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ABSTRACT

Pretensioned members such as I-girders and bulb tees (BTs) are widely used in the
construction of bridges. Research work is underway testing larger diameter strand used in
conjunction with high-strength concrete and standard BT sections as an innovative and cost
effective approach to increase girder span capacity. More advanced prestressing strands (0.7-
in. Grade 270 ksi) have the ability to introduce almost twice the prestressing force, compared
to 0.5-in. strand and 135% of the prestressing force, compared to 0.6-in. strand, which could
result in a significant increase in the span capacity of the current BTs without having to
modify the sections or acquire new forms. Despite of this attractive advantage, there are
some concerns for the larger capacity prestressing strand such as prestress losses, which
influence serviceability of prestressed concrete bridge girders significantly. A poor prediction
of prestress losses may result in an inaccurate estimate of camber or deflection, or may lead
to the actual stress in concrete exceeding the allowable stress. In this paper, a long term
prestress losses for AASHTO Type | girder with larger capacity prestressing strands will be
analyzed. A comparison between the predicted losses and measured losses will be conducted,
evaluating the current AASHTO prestress loss prediction method applied to the pretensioned
members with larger capacity strands.
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INTRODUCTION

Traditionally, the Tennessee Department of Transportation (TDOT) has been using
AASHTO-PCI BT sections for its concrete bridges. These sections have limited bottom
flange widths where the prestressing strands are located. To increase span capacities of these
sections, other states have adopted a new section with a wider bottom flange width.
Producers in the State of Tennessee have raised concerns about the cost of the revised new
steel forms to accommodate a new section. As an alternative, research work is underway
testing larger capacity strand used in conjunction with high-strength concrete and standard
BT sections as an innovative and cost effective approach to increase girder span capacity.
0.7-in. strand has the ability to introduce almost twice the prestressing force, compared to
0.5-in. strand and 135% of the prestressing force, compared to 0.6-in. strand, which could
result in a significant increase in the span capacity of the current BTs without having to
modify the sections or acquire new forms.

Prestress losses are an important factor influencing serviceability of prestressed concrete
bridge girders (Tadros et al, 2003; Youakim et al, 2007). A poor prediction of prestress losses
may result in an inaccurate estimate of camber or deflection, or may lead to the actual stress
in concrete exceeding the allowable stress (Yang and Myers, 2005). Prestress losses are
categorized as either instantaneous or long-term losses. Loss due to elastic shortening is a
main part of instantaneous prestress losses. Long-term prestress losses refer to continuous
decrease of the prestressing force because of creep and shrinkage of concrete and relaxation
of strands. Recently, Brewe and Myers (2010) evaluate the prestress losses in high-strength
concrete T girders subjected to elevated compressive fiber stresses. However, the previous
research on the prestress losses only investigated the pretensioned members with 0.5-in. or
0.6-in. strand embedded in concrete of relatively low compression strength. With
Consideration of the difference of material properties, it is reasonable to assume the prestress
losses for the pretensioned members with 0.7-in. strand and higher strength concrete is
different. The current prestress losses prediction method may not appropriate to estimate the
prestress losses. The objective of this research is to investigate the prestress losses for
AASHTO type | girder with larger capacity strand and high strength concrete. Concrete
surface strains of the pretensioned I-girder were measured using a DEMEC strain gauge. An
average strain at the center of gravity of the prestressing strands can be calculated; and thus,
the prestress losses can be obtained by multiplying the measured average strain by the
modulus of elasticity of the prestressing steel. The prestress losses predicted based on the
existing methods are compared with the measured prestress losses. This comparison will help
to evaluate the current AASHTO prestress loss prediction method applied to the pretensioned
members with larger capacity strands.

GIRDER DESIGN AND FABRICATION
As shown in Figure 1, an AASHTO type | girder was investigated for the test. The girders
spanned 56 feet which was determined based on the maximum span which could be tested at

The University of Tennessee structures lab, with 12 0.7-in. strands provided in the bottom
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flange of the cross section. All 12 strands were Grade 270 ksi. The nominal cross section is
0.294 in? the elastic modulus is 28800 ksi and the ultimate strength is 80 kips. These strands
were straight and spaced at 2 in. on both horizontal and vertical directions. They were
pretentioned to 75% of the ultimate strength. To investigate the shear behavior for the future
research, the shear reinforcement, top flange reinforcement and the anchorage zone
reinforcements were designed based on both AASHTO LRFD 2007 design specification for
the right half and strut-and-tie modeling for the left half (Ma and Burdette, 2011). The design
was consistent with the current TDOT practice. As shown in Figure 2, 4#6 bars for the entire
length were placed in the top flange. Double legged #4 bar were used as shear reinforcement.
In the end anchorage zone, confinement reinforcement and spalling resistance reinforcement
were appropriately placed.

The specimen was fabricated and water-cured at Bristol, TN. In the initial process of casting
the girders, the span (56 ft) was set in the prestressing bed which had been lubricated in order
to prevent the concrete from sticking to the bed. Then the strands were laid by passing them
through the dead end and to the live end. The diameter of the holes on the very end walls of
the bed was increased to accommodate the larger diameter strands. The chucks were placed
in the dead end to anchor the strands and tensioned in the live end.
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Figure 2 AASHTO Type | Girder Reinforcement details (unit: in.)

CONCRETE CYLINDER TESTING AND MODULUS OF ELASTICITY

The modulus of elasticity of concrete affects prestress losses. High strength concrete was
used for the specimen girders with 0.7-in. strand. The prestressed girder was designed for a
concrete strength of 10 ksi at transfer and 12 ksi at service. A series of 4x8 in. cylinders
were tested and the typical failure mode was shown in Figure 3. The concrete compression
strength at transfer was 10.252 ksi, strength at 28-day was 14.191 ksi, strength after 28-day
approximately stayed 14.602 ksi. According to AASHTO LRFD 2007, the modulus of elastic
of concrete can be calculated based on the following equation.

E. = 33,000(w,)**(/f) 1)
where

E_ = modulus of elasticity of concrete (ksi)

w, = unit weight of concrete (kcf). It is assumed to be 0.150 kcf

f'. = compression strength of concrete (ksi)

Figure 3 Typical Concrete Cylinder Failure Mode
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TEMPERATURE AND HUMIDITY

To consider the environmental influence on prestress losses, temperature and humidity are
recorded as shown in Table 1. The records of temperature and humidity on the test day were

obtained from the website of Weather Underground:
(http://www.wunderground.com/US/TN/Knoxville.html). The average humidity was

obtained by calculating the mean of the existing records since transfer.

Table 1 Temperature and Humidity Record

2013 PCI/NBC

Average
Age Season Tem%erature Tem%erature Humidity _ humidity
(days) (°F) W®) (%) since transfer

(%)
at transfer Fall 67 194 66 66
28 Fall 56 13.3 70 68
56 Fall 48 8.9 77 71
84 Fall 45 7.2 79 73
112 Winter 42 5.6 71 73
140 Winter 41 5.0 77 73
168 Winter 49 9.4 70 73
196 Spring 56 13.3 49 70
224 Spring 64 17.8 66 69
252 Spring 74 26.7 70 70
280 Summer 77 27.2 70 69
308 Summer 83 28.3 60 69
336 Summer 76 25.6 74 69
364 Fall 74 25.6 62 69
392 Fall 60 15.6 66 69
420 Fall 51 10.6 70 69
448 Fall 35 1.7 62 68
476 Winter 38 3.3 56 68
504 Winter 51 10.6 54 67
532 Winter 55 12.8 81 68

PRESTRESS LOSSES PREDICTION
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Al-Omaishi et al (2009) elaborated on the development of prestress losses versus time, as
shown in Figure 4. Prestress losses can be grouped into two categories: instantaneous losses
and time-dependent losses. The instantaneous losses include anchorage losses and elastic
shortenging loss. The time-dependent losses include losses due to shrinkage, creep and
relaxation. In this research, prestress losses in stage CD (elastic shortening loss at transfer)
and stage DE (time-dependent losses from the time of transfer to time of deck placement) are
considered.Prestress losses are predicted at three stages: immediately after release accounting
for the elastic shortening, at 28-day accounting for short-term prestress losses, and at 532-day
accounting for long-term prestress losses. Prestress losses are predicted according to
AASHTO LRFD 2007. Both approximate method (AASHTO Eg. 5.9.5.3-1) and refined
method (AASHTO Eq. 5.9.5.4.1-1) are employed. For these methods, prestress losses due to
relaxation of strands are assumed to be 1.2 ksi herein.

The total prestress losses are composed of prestress loss due to elastic shortenging Af, s,
shrinkageAf, sz, creep Af,cx and strand relaxation Af,. Based on the refined method, the
four components (Af,gs Afysgs Afpcr Afsr ) Of predicted prestress losses at 532-day
(approximate to one and half year) are shown in Figure 5. The total prestress loss Af,r is
38.9 ksi, which is about 20% of the initial prestress force (75% ultimate strength). In the long
term, the total prestress losses Af,r are twice of the loss Af,zs due to elastic shortening at
transfer. The prestresss loss Af,sz due to concrete shrinkage and the loss Af,qz due to
concrete creep are about 15% and 30% of the total prestress losses, individually. The
prestress loss Af,z due to relaxation occupies only less than 5% of the total losses.

Stress in |
strands
Jacking
/ Anchorage
R Relaxation and
seating loss
A temperature losses
B ~ Creep, shrinkage
Elastic shortening and relaxation Elastic gain
P H ' due to live load
I =
1 ¢ (’ .
i Elastic gam Elastic gain I K
due to deck placement due to SIDL
Strand Prestress Deck Superimposed Live load lime

tensioning transfer placement dead load

Figure 4 Stress Versus Time in the Strands in a Pretensioned Concrete Girder
(Courtersy of Al-Omaishi et al, 2009)
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Figure 5 Predicted Prestress Loss at 532-day

MEASUREMENT OF PRESTRESS LOSSES

To determine the prestress losses for the girders, a DEtachable MEChanical (DEMEC) strain
measurement system was used to measure the concrete surface strain as shown in Figure 6.
The DEMEC strain points have small metallic discs of 0.25 in. in diameter, which were
placed at the centroid of the prestressing strands in the middle span and attached to the both
sides of the concrete bottom flange surfaces. We measured the concrete surface strain change
every 28 day since prestress transfer. The measured average strain change in the middle span
within 532-day is shown in Figure 7. As shown in Figure 7, the strain at transfer was about
800 p; then, it increased to more than 1200 p drastically in a month; finally, it increased to
about 1400 p in one and a half year. Obviously, the stain changed significantly in the first
month since transfer. Also, due to the seasonal change of temperature and humidity, the
strain fluctuation occurred.

In addition, the temperature influence on measurement of strain is calculated by multiplying
the temperature change by concrete linear coefficient of thermal expansion, as shown in
Figure 8. Herein, the linear coefficient of thermal expansion of concrete is assumed to be
10x10° per °C. This influence will be subtracted from the measured concrete strain.

From the measured strain of discs on the surface of girders, the prestress losses can be
obtained by multiplying the average strain by the modulus of elasticity of the prestressing
strands. Herein, the strain is taken the average strain to calculate the prestress losses. The
prestress loss due to elastic shortening at transfer, the total prestress losses in the short term
(at 28-day), and the total prestress losses in the long term (at 168-day, 364-day and 532-days)
are shown in Figure 9. The prestress losses increased gradually with time. In a month (28-day)
since transfer, the prestress losses reached 85% of final losses. In a half year, the prestress
losses increased to 90% of final losses. The predicted prestress losses and measured prestress
losses are compared every 28-day since transfer, as shown in Figure 10. In the short term (at
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28-day), the difference between the predicted prestress losses and the measured prestress

losses may be greater than 10%. However, in one year since transfer, such difference is
within 5%.
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Figure 6 Strain Measurement with DEMEC System
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Figure 7 The Average Measured Strain in the Middle Span
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Strain change due to temperature
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Figure 8 The Influence of Temperature on Strain
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Figure 9 Results Comparison at Transfer, 28d, 168d, 364d, 532d
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Figure 10 Results Comparison since Transfer

CONCLUSIONS AND DISCUSSION

According to the current AASHTO equation, the predicted total prestress loss Af,r at 532
day since transfer for the AASHTO type | girder with 0.7-in. strands is 38.9 ksi, which is
about 20% of the initial prestress force (75% ultimate strength). In the long term, the total
prestress losses Af,r are twice of the loss Af,gs due to elastic shortening at transfer. The
prestresss loss Af, sz due to concrete shrinkage and the loss Af, -z due to concrete creep are
about 15% and 30% of the total prestress losses, individually. The prestress loss Af, 5 due to
relaxation occupies only less than 5% of the total losses.

Based on the measurement of the concrete surface strain, the prestress loss at 28-day since
transfer reached 85% of final losses. In a half year, the prestress losses increased to 90% of
final losses. By comparison with the predicted losses, in the short term (at 28-day), the
difference between the predicted prestress losses and the measured prestress losses may be
greater than 10%. However, in one year since transfer, such difference is within 5%. This
comparison indicates that the current AASHTO methods are appropriate to predict the
AASHTO type | girders with 0.7-in. strand.
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