sirends Lraped s’rands on./ span o srenglh Teslmg acceplance procedure shof be in sccordance &
number | Mumber | Cenfrord | Mumber | Cenlro/d (in.) 4r ¢ 47 4 » hold~down A | B | C |ef time of f/;zzmj,;fz;%//z{i!g?;‘;é% éﬁgmf//?%;!%@f “h &|FMS: 102207/ 302000
[b5,/5 Frond | 1655 trond | $7rands| strands|  (n) |strands| € spen|Beam end i con e\ pom? elease (ps/ A B ot S o iR COUNTY: Marshall
7 Beoring area on {?7 of cap shall be cas? smoolh WORKING NUMBER
0’0 270 K-LR | 58600 | 43950 38 26 4/9 /2 75 63.5 5.24 2292 12-9" (0 70 32"\ 23" |22 | 0" 6500 ond “rve fo grode.

PROJECT NUMBER: BR-0060-03(021)
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PLAN
BRIDGE DIVISION
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22: 2@ AMPM DGNFI LENAME

v Z STATE | PROJECT NO.
2
AN OF JOF FLANGE MISS. | BR-0060-03(021)
948" (poy lenstt)
See_part 52 spoces @ 16" See parl
; FLAN below Double bars K & Sipgle bars T FLAN below , 32"
/4}»* //7 4/// //704/// *L
Bors T~ %5
¢ deam [N | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | [N £ beam 3, T °
FPETETEETTT e et 0 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | [ERRRR \Lﬂ%\‘ \"\ Trve 90
N A bends
¢ joint — ~—£ ot 2/4//’
1/
998" (poy length) %
7 )<
0=/ q
L L | yn |
?\1 }’ diaph. inser’s (exl. beams) K bors [~ '
‘g RS ¢ 2% holes (int. beams) Dra 0/27‘6/6/7(22 N L,
| o - a
¥ Bors 5 ~ *5 /-1

L £ neoprene pad

EN

LART ELEVATION

Sirands nol shown for clarity

LLEVATION ™~

NEOFRENE FAD DETANLS

n no case shall necprene pads be [reld cul.
Bearmng orea on Jop of cop shall be cas/

For deflection diggrom, see Miscellensous

smoollh and Frue To grade.

LR indicales Jow-relaxslion sirands

FRESTRESS AECQUIFEMENTS Spen Derarls

er sheel no. S02/

Strond Minimum Initial Keguired number and Cenlroid for Listonce | Comber De/lection Minimum
Type breaking Jension localion of sironds Jolal number of sirands| from £ Jimi7s d1gerom concrele
slrenglh Jols/ | Siraeh? sirands Lraped slronds ont span 7o sirenglh
number | Number | Centroid | Mumber | Centrord (in.) a7 ¢ Iy > /?O/V"ZUW” A B | C\ar Time 0/’
/655 rand | I65/5 irand | S7rands| sirends|  (n) |sirends| ¢ span|Beam end P e e poin’ elease (ps/.
6109270 K-LR| 58600 | 43950 24 20 350 7 350 | 5000 3.50 //.25 951" |0 0 2"\ /E2" /20" s900

Bars K ~ 75

— 95 95" £ neoprene pad J *ig/ﬂ
(To hold down p7.) (To hold down pl.]
i ’ ’ » BAR BEMOING DETAILS
974 ¢ beam 974 Limensions are oul fo oul
NOTE: cut Slronds [flush ong wealherprool” with limeslone colored "Sonolastic” (Someborn Building Products),
£ F VA TION GC-9 Synthacalk ™ (Fecora Corp.), or gpproved equal, meeling Ihe requirements of federa/
” —_— Specificalion No. 77-5 *00227&5 Or 77-5-00230C, gppliad accordme 7o Manuleciurers direc’ions.
7~ 19 stronds ” e ¥
#
2" /404" 506" o) Bors K & T pulled Jo 2000 L
— -6
Double bars 5
\{“NL < Bors K \\VN Bors 5 —Bor T
Ny h V. J 7 | ~— [ . I P T
1 T 1| — T T ——— 1 — T — — T Ad ® L4 — Ld L & g
Tgt—lf ﬁ/AL/) - Draped slrands £ digph. inserfs or
et o e et e e R 2 o = o
£ beam ~_ [ - e > mi
o - o %
e : AN :
< s S A N
T \\‘Q \$ i RS N
77777777777777777777777777777 N ™ o RS
K B
38 3
/0" R S, B .
PART PLAN BN S b % % o -
N S| ] -
5” e S e N GENERAL NOTES:
Bors T © IRRRRESARRNN o NERERRRRRRRRS| Beams shall be manufociured in accordance with Mississjpp/ Standard Specifications /for
s s \ Foad & Brigee Cons/ruction, 20/ 7.
3ez B oot Chamfer each The Jops of beoms shall be roygh flosled. AF approximelely rthe Fime of /mnitial sef
Draped slrands side of beam ] 1he enlire fops of beams sé// be scrubbed Transversely with & coarse wire
/o brush Jo remove a/f /ailance and produce & royghened surface for bonding s/ab.
22 24 ~ 6/10"9270 KR stronds Olher surfaces shall be [inished per specificalions.
1395071 054 800 Sirand patiern delaifed /s for 6109270 KR sirends. Shop drawings of presiressed
N @ 43,9507=1,054, beams shall include rhe Iype and localion of &l siraonds.
The Direclor of Siruclures, Siale Bridge Lnomeer shall be nolifred i/ Ihe camber of 7he
SECT/ION NEAR £ SFPAN END ELEVAT/0N beam /s nol wilhin The limits shown in Table.
The Fabricalor shall provide comber dale of relegse and immediafely prior fo shjpping.
Concrefe shall be closs AT and-
Double bars EN (@) shall have a ZE-day cylinder sireqslh of 6500 p.s...
(b) al Iransfer of 7he lensiomng load, Ihe cylinder sirenslti of Ihe concrele
L shall be as shown in 7oble.
/=17 A7 fhe Confraciors reques’ o suggesled concrele desjon mx will be [furnished
e & wilh 7The undersionding 7hal /7 ss Ihe Conlraclors responsibilify 7o mainiam
<o 2 2 6500 p.s... concrele.
NOTE: Z peam /f any cylinder lesls below 6500 p.s.i., The beom represenled wil be fteld on
bars [ > For beam geners/ noles, beam bevels, sloped ploles, o f/é ard unti/ the E8-day sirenglh /s delermined and acceplance or rejeclion
h ) ) £ bearmg Oy A ’ v 74
é;ir/;g’ pidﬁdgﬁdé@éa;;ﬁer beam delalls see } I3 has been eslablished.
sheels no. 7 2 >
| §
Beoom end —=1 . £ negprene pad @ Benl No. 4
g
/0" ¢ necprene pad @ Bent No. 3 LAY PESIGN DATA

Unit siresses ore in sccordsnce wilth AAS.AT.0., P0/9 wilh 20/6 mlerims.
Slay=ln-Flace Mela/ Leck forms............ /8 BT BTW Flanges)

MISSISSIPPI DEPARTMENT OF TRANSPORTATION
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PROJECT NUMBER: BR-0060-03(021)

i BRIDGE AT STA. 1077+37.88
95 FT BEAM DETAILS

z BEAM NO. 95-2 (BT-54)

Zris: 102207 / 302000

WORKING NUMBER
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PLAN
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STATE PROJECT NO.
FLAN OF 7OF FLANGE
109-2" oy length) MISS. |BR-0060-03(021)
See parl 2/ spaces @ /-0" 35 spaces @ /6" 2/ spaces @ /-0" See parl
FLAN below Double bars K Double bars K Double bars K FLAN below
5" L & sigle bars T & sipgle bars T & single bars T 2 !
¢ beam O e e e A O S | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | T o O o o e e N RN AR AR R ¢ beam
I e e e e e e e e e e e e | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | [ R
£ ot £ jomt
LLLEVATION
/092" oy lenpth)
LLLLILE i b bl Lo bbbyl
i ] CG of C i
N = N = N
A : Draped slrands ; L A
B L o o J B
£ oeqprene pod (7o hold down pt.) (7o hold down pt.) £ eqprene pad
54-7" ¢ boam 547"
NOTE:Cur sirands flust-no cosling required (both ends).
2" /909" 506" bars K & T ,
Double 7~ 1 strands
ouble bars 3 pulled “To 2000 o
7 1"
15 A Y T O ) T I N A S N 173" 17"
?*3\‘\ Dors K N Bors S
N £ 5
— N N —| o VIR o —_ *i I N " " " rﬁdf ! ¢ éeare/zjf )
o e b —|— T—r——T— 1T = —— hd o ¢ hd id * i * } N
7 beam ~_ Eﬁi‘i‘i’:.:tiij:‘*‘f’:t‘tfff 7‘7:‘(’7%’:7*7 7’:i:‘|{ii:‘*‘f‘*.:%’:: h f I /Eﬂar a e 1 /0ﬁ5p6(f§fﬁﬁ/ﬂ/5 S
= —] T J s
R e e e e e ) e A== R | *
z — = = [ e D A ] C i bl —]
E — < 5 —] E
I S A < . 5 —3 ;/j*/a x 38" FLAN
g N } B = 4" pros) ‘ {
¥ kN ™ s E S N
’ 2 v/ 8 LLEVATION
PART PLAN o3 N
Z Sls S X
< 10" o . Bor L™
Sy S gy o NEOPRENE FAD DETANLS
; Ny E @* ~ >¢ \\(4 N F4 N//#/ 0x 48 n no cese shall neoprene pads be fleld cuf.
i Bears T- N 11 f‘ﬂ‘f > A\ — 19 19 w = * “47 proj) Bearing orea on fop of cap shal/ be cast
8 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ o perininniii =] [ﬁg HEHH @J : smooth and Irue lo grade.
* /302 i&‘# 5//‘4/4/4/4/‘5” Chamler each »
Draped sfrands o swde of beam g GENERAL NOTES:
ot " K Beams shall be manulaciured i accordance with Mississppl Slandard Specificalions for
Y Y 2z 5z~ 5//5 0270 /(’Ui slrends Road & bLrigge Cons’ruciion, 20/ 7.
@ 43,9507=/,406,400 The fops of beams shall be rough [floaled. A7 spproximalely ‘he Jime of inifia/ sef
The enlire Fops of beams 505;// be scrubbed Trensversely with & coarse wire
brush fo remove o/l la/fance and produce a royshened surfoce for bondine s/ab.
Double bars 5 AN AN — SECTION NEAR ¢ S5FAN END ELEVATION Olher surfaces shall be [in/shed per specificalions.
Slrand pariern delailed /s for 6//0 9270 K-LR slronds. Shop drawimgs of presiressed
— - , beams shall include rhe Fype and localion of &/ sirands.
A" 5 The Direclor of Siruclures, Slale Bridee Lnpmeer shall be nolifved /f 1he camber of Ihe
beam 15 nol within The liumits shown in Table.
N N The fabricalor shall provide comber dols al refease and immediaiely prior fo shpping.
= — Concrele shall be closs X and-
Bors [—= S — () shall hove o ZE-doy cylinder strenglh of 7700 p.s.i.
b/ al Fransler of the lensioning /oad, Ihe cylinder slremslh of Ihe concrele
= — shall be as shown in Iable.
A7 The Conlreclor s reques’ & suggesled concrefe desin mix will be [furnished
Beem end —— [~ L neoprene pad ¢ negprene pad L, =~ Beam end with he wundersianding 1hal /7 /s Ifhe Confrocfors responsibility o meinfam
P 6 7700 p.s.i. concrefe.
30" I any cylinder feslts below 7700 p.s.., Ilhe beam represenfed will be held on
PART F1FVATION The yard unfil The Z8-day sirenglh is delermined and acceplonce or rejeciion
. has been esiablisred.
Sirands nol shown for clorily N 4
Ry N e 0° dre DES/GN DATA
A A bends Uni? siresses ore in sccordence with AASH.7.0., Z0/4 wiih Z0/6 mnierims.
NOTE: Slay-In-Flace Melal Deck Forms... A8 L (belween [longes)
For beam genera/ noles, besm bevels, sloped plofes, S
bearmg pad delals, olher beom delalls see 22
5/?66/@0 no. SOPE,E029. SV
B »| MISSISSIPPI DEPARTMENT OF TRANSPORTATION
0=1"<"|;
-] BRIDGE AT STA. 1077+37.88
| — ‘ 110 FT BEAM DETAILS
* fars &= 7 BEAM NO. 110-1 (BT-54)
For defleclion digeram, see Miscellaneous Bars 5~ 75 /=" z o
LR indicales Jow-relaxalion slronds FRESTHRESS FEOUIREMENTS Span Lelails per sheel no.EOZ/ 3
Strend Minsmum V2l Reguired number and Centroid For Listonce | Comber Lefleclion Minimum Bors K ~ %5 5
Type breaking Jension Jocalion of slrands foral number of sirands| from £ LimiTs digeram concrele a|FMS: 102207/ 302000
s’rene’h Jolal |Sireweh’ sirands Lraped s7Fronds ./ span o 5ff€/7aﬁf/7 COUNTY: Marshall
number | Mumber | Centroid | Mumber | _Centroid (in.) AF ¢ spon AP beom end thold~down A 8| C |af time of LAR LBENOING LDF TAN S i WORKING NUMBER
[b5/s Frond | /bs/s trond | S7rands | strends|  (in/ |sirends| ¢ spon|Beom end 7 pomn? elesse (ps/ Dimensions are oul fo oul PROJECT NUMBER: BR-0060-03(021) 24 OF 3@
67100270 K~-LR| 58600 | 43,950 32 26 4/9 6 450 | 49.00 4.25 1259 | 10-r7"0 f0 2" | 2" 0" 6300 )| DESIGNER __Thomas Ten CHECKER__Spencer Yates | SHEET NUMBER
i~ | DETAILER ISSUE DATE ___2016-07-12
b3 DIRECTOR OF STRUCTURES, STATE BRIDGE ENGINEER - JUSTIN WALKER, P.E. 80726
DEP. DIR, OF STRUCTURES, ASST. STATE BRIDGE ENGINEER - SCOTT WESTERFIELD, P.E.
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PLAN
BRIDGE DIVISION
MISSISSIPP] DEPARTMENT OF TRANSPORTATION

22: 2@ AMPM DGNFI LENAME

NOJE:

For beam general noles, beam bevels, sloped plales,

beary,
5/566?5

pad delalls, olher beam delals see
ne. 8028 E029.

LR indicales low-reloxalion sironds

FIRESTRESS FEQUIREMENTS

/n no case shall negprene pads be [reld cul,
Leoring arec on lop of cap shall be cos’
smoolh and Jrue fo grade.

For defleciion diagram, see Miscellaneous
Span Delsils per stheel no. BOL/.

Sirand Minimem Initial Required number and Cenlrord for Disfance | Camber LDellection Minimum
Zype breaking Jension localion of slronds fora/ number of sirends| from £ limi7s digeram concree
sTrenglh Jors/ | Sirapehl sirends Lreped sironds (in.) span o slrenglh
number | Mumber | Centroid | Mumber | Centrorid (in.) Jr e ) / hold~down A | B | C |7 Time of
/b5, Frand | Ib5/5 irand | S7rands| sirands|  n) |sirends| ¢ span|Beam end P com e pomnt elease (ps.
6710 9270 K-LR| 58600 43,950 24 20 3.50 4 350 | 50.00 3.50 //1.25 9-A" o 10 23" 12" /3" 0" 5200

LAMINATELD FALD DF 7ANL S

Jes /i
wi,

acceplance procedure shal/ be in accordance
section //4./0.6 of the Specilicofions.

Llaslomer shall have o hardness gf 50 duromeler with
g mimmum Shear modulus a7 73/2F of 085 Ks.i. And A
/

mExImum  shear modulus al 73

Bearing aree
and True Jo

of . /00 f.s.r.

on {'(/)p of cap shal/ be cas’ smoolh
.

grade.

FLAN OF TOF FLANGE 5" STATE | PROJECT NO.
o 1
995" (pay lenglh/ [_EL/, MISS. |BR-0060-03(021)
See parl /6 spaces @ /0" 3/ spaces @ /6" /6 spaces @ /-0" See parl
FLAN below Double bars K Double bars K Double bars K FLAN below
2" L. Va & sipple bors T & simgle bars T & sipgle bars T A" 2 i
a0 N 5/72//
£ beam ~ O b | | | | | | | | | | | | | | | | | | | | | | | | | | | | | s ) | RN £ beam Bars T~ *5
R e e | | | | | | | | | | | | | | | | | | | | | | | | | | | | | [ R
¢ o ¢ ot i@\\ T\\N True 90°
Joinf —— _Join ; ~ bends
LLEVATION ~ oo
. 945" (pay fengrh) ) ﬁ2 )
B
LUCEL Ll Lol 7 N
0=/ q
i } digph. inserts (ext. beams) i S i ‘ /-9"
3 2’y holes (int. b ca L N L #
¢ 2% holes (int, beams) Droped G220 " Bars [ 2
Ny y
¢ lomnated pad (70 hold down pr.) (To hold down pl.) ¢ neoprene pad Bors K ~ 75
472" [~ £ beam 772"
NOTEFor seam end with */0 bors projeclnglRr. £nd), cul slirands [lush-no coaling reguired. 36" 4 ~ /" slrands
For //Of/m/ éea@ end(l 1. [ndl, cul sirands /’/z/5/7// and We@//?e/prpof with limesZone colored ‘ led fo 2000# Bars S 5/4/? 55/\/5//\/6 LDETALS
Sonolastic” (Someborn Building Froducts), “GC-9 Synthecolk” (FPecore Corp.), or gpproved N r Limenssons are oul Jo ou?
equal, meeling The requirements of, Federa/ Specificolion Mo. [7-5-00227E Or 77-5-00230C “%“J < Bars K X IS Bor T X
gpplied according To Menufaciurer's direclions. ~y ‘ :\.: [ AN 7 71 ‘ e *i
! I 3 J . L — % ol ie [J
T / = / Draped stronds £ digph inser’s or
1\1 | /6" |’ £ 20 holes
2" /104" 506 W Bas K8 T ‘ 5 5 LN
- 3 3
R S —3~f10x 3-8" |3 R
Louble bars 5 s = ‘E 4" proj) ‘E i\:\
N o RS N RSN N
N e IR o RIS
11 TT I rrr T T T T T T T T T T T T T T K3 = >
LN = \%E A S
SR B SsSEEema S a : :
¢ b [ T i T I T T T T T [ I Sl ] s N s 1S
— = d 8 © v W 0. 780 |S
- —— [ S e —— - - = — N I NI < 4" proj)
== —I= i e e e o e G —= N Cod gy AR AL e -
SOy o © IBARELSARRRE = H%“ H ] = =
77777777777777777777777777777777777777777 /3 @;\ﬂ Sy 5 ‘4 77 41‘5 \ Chamter each . L, ,
Draped strands side of beam J 22 side of beam J
Y 2-2"
22 24 ~ 6/10"9270 K-LR sirands FND F1FVATION
LPART L AN @ 43,9507%=1,054,800% Showing elevalion af
o SECTION NMEAR ¢ SPAN D _F1 EVATION simple” end
ars Showing elevalion ol
L] contindous end GLENERAL NOTES:
Beams shall be maonufacliured i accordance wilh Mississppl/ Sitandard Specificalions [lor
foad & Lrigge Consiruction 20/ 7.
/-77" The Tops of beoms sholl be roysh [losled. A7 gpproximalely The lime of imlia/ sel
rhe enlire Ffops of beams shall be scrubbed Ironsversely with & coarse wire
Ll 7" //2/// //2/// brush To remove a/l laifance and produce & rouphened surface for bonding s/ab,
77 77 f Orher surfoces shall be Finished per s, ec/ticalions.
/1z /17 2 besm - i Strend paltern deralled is for 6109270 K~LR sirands. Shop drawings of presiressed
¢ boom — ! ‘77777ﬁ‘ 77777 T beams shall include The Type ond focalion of &/ slrands.
—] ) ‘ £ teoring | ! \ The LDirector of Siruclures, Siale Bridge Ensineer shall be nolilied 1 fhe camber of 7he
Douvble bars 5 J 4 £ bearing — | O i ! | ~ beam /s ol within Ihe limits shown in Table.
e RS [ I N N The Fabricalor shall provide comber dale o/ release and immediaiely prior Jo shjppmg.
— ' s | | s Concrefe shall be c/ass and-
! h B ] ‘ (@) shall hove o 2E-day cylinder sirensth of 6000 p.s...
I - (6) o Fronsler of 1he lensiomng load, Ihe cylinder sirensth of lthe concrele
N AL AN shall be as shown in Jable.
— —_— Pl AN A7 the Conirecior s regques’ o suggesled concrele despn mix will be [urn/shed
Lars [ > — 5/ /iyjf’[5~,/4 Civ e stee/ with The underslonding 1hal 1T s The Conlraclors respons/biify 1o mamlam
Ps-97 x/ =707 6000 p.s.i. concrele.
— 1 7’ ayer I any cylinder feslrs below 6000 p.s.i., Ihe beom represenied will be held on
L . j:‘ : The yard wun’i/ fhe ZE-day sirenglh /s delermimned and acceplance or rejeclion
Beam end —— " ~— £ Jomipaled pad £ neaprene pad —— 5 t~— Beam end LLEVATION ~ 4“2/ /dyéfjii — = i has been eslablished.
b 1o in
s DESIGN DATA
5#5/%? 070 f% i HVA/OC /@5// »” NEOEEPENE P40 DETAN S ST VA TION U7 siresses ore in accordence with AASH 1.0, 20/9 with 2016 inferims.

Stay-In-Flace Melal Deck Forms................ 18 1176 (belween flanges)

MISSISSIPPI DEPARTMENT OF TRANSPORTATION

i BRIDGE AT STA. 1077+37.88
95FT BEAM DETAILS

z BEAM NO. 95-3 (BT-54)

Zris: 102207 / 302000

COUNTY: Marshall
PROJECT NUMBER: BR-0060-03(021)

DESIGNER Thomas Ter
DETAILER

WORKING NUMBER

25 OF 30

CHECKER__Spencer Yates SHEET NUMBER

ISSUE DATE 2016-07-12
DIRECTOR OF STRUCTURES, STATE BRIDGE ENGINEER - JUSTIN WALKER, P.E. 8 @ 2 5

DEP. DIR. OF STRUCTURES, ASST. STATE BRIDGE ENGINEER - SCOTT WESTERFIELD, P.E.

DATE
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dtomley
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D-3  

Sample Plans for MDOT Project in Leake County


1P ar ¢ bearing (1yp.)

.

3

/-5" 390" clear roadwsy (radislly) /-5"
170" tradially) 170" tradiatly)
N p * "
DS 8" nominal slab Ihickness with 2.0 % slope Bors 6 & C =75 ‘97 g .
N For Igp of slab remlorcmg see Sheel? No. /5
S Top & bollom of siab. 57 197 Gors long. in botiom of slab.
> oY
S
%\ For rading delails
LR see Sheel Mo. RD-32
YN,
RN N N kY R
N . \‘Rﬁ <~ Bors CX spaced @ /-4 W N
5§ S| 3U8" Drain Holes Per e’;:\ < o
o . N/ etals per Sh Mo 22 ; Frnish grade B 0.02 It per I1. slope (reverse crown) Bors B Bors C ‘ B
% — "‘/ - — = AN - : :
*U\L . fi - = F N \%T ‘5 |7 drip bead per details on Sheet No. 22
L¥ j s Tight form; coulk as necessary /ro
~ [ prevent leckage & silaming of
Dizptragm inserts and lags/luds i l:j outside face of beam.
per delails on Sheel No. 22 \ J
Top of cagp— L g
) d 70" /] spaces @ 64" 10"
n” *7 bors long.
;g = 7. X e /-0t /38
Sh e;;}r/ Pff}/ Lg-*506"1/ rs (lyp. each bay)
Lo-*8:29"-6" ~— £ approoch roadway
Varres 7-73" 7-73" 7= 7= Varres
PART SECTION NEAR BRIDGE LMD PART SECTION NEAR MIDSPAN
Showrng end digplragm deladls Showrng slab rem/orcing
i—lﬂ 180 Bars £ & C spaced @ ,5 7 Keyed cons’. ”Jb/{?” NOT? E‘/i//oye lransverse édrs” o clear
7 90 Bors CX spoced @ /-4 see deted "J . conslruction jom! 12" where required.
1 5 bars long.
771 “4 bors long , o 2y
£ Consfruction joint *4 bors long. /4 bors logg. NO fé_.'ﬁxap/}r@m al inl. sypporl sholl be 4
700/ finish ‘o i op poured monolithic with slab. L
di” rao//ll's ! [ ] o0 0 o0 0 o0 0 o0 0 ". ./ I ] o o o \. .\.[ ..‘. ...“ ..’./ o © o ..\.\ o0 0 o0 0 o0 0 [ M ] [ ] e 00 [ M ] [ N ] o0 0
| ; —] —
, C B S W, S . 2 S N, S (A, S S S, S S, SO S, S, S . S S S S, S, S, S, S, S, . N
Gars A @ 1707 2~ 561" /4 b —ors v 0 /0% | i
ek hp | Z7) = | =" */0 sars proj from each = [ ] ~
4{' *T 2~ *8.20.6" 14" o/ | — beam 7we/o/eo/ Jo L 3x3xf N
" ~ x. - , A} . w L . 7 T N
14" otong i L L L L L 6 ~"5x30"-10 ’_-1 with i~ e} welds; see defai T \{ N
£deor | |l 2~ "6l 1P | —u—‘ NN
¢ jomt il N ! ‘
AN 7 m/ 5
1" ok typ. ; . el ) 3" o’
. <?/“7}’P ¢ neaprene bearing pad 1 i 1 10°x/ "5 neaprene pa DETAN ” ./”
Y /-0" i 1 *9x/"-9" dowel with 9" prosection
i - ‘ ' per inl. benl delarls
14" ¢ tominated pad ~ Ben? Mo. / & /2
/-0"|¢ lominated pad ~ Ben’ No. 4 & 9
? SLECTION B-8 SECTION C-C
N SECTION A-A - —
SN
s
~ R
%
7~ bors U @ [/-0"¢
§0\ 6 ~*5:30"-10" (Typ. eacth bay) o
I ) 6-0 ) N
N / / | | ¥ N
. ) 9
—+ : 1 ] — BARS X ~75 ¥
I ] #10 bars proj. from beom welded /o "Q
| o | ] | L3x3x)  with L fillet welds, see S
: Detail "T". oy
| Y | 1 | ‘ 366 ‘ o
: i
hd | BARS U ~*4
w ] f ; JTop of cop BARS BLC ~*5
T
: |
Ml I
i NOTE See Int. Bent Detoils for
i

PART SECTION NEAR

plocement of *9xl-9" dowels.

/0" INT. DIAPHRAGM

LAR BENDING DETAILS

Dimensions are oul fo oul

STATE PROJECT NO.

MISS. |BR-0521-00(006)
10 bor 4
L 3x3xd
SECTION K-K

yp.)

*/0 bors proj from

~—£ digplragm
end of beams.

OE7AL "T"

NOTE:

Conlraclor should be oware of possible

Iilting of exlerror beams during consifruction

of %e syperslructure ond should Ioke precoulionary
sleps lo preven! such Iilting of beams.

NOTE:

Transverse bars B & C are ploced on
radial /ines spaced along £ gpproach
roadway arc. Long/tudina/ bars are placed
concenlric fo £ gpproach roadway arc.

NOTE:

Insure that holes i besm webs are complelely
lilled with diaphragm concrefle.

Fresiressed concrele beams and bearimg delorls
per sheels no. 43-44

NOTE:

The volume of concrele in the lillels belween Ihe bottom of
the nominal slab and the lop of Ihe beam has been eslimaled
by usipg one hall' (1/2) of the Fille! heghl, of Ihe bearrng,
multplied by the rop flonge widlth and the [ull length of

the beam. This volume shall be used [or final pay gquanlity.

NOTE:
For GEMERAL NOTES, /Pax//g jD{gfalls and other Typical Span Delerls

see Sheels Mo. [/, 22 & K

DESIGN DATA:

Specilications . . . . . . . . . .. AASHT.C, LRFD 2012 and Int. thru 20/4
Loadigg .« « . o v i e e HLIS

Slab Slresses . . . . . . . . . . /5=24,000 p.s...; c=1,600 p.s.i; n=8
Fresltressed Beam Detadls . . . . See Sheels Mo. 23 & 24

BY

MISSISSIPPI DEPARTMENT OF TRANSPORTATION
BRIDGE AT STA. 800+25.21

40 FT. SPAN DETAILS

2
§ 100592/301000
PROJECT  BR-0521-00(006)
WORKING NUMBER
LEAKE COUNTY | 16 oOF 31
w|DESIGNER ___ Spencer Yates  CHECKER__ Kevin Champney SHEET NUMBER
~ [DETAILER ___Korey Beckman ISSUE DATE __01/14/2015
3 DIRECTOR OF STRUCTURES, STATE BRIDGE ENGINEER - JUSTIN WALKER, P.E. 8019
DEP. DR. OF STRUCTURES, ASSIST. STATE BRIDGE ENGINEER - SCOTT WESTERFEELD, P.E
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STATE PROJECT NO.

/5" 340" clear rosdwsy /-5" MISS. |BR-0521-00(006)
17-0" 170"
Bors £ & C =75 06"
38 -7 4 bars long. in fop of slab.
70 -7 4 bors long. in bolttom of slab.
” For raing see delails on
w|~ 8" nominal slab thickness with 2.0 % slope Sheel No. KD-32
NS (Reverse Crown) lop & bolttom of slab.
NN
2l ® . .
\H | 5 Re
N T-boars X @ //4"+ AR R \(‘\‘
% $
) A 3 0.02 It per /1. slpe (reverse crown/
AY N 348" Droin Holes Per > N — £ 7 Bors B Bars C
/ delails per Sh No. 22 Finist grade Y i
N - : -
S - /) ] T - N : * -
*0, | / . — < \‘5”4’ " drip bead per delails on Sheel Mo, 22
- / N ———wht form; coulk as necessary o
prevent leakage & slaming of
oulside foce of beam.
Digphragm inserts ond lags/uds - N .
per delails on Sheel No. 22 =
Top of cg r l I T
p pj\ \\ ; - I . " "
L o-*5,09"- 7" &/ /5 spaces @ 5 &)
5/76”//»9 Y, 7-*5x5"-9 " //”4 éars/, /Zy.)
G L o *56"-8" — Tbors X @ //4"+ 1 eact Loy
~— £ gpproach roadwsy
Varres 7= 7-7" 7-7" 7= Varies
PART _SECTION NEAR BRIDGE £MD LART SECTION MEAR MIDSPAN
Showmg digphrem delarls ond slab remforcement Showing slab reinforcement
NOTE:
Conlraclor should be aware of possible
Tilting of exlerror beams during consifruclion
of" lhe superstruclure and should Ilake precoutionary
sleps o preven! such Filting of beams.
NOTE:
Transverse bars B & C are ploced on
radial lines spaced slong £ gpprosch
3 /60 Bors B & C spaced @ 6" roadway arc. Longitudinal bars are placed
- —— — concenlric fo £ approach rosdway arc.
|
" i Cons Fruction NOTE
4 — Gents Mo 7 & 9 i somt *4 bors long. Insure that holes in beam webs are complelely
/"~ Benls Mo 5 & & | . lilled with digphragm concrele.
i 72 T bors long. N Prestressed concrete beams and bearing delails
Tool finish o i A‘ o/, o per sheels no. 43-44
a J? /-do//‘/'s | (] C] (] (] [ ] [ ] [ ] (] / (] (] (] “’\ NOTE’
! 1_ e —— The volume of concrele in the /illels belween Ihe boltlom of
my 1he nominal slab and Ihe lop of Ihe beam has been eslimaled
1 2 ~*5x5-94" by using one kIl (1/2) of the fillet hegpht, of the bearing,
! mullplied by The Fop [llonge widl’h and Ithe full lenglh of
Ml — P Ihe beam. This volume shall be used for final pay gquaniily.
i /" 9
cl ‘ . I ﬁirs /l: @7”//; * # NOTE:
| 2~ 564 BARS X ~ 4 For GENERAL NOTES, Ratling Detodls and other Typical Span
12" along | 2 ~*en29-7" Delarls see Sheels No. [, 22 & RD-32
i ESIGN DATA:
¢ doom | T 366" R 2 A e AASH .0, LRED 2012 ond Int. tre 2014
N 2 ~*5x5"-Y ; Loading . . . . ..o e HL 93
| : Slab Sltresses . . . . . . . . . . (5224000 p.s.i.; fc= [,600 p.s.i; n=8
Prestressed Beom Detoils . . . .| See Sheels No. 25

70"

198" |t neoprene pad ~ Bent No. 4 & 9

/-0" ‘t necprene pad ~ Benl No. 5 & &
SECTION A-A

BARS BEC ~ *5

LAR BEMIING LDFTAN S

Dimensions are oul fo out

BY

MISSISSIPPI DEPARTMENT OF TRANSPORTATION
BRIDGE AT STA. 800+25.21

80 FT. SPAN DETAILS

2
§ 100592/301000
PROJECT  BR-0521-00(006)
WORKING NUMBER
LEAKE COUNTY | 18 oF 31
w|[DESIGNER __Spencer Yates  CHECKER__ Kevin Champney SHEET NUMBER
~|DETAILER ____Josh Wiltshire ISSUE DATE __01/14/2015
3 DIRECTOR OF STRUCTURES, STATE BRIDGE ENGINEER - JUSTIN WALKER, P.E. 8021
DEP. DR. OF STRUCTURES, ASSIST. STATE BRIDGE ENGINEER - SCOTT WESTERFEELD, P.E
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STATE PROJECT NO.

an O.REV. /5" 390" clear roadway (radially) /-5" \g MISS. |BR-0521-00(006)
170" tradially) 170" tradislly) X
” ) ) . Bors B4 C -75 @ 6. K
S nommal siab Ihickness wilh For fgﬂ of slab remforcipg see Steels Mo, /9 & 20 §
20 % slope (Reverse Crown/ 48 =75 bars Jo n bollom of s/ab 3
fop and botfom of sleb CH . <
< ~ & ~T5up9-g"
o) “ _
e o 7 bars U @ /-0"+
NN ~ N
D E For rating deians § O Oyp. each bay/
NI | see Sheel No. FD-32 L ;
3x8" dram holes N |
per delalls on S - N L o _lL ‘ H
N | Sheet No. 22 3 N 8 — o1
BN N| Frefabricared dreim w i{\ bars C \N < i ‘
e \W per delals on Finisth grade (reverse crown) N Leors O w : !
NY Shee? No. 22 — ‘ ;
: : - - I = — I —~ 3 617" drjp besd per delails on Sheel Mo. 22 N ‘ i
4 p— | S—— — r j R \4 & 1 i */0 bors proj from
Ll =, ” 7 ~ — Tphl formy coulk as necessary fo \"\ Y ‘ each beam welded fo
] 0/-% g9@7 2 preven! leakase & slamme of Y J L3033 with L7 Filter
— H i 75 fors Jorg. ! outside face of beam. s f welds. See Dets) T
(hyp. each bay) R <, H
Ligphraem inserts and /ags/uds o v i1 Y] [vlv
per delails on Sheel No. 22 1] | S 3:3 v\l L - ‘l/v‘::
== 1 ] "
a2 = ! / i
| u 7op of cap b~—— MOTE: See /nt Bent Detsils for
Top of cap T l v > 7
\ \ placemen’ of T9x/ =9" dowels.
o 4 L Pond S !
’ "
ol L “on6 6 L ttbors 1 @ 10" PART SECTION MEAR 10" INT. DIAPHRAGM
Lo-#5x52" L/ #5.08"-6" Dimension "T" = compressed pad Ihickness
~— £ gpproach roadway ~ For compressed pad Ihickness see Sheel Mo, Z9.
o N
5/79// 7/74// 7/74// 7/74// 7/74// 3/79// \\(r\‘ R E‘\J
Vorres Varres ~ &) P
PART SECTION NEAR BRIDGE £ND PART SECTION NEAR MIDSFAN s N s N
Showing end digplragm delals Showing slab rem/forcemens < ;Q ‘©
< INY
N S
9”7 97
NOTE:
3" 828 Bors B & C spoced @ 6" WNOTEwove troansverse bars to clear ° )
; Y " . # #* Conlrecior should be aware of possible
41 conslruction joint 27 where required. LARS X ~74 LARS U ~74 ///"///@; o/ exlerior beams (;7/0/’;7@5 20/75;/'05//0/7
. A . of" The supersiruciure and should Toke precaulionsr,
1 Keyed cons’. joint. MNOTE? Digpbrasm @ int. suppor? shall be sleps o é/’evewf such Filting of éedms.p ”
£ Jomn’ —=— See Dotar) )" poured monolithic wilh s/ab.
/" #5 pors Jom | s6-6" ‘ NOTE:
| Cons’. ~ Ea Tronsverse bors 8 & C ore ploced on
: o/ 5 bars Jone. redia/ lines spoced slong £ gpprosch
** Joo/ [inish fo ‘ S / z roadway arf.pl 0/75/7(/0//%/ édffpafé placed
o & rodius ; e L LARS BEC ~*5 conceniric fo ¢ gpprosch rosdway arc.
v e e Sy :'l__i'lil‘#_'_l;_.-'l_r;l_l_l_l_l_l_l_l_
2 o] —— i NOTE:
£ beam | BVe———— < = %} }% Insure Thal holes in beom webs ore complelely
Gors ¥ @ /-0"+ | ap A br— Bors © @ /-0 LAR BENDING DETAILS Jilled with diaphrasm concrefe.
; | | Limensrons are oul fo oul Fresiressed concrele beoms ond beoring delarls
/ ; | | per sheels no. I3-49
7 ~*a25" 6" | 1 i bl # T NOTE:
! 2 L & ~*5.29-7"| || 4 /0 édﬁ/jd/;fo/' 1/90/7_73’ @dfﬁ Jhe volume of concrele in The [illels belween Ihe bolfom of
! /Zf /' — IR ’;%p 75 /;/ f/ ¢ y 1/5X ”32 The nominal slab and the Jfop of Ithe beam has Lbeen eslimaled
N G Lol AL el walios. oee by using one half (1/2) of the [ilel hepht, of the bearing,
2 ~Fest2r Y mullplied by The Top flonge widlh and Ihe Iull lenglh of
M= % The beam. This volume shall be used for [inal pay guantity.
R | ‘ | ‘ : ‘ /n NOTE:
’ ” Fvo. -
2’ /-0 r ' Co] L ! For GENERAL NOTES, Railing Delails and other Typicsl Span Delails
/02/// } ¢ Jeminaled ped ben? 5 L & ! ,L’J P ‘ see Sheels No. [, 22 & RU-3Z
‘ ‘ M» ‘ Lammaled pad per delals LDESIGNV LPATA:
SECTION B-B Loysr b on Sheet No. 29 Specifications . . . . . ... .. AASHT.O, LRFD 2012 ond Int. thru 20/4
W _— : . £ neoprene bearing Loadig .« . . o e e HL 93
‘ ‘ Slab Stresses . ... ... ... f5=24,000 p.s..; fc=1,600 p.s.i; n=8
**NOTE: ] seat reguired af joint. Fresiressed Beom Delas . . . . See Sheels Mo. 26 &£ 27
See sealing delalls on Sheel No. 22 SEFCTION C-C

BY

MISSISSIPPI DEPARTMENT OF TRANSPORTATION
BRIDGE AT STA. 800+25.21

#10 bar i

138 FT. SPAN DETAILS

Iy
Y
2
S
N
S 2
—._‘ N S
RN # . R a
N N /0 bars pros /rom N— ¢ digphragm N o
v oy 10 sors prev ¢ oo . | proJgcT 100592/301000
- BR-0521-00(006)
" u _ " 2 & WORKING NUMBER
DETAIL Y SECTION KK oETAL ‘T ; LEAKE COUNTY | 2 6"
g [ EE?&?EEE_M“ St [ShE DATE—bTesRrs SHEET NUMBER
N
N 3 DIRECTOR OF STRUCTURES, STATE BRIDGE ENGINEER - JUSTIN WALKER, P.E. 8024
N DEP. DR. OF STRUCTURES, ASSIST. STATE BRIDGE ENGINEER - SCOTT WESTERFIELD, P.E.
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2nd O.REV.

GENERAL NOTES:
Specifications: Mississpps Stonderd _Zﬁe:///caf/oﬂs for
Road and BLrigge Conslruction, 2004,
No chonge of plans wil] be permitled excep’ é}/ writlen
;iﬁpraya/ of" the Director of Slructures, Stale Brigge [Lngineer.
inor changes in delar/ of desgn or conslruction procedure

CONCRETE FPILE NOTES:

Tes?t piles shall be driven as permanen? piles al the location
shown in the POA TEST PILE SCHEOULE and will be paid for
as lesl piles only.

The Director of Structures, S’ale Bridge Lngineer may outhorize
lest piles driven oulside The siruclural limi7s.

STATE

PROJECT NO.

MISS.

BR-0521-00(006)

may be aulhorized by Ihe Direclor of" Slruclures, Slale Bridge Tesl piles shall be driven as & conlinvous operalion, To Ihe
f@y/heer provided 54/};/9 chonges will nol be couse lor com‘rac{ éeeyr/ capacrty and the mmnimum ground Ppeﬂe/ra//aﬂ shown in FEOUIRED UL TIMATE FPILE BEARING PDA TEST PUE SCHEDULE
price ad justment. the FDA TEST PILE SCHEDULE, unless otherwise direcled by CAPACTTY AND T7T/P FLEVATION SCHEDUL F
The [linal surface lexlure of Ihe bridge deck shall be the Direclor of Slructures, Slale Bridge [Lngmeer.
?96/75/7/:5// 2 /fraﬂ.:/ys;zc—} ggzvao; /72 accaro/iﬂce with See W Pemi%ﬂeﬂ// /7/75;5 5/)5/9// be dn};}eﬂ ;gofflizgysz/} Aﬁrggg}ff/?éﬂwﬁ/ma Pequired L RFD
eclions o = of lhe specilicalions. See Misc. e elevalion shown in 7he § § X / | Min. Tip |Fst Lensth | Controtii . Min, Lensth | 5
Span Detarls lor limits of /ﬂraﬂsﬂyerseivaaw’@ on brigge deck. CAPACITY AMD TIP ELEVATION SCHEDULE. Bent Mo Fite Type File Size |Ultimate Learing é‘/eya/,b/; VA /@ A 5/5/9; /?e/f_’s’:“’”“e Bent No. ot /@ Tp Llevation
gr/b/ge concrele 5/75///&9 c/‘/ass/ ;l/;/.é » ber * . The //;; e/avaa/:/b; o///; piling, /‘a/( hydroulic structures, may be Tons/ aclor
a1ty expansion joint malterisl shall be bituminous [iber e unless e fermine e scour /line. T
?f/mrﬁlse ﬂa/‘éa{ 1 When [easible, é}e/dr/?y piles shall be driven /ull length and be / Frest. conc. | /6 s / 6” el I23.0 25 Strength [ a.65 / 65 297.5
No pd}/m?ﬂf //7/ é? a//;wéeo/ f/ar excavalion incidental lo Ihe 5f//$eoﬁﬂaaﬂ//y, 215 approved by The Direclor of Siructures, 2 Frest, conc. | /8"x/8 /83 32/.0 55 Stregg?h [ | Q.65 4 65 2973
consfruction of end ben/s. . ale Drigge /neer. ] . “ “ 7 ) X
Bar bending details shall be in occordance with "Momva! of When loading esfslg;re required, he maximum lesl load shall J esr. conc. |/ ~ /&,, /88 IZ26.0 55 Strength / a.65 6 A //0%% A 250.9
Slondard Fraciice for Delailing Reinforced Concrele be one ond one hall (14) limes the mimimum pile bearigp capacily. 4 Frest. conc. | [/8"x/8 2/7 327.0 55 Streng?h [ | 0.65 2 2\ 100 P\ 259.7
o /S/ruc/urls‘vs O{AC'// ,3//5/?-54/. rod mlocine o ol ﬁ// pf/Ve.s 5/“7// be p;e.s/ryqs.seo;, ////ae /ze‘;r ((/75-7/"5/75 aﬂf f/;e/;e/.s Ne. 5’/’0. 5 Sleel ppe pile| 24" 347 329.0 80 Slreqeth /[ a.65 /0 65 296,9
einlorcement order lists and required placi lans  shay restressed concrele piligg shall nol be driven until the concrefe p - 7
be [furmished in occordance nZ'/ﬁ 5ef//oﬂ@355 ol Ihe has reached o mhﬁnz/g compressive slrenglh of 5,000 psi and 6 Steel p /{05 2 /(5' 30” 463 265.0 20 Strenglh / a65 /2 65 — 295.6
Mississjpi Standard Specifications.  Partial submitlals is ol least 7 days old. 7 Steel ppe pile| 30 763 285.0 90 Streqeth /| 0.65 570, 803+677_ P\ /170 P\ 2509
are nol acceplable. ) ) ) FPDA fest piles shall require a [ day ond 7 doy reslrike unless 8 Steel ppe pile| 24" 397 3280 80 Strength /| 0.65 S5ta. 806407 P\ 1007 | p\259.7
Shop drowmes ol presiressed beams, includige an ereclion olherwise direcled by Ihe [rngineer. 7 -
plon, shall be submitled m duplicate lo lhe Director of Siruclures, Pile lenglths and a/r/’w’g’ criferia shall be provided based on Ihe g frest. conc. | /8"x/8 2/7 329.0 55 Strength [ a.65 A Noter ndicot, ool i ”
Slate Bridge Engineer for approvel prior lo lthe manufacture of beoms. resulls of Ihe PDA Tes? piles. /0 Presl. cone. | 18 x18" 188 3290 55 Strength /| 0.65 o Jporcalor sieel ppe pie
The Fabricator shall provide comber dala ot release and immediately The required ultimate pile bearing skown in the REOUIRED 77 Frest conc. | /@ 'x/8" 783 3/80 55 Shreneth 7| 065 Inclydes additional uncoated
prior fo shipping, ULTIMATE PILE BEARING AND T/P ELEVATION SCHEDULE includes . conc: e - L2 - A Wkl atove plamed Iop of pite
The Confraclor shall provide camber dela after erection.  The Conlraclor the LRFD resistance factor for FPA of O.65. /2 Frest, cone. | /6"x/6 //5 3180 55 Slreqgth [ .65 Indicalor piles shall be uncoaled
should be aware lhal Ihe dellection diagrom may be modilied based on Plle hommer leads used for oll PDA ftest piles gnd FPDA resirikes shal/
the provided comber dala.  Therelore, deck grades should be se? only be lorge enough o provide a minimum of 3 clearonce on each side
Z'”” nolification from Ihe Director of Siruclures, Slale Bridge of Ihe pile in order Jo properly place and prolect FUDA gapes.
ineer.
Coﬂc;?feﬁ surfaces 0/5/7&// reg;/l;; a C/as; Zf rubbed or sproy
inish in accordence wr e specilicalions. %
Ronlogeny stoct shol be ASTH ABLS, Grode 60, untess STEEL PIPE PILE MOTES: [N\ PILE HAMMER REOUIREMENTS
otherwise noled. PDA test piles ol be driven with on ap/;roveo/ impact hammer as aon
Work lor which no pay item is provided m the proposal will mdicalor lesl! pie or production pile al lhe localion shown i The
nol be paid for direclly ond compensalion rtherelfor will FOA TEST /’//é" SCHEDULE and will be parid for as les? //795 only. ) )
be included in the prices and payments [for bid ifems. The first PDA lest pite driven shall be an indicator PDA fles? pile as Pile Type Pile Size Min. FRom Mox FRom Min Enersy Max f”«"f}’
All riprap and geolextile [abric shown on the Bridge Flans are included in Ihe shown on the Foundalion Flan. The mdicalor FDA res! pie shall be Weght (1.) Wegh? (1.) (17 ~1p. (7. ~tb.
Bridge Quaniilies driven conlinuously u5/? an approved impact hammer. lhe [ull length
P o/ '//‘zef /h/o‘O'ca;‘or /;?/‘15 a;/s/ pile shall e ;7(0/7/'/0@0/ u.s///g /’/‘0,4./% boor Fresi. conc. Al NA 6,600 NA 75,000
emarnng lest piles oll be driven as a continuos gperation, lo Ihe bear - -
g gc// dﬂ’;/ 1he  minimum ground penefralion sﬁi;m m the FOA TES Steel pipe pie Al 16,000 MA /109,000 NA
NOTE- FILE 5}279/500[5 unless olherwise direcled by Ihe Direclor of *
The girder dellection diggrams shown in lhese plons were prepared and infended Structures, Stale Bridge Lpgineer. WNOTE: Bosed on preliminary drivability analysis
for desgpn and eslinalion purposes only. Aclual bridge girder dellections may FPA lest piles shall requre a 1 day ond 7 day reslrike unless
differ /rom Ihe dellection diggroms shown in Ihese plans. olherwise direcled by Ihe Lnpgmeer,
/It is the Conlraclors responsibility o conslruct the bridge lo meel the requiremenss Pite lenglhs and o’r/w’g criteria shall be provided based on rhe
ol he plans and specilicalions includigg, bul not limited /o, Ihe regquirements resulls of lhe KL les’ prles.
for bridge deck smoolhness. Permanen? prles shall be driven lo an elevalion no hgher Ihan
Frior 7o fgrmwori conslruclion, The Conlractor shall submit three (3) c‘?/’e.s of & the elevation shown in_ lhe REOUIRED UL TIMA ffg FILE BEARING
proposed bridge supersiructure consifruction plon to the Direclor ol Structures, CAPACITY AND TIP ELEVATION SCHEDULE.
Stale Lrigge Lnpgmeer for review, Ihrouh Ihe Froject Lngimeer. This submitlel shall The required ullimale pile bearipg shown in Ihe FREOUIRED M. 1" x J”
include a//; calculalions, assumplions and paremelers used by Ihe Conlraclor fo ULTIMATE PILE BEARING AND TIP ELEVATION SCHEDULE includes split backing ring
delermmne bridge girder deflections and form grade elevalions. This submittal shall the LRFD resistance lactor for FPA of O.65.
also mclude an erecltion and conslruction procedure rha! addresses lhe conslruction The Direclor of Slruclures, Slale Bridee Engineer may outhorize
means and methodolagies used by the Conlraclor ond shall consider effects mcluding, les’ piles driven oulside Ihe siruclural limils,
but no? limiled lo, conslruclion phasing, pouring schedules, applied permanen! and The 1p elevalion of piling, lor hydraulic slfruclures, may be — —
conslruction loadig, and shall include calculations and deterls of lemporaery girder determmed by the scour line. d
bracing syslems used lo ensure girder slabilily and fo counler Fhe effecls of girder When [easible, bearmg piles shall be driven /ull leqglh and be !
7117, spliced, only, as approved by Ihe Direclor of Siruclures, I
Alter girder erection ond prior lo deck conslruction, Ihe Conlraclor shall submi? deck tale Drigge Lngineer.
Ihickness verificalion calculalions for each girder. These colculalions shall include When loadmg lesls are reguired, 7he maximum les! load shell
a comparison of lhe erecled girder lop [lange profiles versus Ihe f/d” deck grade be one and one half (15) times Ithe mimimum pile bearmg capacily. i N
elevalions over each girder plus Ihe anticipaled girder dellection due fo applied Welding shall be done by Ithe ELLECTRIC ARC process. Welders B-Uds N
permanen? dead load and creep. shall be certified and eleclrodes shall be approved. !
Three (3) copres of lhe deck lhickness verificalion colculalions ond any proposed Pile hammer leads used for off PDA lest piles gnd FDA resirikes shal/ 45° "
remediation measures lo correc’ for Ihin deck areas shall be submilted Fo Ihe be large enough lo provide a minimum of 3" clearance on each side &
Director of Sfructures, Slate Bridpe Lngineer for review, lhroyph Ihe Froject of" the pile wn order fo properly place ond profect FDA zpq;es. .
Lngneer. Ppe piles shall receive a proleclive coalig beging al rhe bollom ! f
The bridge supersiructure conslruclion /p/dﬂ and The deck Ihickness verrlicalion o/ 7he cap and exfeﬂa//? lo The 100 yr. scour elevalion as shown !
calculations shall be prepared and slamped by o Mississppi Repislered on the Layoul Sheel. lhe cooling shafl be one of the /ollowing, | y
Frolessional Lngmeer. dg_p// o according fo Ithe monulaciurers specilicalions in Iwo coals f Weld
o/ [6mi/ minimum dry [lilm Thickness: :
A 5/’/‘4//7775///’6 33%-/”(605//'7”(&”}/ o St Lows. MO i
meanulactured by Corboline Compnay i SI. Lours, i
SPLECIAL FPROVISIONS REOUIRED: www. carboline. com |
Concrele Brigges And Structures . . . . . No. 907-804 B. Corolecth Coal Tar’ é:oo//‘r/ i
manulactured by /INSL-X Company in Montvale, NJ ;
www.carolechcoalings. com | |
C Serres 46-/943 TNEME-Tar
manulactured by TNMEMEC Co /nc in Kansas Cily, MO
www. Inemec. com
Any oreas of cooling above Ihe ground line Iha! become domagped, PIPE PILE SALICING DETAN
during stipping or ﬁ‘w‘@ shall be repaired per Ihe mamulaclurer s — - =
specilications. Any areas of coa//;@ offecled by ppe pile splicing 24 D’f5”7' slee/ ppe piles
shall be repaired per Ihe manufaciure s specificalion. Froleclive 30" Diam. sleel ppe piles
coalmg, includimg surlace preparalion and applicalion, will be pard
for as Stee/ Ppe Filing, (nol! a seprale pay ilem).
All Sleel Ppe Piles shall be ASTM AZ53, Grade 3 (Fy = 45000 psi.).
Sree/ Ppe Fles are infended lo be gpend ended.
We/a//@/sﬁa//o/ cgmp/y W/'//{7/4(//V5//2/W5 D1.5 brigge Welding Code ond be NS
erforme: a certified welder. I
g v ks 5| MISSISSIPPI DEPARTMENT OF TRANSPORTATION
Q&
R BRIDGE AT STA. 800+25.21
ESTMATED OUANTITIES $ ESTIMATED QUANTITIES
| ” ” ” ” v " o | 40 F1 80 FI 138 F1 . N
Jtem Gfrcmsf ?;;Z'Z/ ’%Z/ Pr/i H / goﬂa P/{i M / gm - PDAP/feS/ /P/’//'/e} 24_'5/5’/5”7‘ Z O_Sfefl/am ff;/c?;fe Pre;/. Cone. /’re;/. Conc.| Prest. Conc.| Reinforce- | Concrete %0,5: 6‘:@";‘2’;"/ ;’/‘" 3¢ 2 & GENERAL NOTES
rooving | 7 oo Jess Fiting Filing e es rike Pppe Piting | Ppe Piling | Class "AA 7;/; :f}f = f,/;z,?;// ge;_s/;} ment Rarling, 32 300%) | nder Rpprap :s g
Location S0 Lach L.F LA Lach Lach L.F L.F cr L.F LA L./ L4, L.F Ton 5.7 3 g’ o | 00592/30 1000
Spars 2 7/3.33 5233/ | 1,/180.83 | 79752 | 206239 | 2/4930 | 1,628.00 o PROJECT BR-052 | -00(0086)
£nd bents 880.0 2 / 4299 8433 .00 5076.0 1,9492.0 : g WORKING NUNBER
SN
Int._bents / Z,090.0 & / 720.0 8/0.0 155.38 18,676 $$ LEAKE COUNTY | OF 31
Tolals 571333 / 880.0 50900 g 2 720.0 8/0.0 L0213 | 1,/180.83 797.52 506239 | 245039 1,63/1.00 5076.0 1,942.0 3 3 [pEsioeR e — SHEET NUMBER
w _mm"“_gmm Yates e e Chanpaey —
A Q Q 3 DIRECTOR OF STRUCTURES, STATE BRIDGE ENGINEER - JUSTIN WALKER, P.E. 8004
YR DEP. DR. OF STRUCTURES, ASSIST. STATE BRIDGE ENGINEER - SCOTT WESTERFIELD, P.E
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2~ "px2"-6" Jagstuds

; : - MISS.  |BR-0521-00(006)

| Digph nserts (4" depth) /=7

) i Vgphraem inserts ep s ! Y

‘ . | =" 2" 37 2" ‘ L ! e ‘

= 1 1 \‘\/

Q.02 f7. f7. s/ ! .
! / i 85" ) M 7-' M rer =9 E\ _l _f//z srade
2 ~*8 bars i 37 homfer 7 - Lram hole T
| 4 s Lram hole N g i 55/, 7
1 I o 7 \ | Fermissible rounding
| : : ; N
P i~ £ exlerior beam web < - . . o ‘ . 7 S~ ~
2 ~78 bors L R K T R t% CROWN DETALLS
v A . . ” . R =, 6.
\ J—"7 ~diaptragm inser? (47 depih) I o o ‘. » r—>
AW e - = L S 4—“< @ Span_ /eng7h
| N Mo |
! ] E 7" drp bead ¢ Jjom’ —— £ o’
| oS M
[
V}

ryp.| 3 5
; SECTION T-T L ) = /! Lt spon
Vs 7" drjp bead <.J |9 [
2~/ "px2-6" Japstuds - a// around O i
NOTE: Dram /?0/5; shall be Jocaled 7" chamter dram tole, DETAL ‘D" . Finish riding surfece Fo s line.

PART SECTION so Jhal bars B & C will no’ be cul. 7/?‘50/6//’[5/ Finish grade

SECTION w-w |

LIAPHRAGM INSERT AND LAGCSTUP DETANLS ‘
DEFLECTION DIAGRAM

NOTE:Conpinvous threaded fags ruds DRAIN HOLE ETALS 5 2 amored dastocsion doe o dond toue of stab & rail

o daph rserts shall ' j ‘

Z: 55/555;?}:; ;Zi:; ; ; ;g Use where shown on Ihe Span Delar/ sheel. C = A-B = net imitial comber in riding surface, which
Fichmond Screw Anchor Co., /nc., mcludes an allowance or creep.

Allents, GAr By Mesdow 5iee/

Froducls Co., Inc., Birmmngham, AL Or NOTE:
Deyion Superior Co., Inc., Birminghom, AL. For velves of A, B & ¢ see Beom Lelsi/ sheels.
NOTE

The Girder Deflection Digsroms shown in Ihese plons were
prepared and infended for desjn ond eslimalion purposes
only.  Aclus/ brigge girder delleciions may differ /rom
— Ihe deflectjon diggrams shown in These plans. /I /s fhe
Ry ) ) Conlraclor s responsibility 7o consirucl Ihe bridee 7o
NOTE:3"x8"F" HSS drams shall be in sccordence with ASTM AS3 and meel [he regquiremenls of Ihe plans and specificalions
_Too/ fimsh o a & redius shall be hol djpped galvemzed in accordance with ASTM Al53 Including, bul not limited fo, the reguirements lor bridge
deck smooltness.  Frior fo formwork consiruction, The

[5//@6 deck or endwal/ Conlracior shall submil Ihree (3) copres of a proposed

/2/// min. sealed

Joml width

Freformed jomn/ sea/

) , 4 " BRIDGE SUFERS TRUCTURE  CONS TRUCTION FLAN
Varies (per Monu/aclurers specificalions/ /= N 3 ) fo fhe Director of Siructures, Sialte Bridee [ngineer for
_ ,/ Fobricaled o review, Ihroygh The frojec’ Lrgmeer. Thi's submitie/ shall
=l : : malch deck slope  cide ol calculolions, assumplions and paramelers used by
Fer delai/ on 7his shee’ The Conlraclor Jo delermine bridee girder deflfeclions and
form grade elevalions.  This submitial shall also include an
(4" Jong) | \ ) ereclion and copsiruclion procedure Jhal addresses Ihe
h‘l]_ INE_ex/erior Bk consiruclion means ond melhodologies used by Ihe Conlracior
¢ 38 e — —— beam /~/ij/‘ 2( and shall consider effecls including, bul nol limited fo,
—'/6& g conslruciion phasing, pourig schedules, gpplied permanen’ and
HES drom. ( conslruction loading, ond shall include calculalions and

Bonding adhesive //yp./\

Installation depth (per Meonufocturer's Welded sivd (Typ./ /\/ I

specifications) (Typ. borh sides of joinll.

delalls of lemporary girder bracing syslems used o ensure
sirder siability and fo counler he effecls of girder 1i/7.
AlTer girder ereciion ond prior 7o deck consiruciion, Ihe
Confraclor shall submil deck Ihickness verificalion
colculations for each girder.  These calculalions shall
mclude & comparison of Jhe erecled girder lop [lange
” prc?;//es dyer&//s f/;s/; p/a/?f z/ec%f ag//ﬁo@g/e/é;/ﬁ}}//b/zsf UVQOC
each girder plus lthe onlicjpaled girder defleclion due
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