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FOREWORD

This report presents the results of an analytical investigation of standard
prestressed concrete bridge girder designs and makes recommendations re-
garding new national standards. The report will be of interest to engineers
involved in the design, analysis and construction of highway bridges.

The research dacumented in this report was done as part of the Federal
Highway Administration FCP Program. Results are being integrated into FCP
Project 5K entitled "New Bridge Design Concepts.” Mr. Craig A. Ballinger
1s the project manager and Mr. Thomas Krylowski is the task manager.

sufficient copies of the report are being distributed to provide a minimum
of one copy to each regional office, one copy to each division office, and
two copies to each State highway department. Direct distribution is being
made to the division offices.

t/ . v
f.,» ) ) ), - k ?4:. \/' '/:' y

RSP AR

Charles F. Schaffey
Director, Office of Research
Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof. The contents
of this report reflect the views of the contractor, who is responsible for
the accuracy of the data presented herein. The contents do not necessarily
reflect the official policy of the Department of Transportation. This report
does not constitute a standard, specification, or requiation.

The United States Government does not endorse products or manufacturers.

Trade or manufacturers' names appear herein only because they are considered
essential to the object of this document.
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OPTIMIZED SECTIONS FOR MAJOR

PRESTRESSED CONCRETE BRIDGE GIRDERS

INTRODUCTION

Background

The concept of prestressed concrete can be traced back to

(1) *
early 19th Century.

Modern development of prestressed con-
crete is credited to E. Freyssinet of France, who, in 1928,
started using high strength steel wires for prestressing. Early
application in the United States tended to be concentrated in
the area of circular prestressed structures, especially as
applied to storage tanks.

Linear prestressing did not start in the United States until
1949 when the famous Walnut Lane Bridge was constructed in
Philadelphia. Following this initial effort, application of
prestressing in the transportation industry grew rapidly.
Annual reports of Bureau of Public Roads for each of fiscal
years 1954 through 1957 reported that "Use of prestressed con-
crete in bridge construction continued to grow in favor because
in many situations it permits large savings in materials and
cost."(z)

In early applications of prestressed concrete to bridges,
designers developed their own ideas of the "best" girder sec-
tions. The result was that each contractor used a slightly
different girder shape. Consequently, it was not possible to
re—use girder forms on subsegquent contracts. It soon became
apparent that producers could not afford to have a variety of
expensive steel forms. Moreover, it was too expensive to design

"custom” girders for each bridge.

* Numbers in parenthesis denote references listed at the end of
the report.



As a result, répresentatives of the Bureau of Public Roads,
the American Association of State Highway Officials (AASHO)*,
and the Prestressed Concrete Institute (PCI) began working on
what has since become a series of standard AASHO (now AASHTO)
sections for bridge girders. Standard girders Types I through
IV were developed in the late 1950's, while Types V and VI were
developed in the early 1%60°'s.

Adoption of the AASHO-PCI standard bridge girders simplified
design practice and led to wider utilization of prestressed
concrete for bridges. A Bureau of Public Roads survey showed
that for the years 1957-1960, 2,052 prestressed concrete bridges
were authorized for construction with an aggregate cost of $290
million.(l)

There is no doubt that standardization of girders has led
to considerable savings in the construction of bridges.(3—5)
While standardization may be good, it should also be recognized
that it has some drawbacks. Standardization may not only retard
further development but also may result in a decrease in economy
as the basis for the original selection becomes obsolete.

Since adoption of the standard AASHO girder shapes, there
have been significant advancements in the technology of pre-
stressed concrete design and construction. Numerous research
studies have provided increased knowledge of structural behavior
of prestressed concrete members. This, in turn, has led to
refinements in criteria for designing such members. Also,
safety standards for interstate and other high speed highways
require stricter clearance requirements. These have necessi-
tated longer span bridges.

In recent years, there have been several indications of a
need to update design of the standard AASHTO-PCI girders or
possibly develop entirely new designs for major prestressed

* The American Association of State Highway and Transportation
Officials (AASHTO) was formerly called American Association of
State Highway Officials (AASHO).



concrete girders. For example, some state highway departments
have developed "improved" girder shapes and others have begun
using other girder types or have ceased using prestressed con-
crete girders. Therefore, the question is, "How efficient are
Standard AASHTO-PCI girder sections, especially for spans in
excess of 80 ft2"

Objectives

The objectives of this investigation are:

"To evaluate the latest prestressed concrete bridge girder
designs being used in this country and to determine which
represent optimum designs that could be promoted as national

or regional standards."

This investigation was limited to bridges built with pre-
tensioned I- and T-sections, for spans in excess of 80 ft
(24.4 m), and with concrete compressive strengths up to 7000 psi
(48.3 MPa).

Scope
The above objectives were accomplished within the following
scope:

1. Current prestressed concrete girder designs being
employed in the United States were summarized.

2. Creative, new concepts becoming available through
research were reviewed.

3. Girders representing optimum designs and exhibiting
strong potential for standardization were determined.

4. Recommendations for standardization of most practical

and cost-effective designs were made.

Findings
The cost-effectiveness of existing "improved" girders was
compared with that of the AASHTO girders. Existing improved
girders included Colorado and Washington state girders, and
Bulb-T's. Most cost-effective girders were the Bulb-T's. Next



most cost-effective girders were the Washington Series followed
by the Colorado girders.

Except for one section, the above improved girder shapes
have 5-in (127 mm) thick webs. As a result, to satisfy the
minimum clear concrete cover requirements, the strands are bun-
dled in the center portion of the girder. Moreover, these
improved girders have end blocks.

To avoid bundling of strands, and for ease of consolidating
the concrete in the girders during manufacture, cost-effective
sections with 5-in (127 mm) thick webs were analyzed with modi-
fications. The web thickness was increased to 6 in (152'mm).
Cost-effectiveness of the modified sections was also compared
with that of the AASHTO girders. Among the modified sections,
Bulb-T's were found to be the most cost-effective.

Based on survey results and cost analyses made in this
report, Modified Bulb-T's are recommended for use as national
standards. These girders lead to savings up to 17% on the in-
place cost of deck and girder compared to the AASHTO girders.

RESEARCH APPROACH
The project was divided into two phases.

Phase I - Evaluation of Current Designs

The project was limited to "Solid-Form" prestressed concrete
girders for spans in excess of 80 ft (24.4 m). Information was
collected from selected users and suppliers throughout the
United States. Selected highway agencies and producers were
surveyed either through telephone conversations or through site
visits. The purpose of collecting the information was to
permit effective evaluation of girder design concepts used in
different states.

Advantages and disadvantages of concepts inventoried were
assessed. Design, fabrication, transportation, erection, and
performance of the different sections were evaluated.

Information inventoried and assessed during Phase I was
summarized in an Interim Report.(s) This summary is repeated
in this report. The Interim Report also contained a work plan

for Phase II of the project,



Phase II - Structural Efficiency and Cost Effectiveness

In Phase II, structural efficiency and cost effectiveness of
the "best” existing designs, as well as some modified ones, were
evaluated relative to the efficiency of AASHTO sections. This
included evaluation of structural parameters such as girder
spacing, span length, concrete strength, and deck thickness.

A computer program was developed for use in the parametric
studies. A relative unit cost index was assigned to girder and
deck slab concretes, prestressing strands, and reinforcing
steel. These units reflected in-place relative costs for
finished girder and deck. Costs of materials and labor were
included. Parameters considered in the cost-effectiveness
analysis pertained to the superstructure only. Data generated
by the computer program was used to determine the most cost-

effective girders.

PHASE I - SURVEY RESULTS
During Task A of Phase I, information was collected on

"solid-form" prestressed concrete bridge girders with spans in
excess of 80 ft (24.4 m) and concrete compressive strengths up
to 7000 psi (48.3 MPa). This information was collected from
selected highway agencies and producers located in different
regions of the United States.

Highway agencies and other organizations were selected to
reflect practices of different regions of the United States.
Some States adopted the AASHTO-PCI standard bridge girders.
However, a broad range of States used modified and improved
girders as discussed later. States with known innovative con-
cepts were surveyed.

Agencies and producers participating in the survey are
listed in Appendix A. The survey started with telephone cca-
versations with each participant. It was then followed by site
visits to some of the agencies and producers. An outline of
items discussed during site visits is listed in Appendix B.

Following the site surveys, collected information was com-
piled. Findings are summarized in the following sections.

n



Design, Fabrication and Construction Details

Girder Sections

Girder sections used by each of the surveyed highway agen-
cies are listed in Appendix C. 1Included are sectional dimen-
sions and properties of the AASHTO-PCI standard bridge girders
and other girders used by the survey participants. Approximate
span ranges of each section, are also given. Sections used for
spans longer than 80 ft (24.4 m) are shown in Figures l.a
through l.e. Main details differentiating sections are web
thickness, size of flanges, and slope of haunch between web and
flanges.,

It is important to keep evolution of the different sec-
tions in perspective. Within the highway agencies surveyed,
Pennsylvania's sections were the first to be developed. They
were developed in the early 1950's. The AASHTO-PCI standard
bridge girders Types I through IV were developed around 1957.
They were adopted by several states. Around the same time,
several states such as California, Illinois, Texas, and
Washington started to produce their own sections.

Recognizing the need for long span girders, AASHTO-PCI
standard bridge girders Types V and VI were developed around
1963. By 1971, the State of Colorado stopped using the AASHTO
girders and adopted their present sections. At the same time
the State of Wisconsin adopted the 70-in (1,778 mm) section.

In the Fall of 1979, none of the agencies and producers
surveyed were spending any effort to modify or improve sections
for long span girders. Virginia's Department of Highways and
Transportation, in cooperation with the local producers was
working oﬁ developing a single and a double-T girder for short
span bridges.

More recently, it was learned that the State of Washington
revised their Series 120 prestressed girder. The new section,
labeled Series 14 prestressed girder, has a modified top flange
that provides additional lateral stiffness. The dimensions of
the new section are shown in Figure l.e. The Series 14 girder

will eventually replace the present Series 120 girder.(7)
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Participants were asked if they would consider improved sec-
tions if developed. Several agencies are satisfied with their
present sections. However, they said that they would consider
new sections if these resulted in significant advantages and
were cost effective. Some agencies are reluctant to change the
AASHTO sections they use. The basic reason is that their pro-
ducers are successful in producing these sections. Moreover,
the forms represent a large investment. New forms would
increase the unit cost of girders.

Longest spans built from standard, single unit girders are
as follows: 105 ft (32 m) in Illinois, 112 ft (34.1 m) in
Louisiana, 118 ft (36 m) in Pennsylvania, 120 ft (36.6 m) in
Virginia and California, 125 ft (38.1 m) in Tennessee, 130 ft
(39.6 m}) in Colorado and Wisconsin, 140 ft (42.7 m) in Oregon,
145 ft (44.2 m) in Washington, and 150 ft (45.7 m) in Texas.
Spans longer than 150 ft (45.7 m) have been produced by increas-
ing the depth of the top flange or through splicing of long
precast segments. Splicing of I-girders is discussed separately
under the heading "Special Concepts™".

End Blocks
End blocks serve two functions. First they provide a larger

anchorage zone at the ends of the girder. Large bursting
stresses occur in these areas due to stress transfer from the
pretensioned strands to the surrounding concrete. Vertical
stirrups are required to resist the bursting stresses and
thereby prevent splitting (horizontal) cracks at the ends of
the girder.

The second function of end blocks is that they provide
greater web thickness at the ends of girders where shear forces
are highest. Where adjacent spans are made continuous for live
load, higher shear forces occur near the supports.‘

The most recent edition of "AASHTO Standard Specifications
for Highway Bridges“(s) does not require use of end blocks in
pretensioned beams. End blocks are utilized in very few states.
Shear design dictates the need for end blocks in sections with

thin webs and long spans. Included in this category are the

12



Washington and Colorado State standard sections as well as the
Wisconsin 70-in (1,778 mm) girder. These girders have webs 5-
or 6-in (127 or 152 mm) thick.

In Oregen, all bridge girders have end blocks. Girder sec-
tions include AASHTO standard girders Types II, III, and IV,
Oregon Type V, bulb-T's and a 7-ft (2.13 m) deep I-Girder.
Oregon sections having 7.5- and 8-in (190 and 203 mm) thick
webs have three side-by-side strands deflected from each row.
The end blocks are utilized to prevent cracking and spalling in
end regions,

In Pennsylvania, some sections have webs up to 14 in
(356 mm) thick. 1In these sections, five side-by-side strands
are deflected from each row of strands. The State of Texas has
one producer equipped to deflect three side-by-side strands.

Continuity for Live Load
Most survey participants design adjacent spans to be con-

tinuous for live load. Some started this practice recently and
consider it occasionally for long spans. It has been estimated
that continuity will provide about 10% more span capability
than if the beams are simply supported. The AASHTO Specifica-
tions provide guidelines for design of “ﬁridges Composed ?g

)

Simple-Span Precast Prestressed Girders Made Continuous".

Diaphragms
In all states surveyed, diaphragms are used at span ends as

recommended by the AASHTO Specifications.(a) It was reported
that end diaphragms ensure distribution of reactions at span
ends and provide smoother riding as vehicles cross over
supports.

Intermediate diaphragms are not used in the States of
Illinois and Tennessee. In all other states, intermediate dia-
phragms are used for spans in excess of 40 £t (12.2 m) as recom-—
mended by the AASHTO Specifications.(a) For spans from 40 to
80 ft (l2.2 to 24.4 m), one diaphragm is recommended at mid-
span. For spans in excess of 80 ft (24.4 m), diaphragms are

recommended at third points of the span.

13



In several states, the feeling was that intermediate dia-
phragms were useful in cases of collisions by overheight
vehicles. Resea;ch has indicated that the structural useful-
ness of diaphragﬁs is minimal, and they are harmful in most
cases. (2710}

Level of Tension in Concrete

Most states surveyed design for 6 JE; psi (0.5 JE; MPa)
tensile stress in the concrete under service conditions. This
is the upper level currently permitted by the AASHTO Specificais)
tions. 1In one state, allowable concrete tension under service
condition is limited to 3 JEZ psi (0.25 JE; MPa). Several states
do not allow tension in the concrete after all losses have
occurred. In one case, factored dead and live loads correspond

to cracking moment.

Concrete Properties

» In most states, pretensioned bridge girders are manufac-
tured from normal weight concrete (150 1lb/cu ft, 2,403 kg/mB).
In the Pacific Northwest Region, concrete density is 155 1b/
cu £t (2,483 kg/m>).

Generally, girders are designed for concrete compressive
strength, fé, of 5000 to 6000 psi (34.5 to 41.4 MPa) at 28
days. However, concrete design strength is as low as 4000 psi
(27.6 MPa) in the Pacific Southwest Region and as high as
7000 psi (48.3 MPa) in the Pacific Northwest Region. Compres-

s r

sive strength of concrete at time of initial prestress, fél

ranges from 4000 to 6000 psi (27.6 to 41.4 MPa).

Among survey participants, girders of only one bridge in
Washington were built from lightweight concrete. Decks made of
lightweight concrete have been used only on a few bridges having
steel girders. Survey participants believe that the behavior
of structural lightweight concrete is not adequately understood,
and creep characteristics are not sufficiently documented.
Consequently, lightweight concrete is not considered for preten-

sioned bridge girders.
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Strand Properties

The most common size strand for pretensioned girders is
1/2-in (12.7 mm) diameter. It is the only size used in several
states. A few states also design with 7/16-in (11.1 mm)
diameter strands. To allow for competitive bids, alternate
designs with both sizes of strands are prepared. 1In all cases,
Grade 270 (1,860 MPa) strands are used.

Requirements for surface condition of strands vary with
states. The State of Washington specifies bright strands. 1In
California, shiny strands are required for post-tensioned gir-
ders. "Rust free" steel is specified for use in pretensioned
girders. Most states permit a light coating of surface rust.
In no case is loose rust or pitting allowed.

All states specify stress-relieved strands, while some also

allow low-relaxation strands.

Girder Spacing

Spacing used for pretensioned girders varies between 4.5
and 10 ft (1.37 and 305 m) in most states. 1In exceptional
cases, the spacing is larger. Maximum spacing reported is
12 ft (3.66 m). To reduce tﬁe cost of prestressed concrete

(11)

bridges, Scott has suggested using as few girders as pos-

sible in each span.

Decks

Three types of decks are used in conjunction with preten-
sioned bridge girders., Most decks are cast~in-place and
supported on temporary wood forms. In Pennsylvania and Texas,
some decks are cast on permanent steel forms.

A technique gaining popularity in several states is the use
of precast prestressed concrete deck panels. These panels act
as permanent forms for the cast-in-place concrete deck. They
become an integral part of the finished deck. Recent AASHTO
Specifications provide guidance for design of the precast deck
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Design Loads

All survey participants design their highway bridges to
carry the HS 20-44 loading. It is recognized that overloads
occur frequently. In the State of Oregon, bridges subjected to
heavy traffic are designed for HS5-25 loading.

All Interstate highway bridges are also checked for mili-
tary loading. This loading governs the design of spans less
than approximately 37 ft (11.3 m) when simply supported.

Design Aids
Preliminary designs are based on experience and/or design

charts or tables. 1In the majority of agencies, final design
calculations are performed by electronic computers. In one
state, the only design aids used are detailed design charts.
This elaborate set of charts was developed at an appreciable

initial cost.

Influence of Producers and Contractors on Type of Bridge

During the survey, questions were asked regarding adequacy
of girder producers and construction contractors and whether
they influenced the engineer's decision regarding type of
bridge. Generally, highway agencies are satisfied with per-
formance of both manufacturers and contractors. Occasionally,
problems are encountered in some states. Usually, decisions
regarding type of bridge rest on least initial cost and con-

tractor's experience.

Alternate Designs
In many states, alternate designs are provided to stimulate

competition and obtain least cost bridges. In some agencies,
options are prepared for straight or draped strands and dif-
ferent compressive strength of concrete at initial prestress.
Alternate designs and options are prepared by the highway agen-
cies, Preliminary designs undergo value engineering, i.e.,
overall improvement in the cost of bridges is realized by care-
fully investigating availability of materials, construction

methods, shipping costs, and similar cost influencing items.
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Fabrication Details

Procedures for pretensioning strands, and deflecting draped
strands vary with manufacturers. Some highway agencies require
bundling of strands at hold down points, Usualiy strands are
deflected at two locations, each at about 0.4 point of span. 1In
long span girders, a larger number of strands are draped. 1In
such cases, some plants choose to deflect the strands at four
hold down points in each girder. Acceptable surface condition
of strands was described earlier under "Strand Properties”.

The AASHTO Specifications(s) contain requirements for mini-
mum concrete cover for reinforcement and minimum spacing between
strands. The minimum concrete cover is 1-1/2 in (38.1 mm) for
prestressing steel and 1 in (25.4 mm) for web reinforcement,
For pretensioning steel, minimum clear spacing of strands at
the ends of beams is three times the diameter of the steel or
1-1/3 times the maximum size of the concrete aggregate, which-
ever is greater. For 1/2-in (12.7 mm) diameter strands, the
minimum distance between center of strands is 2 in (50.8 mm)
provided maximum aggregate size does not exceed 1-1/8 in
(28.6 mm) .

Almost all survey participants follow the above require-
ments. There are two exceptions. In Washington, minimum ver-
tical and horizontal spacing between center of strandd is
1-3/4 in (44.5 mm). However, maximum aggregate size is 1/2 in
{12.7 mm) and the concrete is denser than in other states. 1In
Colorado, horizontal spacing between center of strands is
1-3/4 in (44.5 mm) while vertical spacing is 2 in (50.8 mm).

In Pennsylvania, Virginia, and Wisconsin, minimum clear con-
crete cover for the web reinforcement is increased to 1-1/2 in
(38.1 mm).

Detailing of web reinforcement greatly affects fabrication
costs of pretensiconed girders. Figures 2.a and 2.b show the
types of web reinforcing &chemes used in different states. It
can be seen that there are as many schemes as survey partici-
pants. Scott(ll) has suggested stirrups should be detailed such

that reinforcement cages can be prefabricated. Alternatively,
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Figure 2.a Stirrup Schemes
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Texas Virginia Washington

==

Wisconsin

Figure 2.b Stirrup Schemes
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stirrups should be easy to tie into place after the strands are
tensioned. Moreover, it is not necessary to have the stirrups

surrounding the strands.

Construction Details

Lateral stability of long span slender sections, during
hauling and erection, presents problems in several states.
External lateral stiffening devices made up of preassembled
steel space trusses or external adjustable devices (hog rods)
are provided. These devices are attached to the girder in the
plant. They are only removed after setting and bracing the
girders in their final position. The problem of lateral sta-
bility is discussed later under the heading "STRUCTURAL
EFFICIENCY".

Minimum erection and bracing requirements are provided on
some state drawings. Girders set on neoprene pads are found to
be wobbly. Additional diagonal bracing is required. Guide-
lines for construction procedures are available in AASHTO Spe-

(8)

cifications and state construction specification manuals.
Construction manuals provide a set of fabrication and con-
struction tolerances. Camber differential of girders is of
particular interest. 1In Pennsylvania and Washington, allowable
camber differential between adjacent beams is 1/8 in per 10 ft
(3.2 min per 3.05 m) of span, up to a specified maximum. Maximum
camber differential is 1-1/4 in (31.8 mm) in Pennsylvania, and

1l in (25.4 mm) in Washington.

Transportation Requirements and Restrictions

Regulations for hauling girders on highways and roads vary
from state to state. Maximum overall length hauled without
permit varies between 55 and 80 ft (16.8 and 24.4 m) for states
surveyed. Lengths beyond these limits reguire special permit,
Maximum permitted length depends on the route traveled. 1In
some states, there is no limit to overlength, while others have
an upper limit. In Pennsylvania, a length in excess of 160 ft
(48.8 m) is not normally permitted. For spans discussed in

this report, special overlength permits would be needed.
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Maximum legal gross weight hauled without permit varies
between 72 and 96 kips (320 and 427 kN), depending on the state,.
Beyond this limit, a special permit is required. Maximum legal
overloads depend on the number of axles and distance between
consecutive axles. Using appropriate number of axles, maximum
girder weights discussed in this report may be hauled with
special permits.

Overwidth and overheight regulations do not present limita-
tions for the type of girders considered in this report.

Availability and Costs

Cost data obtained during the survey are summarized in
Appendix D. Costs of material and labor vary from region to
region within the United States. They also vary between states
of a region, between districts of a state, and within a dis-
trict according to bridge location.

Main factors affecting materials costs within a state are
accessibility of the construction site, distance between girder
producers and site, and distance between ready mix plants and
site, 8Size of a bridge, and consequently number of girders
ordered for a project, affect the unit cost of girders. This
cost is higher for smaller quantities.

In remote areas, availability of labor experienced with
bridge construction is often limited. This necessitates relo-
cating skilled labor. As a result, contract cost increases.

Combining all the above factors presents difficulties in
assessing cost factors in the different regions of the United
States. The effect of these factors is reflected in the dis-
crepancies in unit costs within a given state as shown in
Appendix D. In addition, each highway agency uses a different
approach to itemize unit costs. Costs for new construction,
rehabilitation, and bridge widening are all averaged in several

states.

Suggestions for Bridge Cost Reduction

During the survey, the question was asked about what could

be done to reduce the cost of bridge construction. Suggestions

A
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to reduce the cost of pretensioned concrete bridge girder con-
struction included:
1. Eliminate intermediate diaphragms
2. Use superplasticizers
3. Reduce web thickness of AASHTO standard bridge girders
4, Use a more efficient section to replace AASHTO Type IV

girder
5. Use higher concrete compressive strength
6. Use maximum girder spacing

Structural Durability

Prestressed concrete bridge construction started in the
United States 30 years ago. In recent years, the first post-
tensioned bridge, the Walnut Lane Bridge, has shown signs of

distress.(l3)

Generally, prestressed concrete bridges have
displayed excellent performance. In all states surveyed,
durability and performance of pretensioned bridge girders were
reported to be very good.

Problems with pretensioned girders occur due to collisions
by overheight vehicles. Where de-icing salts are used,
deterioration of concrete decks presents problems. However,
pretensioned concrete girders require virtually no maintenance.

Expected life span of pretensioned bridges varies between
40 and 100 years. Inspection frequency varies with age and
condition of bridges. In several states, inspection is per-
formed on a yearly basis. In some states, a routine inspection
is made every six months, and an in-depth inspection is made
every two years.

In-service pretensioned girders are reported to be free of
cracks. The only cracks reported have occurred in the plant at
release of prestress.

Aesthetics and Safety

No strict aesthetic requirements are specified by any of
the states surveyed.  However, they all plan and build their
bridges to be aesthetically pleasing. It has been suggested
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that the most structurally efficient bridge would be the most
aesthetically pleasing.(l4)

In Califernia, box girder bridges are found to be more
appealing and economical. 1In all other states, pretensioned
bridge girders are found more economical for spans of 70 to
130 £t (21.3 to 39.6 m).

Iin Oregon and Virginia, exposed girders and supports are
painted to improve their appearance. 1In Washington, architects
are consulted in the preliminary design stages. 1In the City of
Philadelphia, an art commission approves every bridge.

Girders having end blocks were discussed earlier. For aes-
thetic reasons, all end blocks are gradually tapered over
several feet,

Safety requirements specified by the Federal Highway Admin-
istration are incorporated in the section on General Features of

Design in the AASHTO Specifications for Highway Bridges.(s)

In all states surveyed, opinions and policies regarding type

of bridge have a common ground. The type of bridge selected is
based on economy. For short spans up to 30 ft (9.1 m), cast-
in-place reinforced concrete slabs are the most economical.

For spans from 30 to 75 ft (9.1 to 22.9 m), precast spread boxes
or double-T's are considered. For longer spans between 70 and
150 £t (21.3 and 45.7 m), depending on the state, pretensioned I
and T girders are selected. Beyond this range, steel bridges
are considered.

In recent years, post-tensioned segmental construction has
gained acceptance. This has proven to be the most economical
for spans from roughly one hundred to several hundred feet long.

In California, 85% of the bridges are cast-in-place post-
tensioned box girders. This type of bridge is found to be more
attractive and economical than pretensioned I-girder

construction.
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Special Concepts

The following special concepts used by some states deserve

mention:

Splicing of Girders

Transportation of girders for spans in excess of about
120 £t (36.6 m) presents overlength and overload problems in
some areas. To achieve longer spans, splicing of precast
segments has been used successfully in several states and in
Ontario, Canada. Several splicing techniques are available,
Guidelines to design the splice have been published.(ls-ls)

Among participants, four states have built bridges from
long precast segments. Three other states have considered the
technique. 1In California, spans of 139 ft (42.4 m) have been
achieved. 1In Illinois, two bridges, each having two 125 ft
(38.1 m) spans, have been built by splicing three girders

(17) In Oregon, 190 ft (57.9 m) spans have been

segments.
achieved by splicing 7-ft (2.1 m) deep I-Sections or bulb-T
sections. 1In 1975, Pennsylvania built a 140 ft (42.7 m) span

from spliced girders.

Drop-In Spans

Another method to achieve long spans uses dapped girders
dropped onto cast-in-place members cantilevering from the
piers. This technique has been used in Oregon, Virginia, and

Washington.

Precasting Deck Panels

For multiple span bridges built with precast I-girders, it
is often cost effective to use precast prestressed deck panels.
These pretensioned deck panels serve as permanent forms to
Place the cast-in-place concrete deck. They become an integral
part of the finished deck. Recent AASHTO Specifications
provide guidance for design of the precast deck panels.(lz)

Precast deck panels have been successfully used in Illinois,
Louisiana, Texas, and Virginia. This tecﬁnique has also been

used experimentally in Pennsylvania. California, Oregon, and
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Washington are considering precast deck panels as alternate
designs.

Bridge deck construction is accelerated where precast deck
panels are used. This technique has been found economical on
multiple span bridges. The large volume of regquired panels
justifies the initial investment for set-up of a precasting bed.

Blanketing Strands

Blanketing is a means of eliminating the need for draped

(18) With this method, all strands are kept straight.

strands.
Some are debonded at the ends of the girders to control the
concrete stresses. Advantages of this technique are that
stressing is done in one operation. There is better control
over the level of prestress along the length of the girder. No
hold-up or hold-down devices are needed.

Blanketing has been used for several years in Tennessee for
the manufacture of pretensioned box girders. Several plants
blanket some strands at the end of the member to avoid sudden
transfer of prestress from all strands at the same region.
Bursting stresses are spread over a longer portion of the
member. Recently, the State of Louisiana has utilized this
concept on some bridges. The PCI Committee on Bridges is
preparing a report on "Use of Debonded Strands in Pretensioned

Bridge Members".(lg)

Pre Post-Tensioning

In pre post-tensioning, girders are pretensioned in the
plant to a level that permits handling. They are then post-
tensioned either in the plant at a later date or on site.

(20) are early stress transfer and

Advantages of this procedure
control of deflection. Higher prestress eccentricities are
achieved.

Pre post-tensioning has been used in the past in Washiugton.
It has also been experimented with in Pennsylvania. It has

been considered as an alternate design by other states.
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PHASE II - STRUCTURAL EFFICIENCY
Currently, there is no well established procedure to measure

the efficiency of a structural section. In a pretensioned
bridge member, predominant stresses are flexural. Therefore,
the designer's goal should be to use a section that has the
highest section modulus with least area. Conversely, for a
given sectional area, the highest section modulus is desirable.
The final decision is based on economy. Usually, efficiency and
economy go hand-in-hand.

One way of measuring the relative performance of bridge

girder sections has been suggested by Anderson.(zo)

He suggests
that the relationship between cross sectional area and section
modulus for the bottom fibers be compared. Such a relationship
is shown in Figure 3 for standard state sections of survey
participants. Although the AASHTO-PCI Type VI section has the
highest modulus, it also has the biggest area, i.e., it is the
heaviest. It is interesting to note that Colorado's Gé68
section, the Washington Series 120 and 14, and AASHTO Type VI
have about the same span capabilities. This is shown in
Appendix C. However, G68 and Series 120 and 14 are about 40
percent lighter than Type VI.

An efficiency factor for prestressed sections has been

(21) It is based on minimizing the area of

derived by Guyon.
the section for a given section modulus. This efficiency fac-

tor, P, is defineg as:

r2
p
YiYp
where r = radius of gyration of section =V I/A
Yer ¥Yp = distance from center of gravity to top
and bottom fibers, respectively

I = moment of inertia
A = cross sectional area

The efficiency factor for various sections is listed in

Tables 5 and 6 of Appendix C. Variation of the efficiency
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factor,p , with respect to depth of section is plotted in
Figure 4. This fiqure indicates that the Colorado sections are
comparable in efficiency to the Washington sections. Both are
superior to the AASHTO Sections.

More recently, Aswad(zz) has suggested another way of judg-
ing efficiency of I-Sections used in bridge superstructures. He

proposed an efficiency ratio, ¢, defined as

3.46 Sb
A h

where Sb section modulus for bottom fibers

cross sectional area

fay
i

depth of section

Through analysis based on Colorado regional costs, Aswad
found that the girders with the highest efficiency factor had
the lowest cost per square foot of superstructure.(zz)

Efficiency ratios of various sections are listed in Tables®
5 and 6 of Appendix C. Figure 5 shows variation of efficiency
ratio for different section depths. Data plotted are for all
standard sections -inventoried. According to Figures 3 to 5,
Washington Series and Colorado girders are the most structurally
efficient sections.

The three approaches described above confirm that the de-
signer's goal should be to use sections that have the highest
modulus with the least area within practical limitations. To
achieve these goals in I-Sections, as much of the area as pos-
sible should be concentrated in the flanges. Therefore, the
web should be as thin as practicable. Moreover, the haunch
between web and flanges should be as flat as possible but still
permit placing the concrete and stripping the forms.

Minimum web thickness is controlled by the present AASHTO
Specifications.(a) For two 1/2-in {(12.7 mm) diameter strands
deflected side-by-side and No. 4 web reinforcement, the minimum
web thickness is 5-1/2 in (140 mm). If the strands are bun-

dled, minimum web thickness is 5 in (127 mm). All Washington
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State I-Sections and Colorado's G68 have 5-in (127 mm) thick
webs.

It should be recognized that I-Sections with very thin webs
are slender sections. As a result, stability during handling
becomes a problem. Girders having 5-in (127 mm) thick webs and
spans in excess of about 100 ft (30.5 m) require special atten-
tion during handling. On the other hand, I-Section girders
having 7-in (178 mm) thick webs and narrow flanges also present
stability problems during handling. Therefore, the overall
lateral stiffness should be considered. (23724

Concern about the lateral stiffness of long spans prompted
the State of Washington to develop Series 14 prestressed gir-
der. This new section will eventually replace Series 120 gir-
der. Lateral stiffness of Series 14 is about 1.9 times that of
Series 120.

Bulb-T's and decked Bulb-T's are utilized in the Pacific
Northwest. They provide better lateral stiffness compared to
I-Sections. A Bulb-T is an I-Section with a wide (4 to 6 ft,
1.2 to 1.8 m) and thin top flange. A concrete deck is cast-in-
place on top of the Bulb-T. As the top flange of Bulb-T's is
wider than that of I-girders, less formwork is needed to support
the deck concrete.

A decked Bulb-T has a full depth (5 to 6 in, 127 to 152 mm)
and full width (4 to 10 ft, 1.22 to 3.05 m) top flange. The top
flanges constitute the bridge deck. Adjacent units are joined
through lateral post-tensioning or welded flange connectors
where potential problems are currently being studied. The shear
keys are grouted. Anderson has suggested use of decked Bulb-T's
for simple spans up to 190 ft(20) (57.92 m). Because of their
weight and length, such girders usually can be transported only
on barges.

Bulb-T sections have been utilized in the State of Oregon
for construction of bridges on the primary highway system
during the last 15 years. Spans of 190 ft (57.9 m) have been
achieved by splicing segments. At splice locations, the

segments are supported on temporary supports. After casting

the concrete deck, the bridge is post-tensioned. Continuity at
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permanent supports is obtained. Temporary supports are then
removed. Over half a dozen bridges have been built using this
technique.

Some 15 bridges have also been built in the State of Oregon
from single unit Bulb-T's. Maximum spans obtained are 140 ft
(42.7 m). Longer spans have been achieved through drop-in
methods, Cast-in-place concrete members cantilever from the
supports. Dapped end Bulb-T's are then dropped-in.

Decked Bulb-T's are also called integral deck Bulb-T's.

They have been used for bridge construction only on secondary
routes in the State of Oregon. First applications started three
years ago. A dozen bridges, with spans up to 130 ft (39.6 m)
have been built.

At the time of the survey, the State of Washington Depart-
ment of Transportation had not built any bridges with decked
Bulb-T's., However, they had been considered as alternative
designs. Bulb-T's have been utilized during the last three
years on about a dozen bridges in Washington. These sections
have 5-in (127 mm) thick webs.

With the need for energy efficiency, the designer's goal
should be to use the lightest section. This is accomplished by
using the least amount of material possible. The section is
lighter to transport, lighter to erect, and requires fewer pre-
stressing strands.

In the previous section, different girder sections were com-
pared with the AASHTO sections on three structural efficiency
scales, 1In the next section cost effectiveness comparisons will
be made for selected girder sections. Additional observations
will be reported on the structural efficiency of selected

girders.

PHASE II - COST EFFECTIVENESS
In this section, girder cross sections are selected for

cost-effectiveness analysis. Assumptions made for the cost-
effectiveness analysis are stated. The number of parameters
involved in the analysis necessitated development of a computer

program. This program is briefly described. Cost-effectiveness
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compar isons are made to reflect the effect of the parameters
considered.

Cross Sections Analyzed
Earlier discussions under the heading "STRUCTURAL EFFICIENCY"
indicated that the most efficient sections were the Washington

state series and Colorado's G54 and G68 sections. It was also
indicated that Bulb-T's had been used successfully in the
Pacific Northwest. A set of Bulb-T sections was developed in
1959 by Anderson.(zo) These sections, as well as the Washington
series and Colorado's G68 have 5-in (127 mm) thick webs. To
(8,12) web width should be not
less than 5-1/2 in (140 mm) if strands are not bundled at mid-
span. If strands are bundled, web width of 5 in (127 mm) would

satisfy the AASHTO specifications,

satisfy requirements for concrete cover and clear spacing
between strands,

Several survey participants expressed concern about possible
difficulties in manufacturing and transporting girders having
5-in (127 mm) thick webs. Main concerns were consolidation of
the concrete in thin and deep members, and stability of such
slender members during transportation. On the other hand some
survey participants felt that present AASHTO girders can be
improved by reducing their web thickness.

At a meeting(25) held in April 1980, members of the PCI
Bridge Committee were asked about minimum practical web width
to place and consolidate the concrete in precast prestressed
I-sections. All committee members were in favor of a minimum
web width of 6 in (152 mm).

AASHTO Standard Bridge Girders Types I and II have 6-in
(152 mm) thick webs. 1In all regions of the United States, con-
crete has been placed and consolidated in these sections without
difficulty. Therefore, in Phase II, existing sections having
5-in (127 mm) thick webs were evaluated and compared with simi-
lar sections having 6~in (152 mm) thick webs. Sections with
6-in (152 mm) thick webs should be easier to manufacture and
transport than sections with 5-in (127 mm) thick webs.
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Based on the above discussion, the following sections were

evaluated in Phase II of the project:

1. Colorado's G54 and G68 girders. Girder G68 has a 5-in
(127 mm) thick web.

2. Washington Series 80, 100, 120, and 14 girders. These
girders have 5-in (127 mm) thick webs.

3. Anderson's Bulb—T's(zo) BT48, BT60, and BT72. These
girders have 5-in (127 mm) thick webs. The tips of the
top flanges are 1 in (25.4 mm) thick.

4, Girder similar to Colorado's G68 but with 6~in (152 mm)
thick web. This girder is designated Modified Colorado
G68/6 in this report.

5. Girders similar to Washington series but with 6-in
(152 mm) thick webs. These sections are designated
Modified Washington Series 80/6, 100/6, 120/6, and 14/6.

6. Girders similar to Anderson's Bulb-T's, but with 6-in
{152 mm) thick webs and 2-in (50.8 mm) thick top flange
tips. These sections are designated Modified Bulb-T's
BT48/6, BT60/6 and BT72/6.

7. AASHTO standard bridge girders Types IV, V, and VI.

8. Modified AASHTO girders where web thickness, and top
and bottom flange widths are reduced by 2 in (50.8 mm).
These were considered with the idea that existing forms
could be used with reduced space between them. These
sections are designated Modified Types IV, V, and VI.

Dimensions of existing and modified sections considered are

shown in Figures 6 and 7, respectively. Both the Washington
series and Anderson's bulb-T's with 5-in (127 mm) thick webs and
the modified sections with 6-in (152 mm) thick webs are compared
on the three efficiency scales in Figures 8 to 10. Sections
with 6 in (152 mm) webs are slightly less efficient than similar
sections with 5 in (127 mm) webs. However, according to Figures
9 and 10, Bulb-T's are more efficient than Washington Series,
Further comparisons between sections are made below based on
cost—-effectiveness charts,
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Structural Parameters

The sections were evaluated through a detailed structural
analysis. The following parameters were considered:

1. Girder spacing

2. Span length

3. Deck thickness

4. Concrete strength

Girder spacing was varied between 4.5 and 10 ft (1.37 and
3.05 m). Spans in excess of 80 ft (24.4 m) were considered.
Deck thickness varied with girder spacing. Concrete strength
for girders was varied between 5,000 and 7,000 psi (34.5 and
48.3 MPa).

Development of Computer Program

To evaluate the effect of each variable, a parametric study
was carried out. The number of variables necessitated preparing
a computer program to analyze each case and generate cost data.

The computer program, called BRIDGE, is described in detail
in Appendix E. Program documentation, user's instructions,
source listing and sample problems are all included in the
Appendix. The following are highlights of the program.

Program BRIDGE requires input of the following data:

1. Geometric properties: 1Included are girder span, spac-

ing, and cross section.

2. Materials properties: Included are concrete and strand
characteristics.

3. Relative costs of materials: Materials considered are
deck and girder concrete, deck transverse flexural
reinforcement, and girder strands. Deck temperature
reinforcement and girder web reinforcement are not
considered in the cost analysis.

Data input is further simplified by making some of the above
data optional. Where material properties and relative costs are
not input in the program, default options are assigned inter-
nally by the program. These default options are summarized in
the "User's Input Instructions" in Appendix E.
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In addition to listing data input or information internally

assigned,

1.

4-

5.

6.
7.

the computer program outputs the following information:
Allowable concrete stresses and strand stresses, both
at prestress transfer and service load conditions
Deck thickness and reinforcement
Sectional properties for the girder (non-composite)
section, and the composite (girder-deck) section
Dead and live lcad moments and impact factor
Required number of strands and corresponding midspan
concrete and strand stresses, both at prestress trans-
fer and service load conditions
Midspan camber or deflection
Weight of materials and cost index per unit surface

area of bridge deck

The following assumptions were made in Program BRIDGE:

1.
2.
3.
4.
5.

Design conforms to AASHTO Specifications.(s'lz)

Live load consists of HS 20-44 loading.

Girders are simply supported.

A typical interior girder is considered.

Concrete deck is cast-in-place and acts compositely
with the girder. Deck formwork is supported on the
girder. 1In calculations of the composite section prop-
erties, the transformed area of strands is neglected.
Concrete compressive strength of the deck is constant
and equal to 4000 psi (27.6 MPa) at 28 days.

Strands are Grade 270 (1,862 MPa) stress relieved with
1/2-in (12.7 mm) diameter and have an idealized tri-
linear stress-strain curve.

Total prestress losses are constant and equal 45,000 psi
(310 MPa).

Cost of materials, labor, transportation, and erection
of girders having concrete compressive strength between
5000 and 7000 psi (34.5 and 48.3 MPa) is assumed con-
stant. The effect of increasing the girder concrete
strength from 5000 to 7000 psi (34.5 to 48.3 MPa) on

the in-place cost of the girder is negligible.
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10. Relative unit costs of materials and labor are constant
for the cost analysis.

11. Cost analysis comparisons are for the precast girder
and a cast-in-place deck. Cost of substructure and
approach fills are not considered.

Relative Unit Cost Indexes

Several factors affect the cost of the superstructure. They
have been discussed under the heading "Availability and Cost".
An assessment of local and regional factors was not possible
within the scope of this project. However, a cost analysis was
possible by comparing the cost of the recommended sections based
on a common ground.

From survey data, an average cost for girder concrete, deck
concrete, reinforcing steel, and prestressing strands was deter-
mined. Average costs included cost of materials and labor. For
girder concrete, the cost also included transportation and erec-
tion. These average costs were then reduced to relative costs
per pound of in-place material. The following relative unit
costs for in-place materials (including labor) were used for the

cost analysis.

Concrete (girders and deck) 1 unit/lb
Strands 8 units/1b
Reinforcing steel 9 units/1b
Epoxy coated reinforcing steel 12 unifs/lb

Girders were compared based on the same unit costs. In the
cost analysis, top deck reinforcement was assumed to consist of
epoxy coated bars. However, this is optional in Program BRIDGE.
Top deck reinforcement can be specified as regular deformed
bars.

The relative costs of materials were taken as the product of
material weight and relative unit costs. The summation of rela-
tive costs of materials was then divided by deck area to give

cost index per square foot.
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Design Charts

Data generated by Program BRIDGE can be used to prepare dif-
ferent types of design aids., For preliminary designs, the rela-
tion between girder span, girder spacing, and required number
of strands can be very useful.

Figure 11 shows the required number of strands versus span

length for selected girder spacings of AASHTO Type VI section.
A similar plot is shown in Figure 12 for Washington Series 14
girder, For comparable spans, the number of strands required
in the Washington Series 14 section is considerably less than
that required in the AASHTO Type VI,

Another type of design aid is shown in Figure 13, 1It
depicts maximum spans that can be achieved at different girder
spacing for four girder cross-sections. This figure indicates
that for a given girder spacing, the longest spans are achieved
using AASHTO Type VI girder. Design aids in the form of charts
as shown in Figures 11 to 13 do not reflect the cost-effective-
ness of the sections. The main purpose ofhProgram BRIDGE is to

generate cost analysis data for comparisons.

Optimum Cost Index Charts
Using Program BRIDGE, a cost chart was prepared for each of
the sections considered in Phase II of the project. Same rela-

tive unit costs for in-place materials (material and labor) as
well as material properties were assumed for all girders and
decks. For the girders, the concrete compressive strength w553“
assumed to be 4500 psi (31.0 MPa) at transfer (féi)' and Y
6000 psi (41.4 MPa) at 28 days (fé). For the deck, the concrete
compressive strength at 28 days, fé, was assumed to be 4000 psi
(27.6 MPa).

All cost charts were drawn to the same scale for comparison
purposes. These charts are presented in Appendix F. A repre-
sentative chart is given in Figure 14. It depicts cost index
per square foot of deck versus span length for AASHTO Type VI
girder. The solid lines are for selected girder spacing.

Cost curves can be drawn for different girder spacings vary-

ing between 4.5 and 10 ft (1.37 and 3.05 m). If for each span
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the least cost index points are joined, an "optimum cost curve"
is obtained. These points will correspond to different girder
spacings, except where the maximum girder spacing of 10 ft
{3.05 m} controls.

In Figure 14, the dotted curve is an actual optimum cost
curve. It was obtained through a detailed analysis. Discon-
tinuities of this curve are due to several factors affecting
the cost index. The main factor is the deck thickness.

As girder spacing increases, deck thickness increases in
1/2-in (12,7 mm) increments. The result is a sudden change in
weight of deck and composite sectional properties. 1In turn,
section properties affect member design and cost of materials.
In addition required number of strands is computed ‘to the whole
nearest number. Although the cost of one strand is negligible
compared to the overall cost, each strand has an important
effect on the concrete stress level.

In this report, discontinuities in the optimum cost curves
are ignored and an idealized curve is plotted for all cost charts.
In Figure 14, this idealized curve is shown as a dashed line.

Figure 14 illustrates the effect of girder spacing on cost.
For a given span, as girder spacing increases, unit cost per
square foot of bridge deck decreases. For an AASHTO Type VI
section, if girders are spaced 10 ft (3.05 m) apart, the cost per
unit area of bridge deck is 30% less than if girders are spaced
4.5 ft (1.37 m) apart. Therefore it would be most economical to
place girders at the largest practical girder spacing.

For sections analyzed in this report, the cost of girders
represents a significant portion of the cost of the bridge
superstructure. For example, if AASHTO Type VI girders are
placed at a spacing of 10 ft (3.05 m), the in-place cost of the
girders is about 40% of the overall in-place cost of girders and
deck. However, if AASHTO Type VI girder spacing is reduced to
4.5 ft (1.37 m), then the cost of the girders is about 65% of
the in-place cost of girders and deck. The overall in-place
cost with a girder spacing of 4.5 ft (1.37 m) is 45% higher than
with a girder spacing of 10 ft (3.05 m).
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Cost Effectiveness Compar isons

Optimum cost curves were used to compare the cost effec-
tiveness of selected girders. Spans in excess of 80 ft (24.4 m)
were investigated. Girder spacing considered ranged between
4.5 and 10 ft (1.37 and 3.05 m).

Comparisons of Girder Cross Sections
AASHTO Girders - Optimum cost curves for AASHTO Types IV,

V, and VI girders are shown in Figure 15. For spans from 80 to
100 £t (24.4 to 30.5 m), the cost index per square foot is about
the same for the three sections, when used at maximum girder
spacing, Detailed analysis reveals that a Type IV girder can be
used at a maximum girder spacing of 9.0 ft (2.74 m). Types V
and VI girders can be used at the limiting maximum girder spac-
ing of 10 ft (3.05 m).

Figure 15 indicates that for spans larger than 100, 125 and
140 £t (30.5, 38.1, and 42.7 m), the cost index increases
rapidly for AASHTO girders Types IV, V, and VI, respectively.
Maximum spans that could be achieved at the limiting minimum
girder spacing of 4.5 ft (1.37 m) are 119, 144, and 158 ft
(36.3, 43.9, and 48.2 m).

Modified AASHTO Girders - Optimum cost curves for Modified
AASHTO Types IV, V and VI girders are shown in Figure 16. These

girders have a 6-in (152 mm) thick web. Span capabilities of
the Modified sections are comparable to those of the correspond-
ing AASHTO girders. However, the modified girders lead to
savings of about 6% on the overall cost of the in-place girders
and deck.

Colorado Sections - Colorado's G54 and G68 girders are com-

pared in Figure 17. For an 80 ft (24.4 m) span, with maximum
girder spacing, the cost index is the same for both girders.
Detailed analysis shows that maximum girder spacing is 8.2 and
9.0 £t (2.5 and 2.74 m) for G54 and G68 girders, respectively.
At a girder spacing of 4.5 ft (1.37 m), maximum girder spans are
122 and 140 ft (37.2 and 42.7 m) for G54 and G68, respectively.
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Modified Colorado Section - An optimum cost curve for Modi-
fied G68/6 girder is also plotted in Figure 17. This section

is similar to G68 but has a 6 in (152 mm) web. Span capabili-
ties are the same for G68 and G68/6. However, for similar
spans, Girder G68/6 costs about 3% more than G68.

Washington Series - Cost comparisons of Washington Series

girders are made in Figure 18. 1In the range of 80 to 90 ft
(24.4 to 27.4 m), the cost is about the same for Series 80, 100,
120 and 14. Maximum girder spacing is 7.0, 7.5, 8.5, and 9.0 ft
(2.13, 2.29, 2.59, and 2.74 m), respectively. At a girder
spacing of 4.5 ft (1.37 m), maximum spans are 106, 122, 142, and
150 ft (32.3, 37.2, 43.3, and 45.7 m) for Series 80, 100, 120,
and 14, respectively. Figure 18 shows that Series 14 girder is
slightl§ more cost-effective than Series 120 girder. Newly
developed Series 14 girder is a replacement for Series 120
girder.

Modified Washington Series - Modified Washington Series
80/6, 100/6, 120/6 and 14/6 girders are compared with Washington
Series 80, 100, 120, and 14 in Figures 19a and 19b. The modi-
fied sections with 6 in (152 mm) web cost 3 to 5% more than

similar sections having 5 in (127 mm) web. The higher costs
correspond to the heavier sections. Apart from this cost dif-
ference, Washington Series girders and their modified counter-
parts have about same maximum span and maximum girder spacing
capabilities, '

Bulb-T's - Optimum cost curves for Anderson's Bulb-T's are
plotted in Figure 20. For spans of 80 to 85 ft (24.4 to
25.9 m), the cost is about the same for BT48, BT60, and BT72.
Maximum girder spacing for 80 ft (24.4 m) spans is 7.0, 8.0, and
8.8 ft (2.13, 2.44, and 2.68 m). At a girder spacing of 4.5 ft
(1L.37 m), maximum achievable spans are 100, 127, and 142 ft
(30.5, 38.7, and 43.3 m). .

Modified Bulb-T's - Modified Bulb-T's BT60/6 and BT72/6
girders are compared with BT60 and BT72 girders in the cost
chart of Figure 21. Bulb-T's with 6-in (152 mm) thick webs

cost about 4% more than Bulb-T's with 5-in (127 mm) thick webs.
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Overall Comparisons - Optimum cost curves for AASHTO Type
VI, Colorado's G68, Washington Series 14, and Bulb-T BT72
girders are compared in Figure 22, These girders are intended

for use for spans in excess of 100 ft (30.5 m). PFigure 22 indi-
cates that Bulb-T BT72 is the most economical for spans up to
135 ft (41.2 m), and the AASHTO Type VI girder is the most
expensive.

Modified Girders G68/6, Series 14/6, and BT72/6 are compared
with AASHTO Type VI girder in Figure 23. For spans up to 140 ft
(42.7 m), Modified Bulb-T BT72/6 is the most economic and is on
the average about 3% cheaper than a Modified Series 14/6 girder.

Compar isons of cost index for sections plotted in Figures 22
and 23 relative to cost index of AASHTO Type VI girder are given
in Table 1. These comparisons are made for different girder
spans. Cost ratios for spans of 80 and 90 ft (24.4 and 27.4 m)
are not shown because these heavy girders are not used for these
spans. The cost ratios tabulated indicate that savings up to
20% can be achieved on the in-place total cost of girder and
deck by using Bulb-T girders instead of the AASHTO Type VI
girder. For spans in excess of 100 ft (30.5 m), Bulb-T 72,
Washington Series 14, and Modified BT72/6 and Series 14/6 yield
the least cost, the first being the most economical.

Web Thickness - The above comparisons between Bulb-T's,

Washington Series, and Colorado G68 girders with 5-in (127 mm)
thick webs and similar sections with 6-in (152 mm) thick webs
indicate that girders with 6-in (152 mm) thick webs cost 3 to
5% more than similar girders having 5 in (127 mm) webs. How-
ever, sections with 6 in (152 mm) web would be easier to manu-
facture in all regions of the United States according to the
survey results of Phase I. Their lateral stiffness is also
improved. Therefore, they would be more stable during trans-
portation.

Modified Bulb-T's and Modified Washington Series - Optimum

cost curves for Modified Bulb-T's and Modified Washington Series
girders are plotted in Figure 24. Up to spans of 140 ft
(42.7 m), Modified Bulb-T's are most economical. For spans
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TABLE 1 - COST RELATIVE TO TYPE VI GIRDER

Span, ft

Cross Section — - -—— 77— ——

100 110 120 130 140
AASHTO Type VI 1.00 1.00 1.00 1.00 1.00
Colorado G68 0.86 0.87 0.90 0.96 1.01
Wash. Series 14 0.83 0.83 0.86 0.90 0.92
Bulb-T BT72 0.79 0.80 0.83 0.89 0.95
A —— [ R U
Mod. G68/6 0.88 0.89 0.93 . 0.98 1.06
Mod. Ser. 14/6 0.86 0.86 0.90 0.94 0.98
Mod. BT72/6 0.83 | 0.83 0.87 0.92 0.98

1 £t = 0.305 m
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Figure 24 Comparison of Optimum Cost Curves for Modified
Bulb-T's and Modified Washington Series
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from 140 to about 150 ft (42.7 to 45.7 m), Modified Series 14/6
is slightly cheaper than Modified BT72/6.
Modified Bulb-T's and AASHTO Girders - Modified Bulb-T's

are compared to the AASHTO Sections in Figure 25. For spans
from 80 to 120 ft (24.4 to 36.6 m), Modified Bulb-T's vield
savings of about 17% over the AASHTO girders. For spans of 120
to 140 ft (36.6 to 42.7 m), cost savings vary from 17 to 2%.
These comparisons indicate that considerable savings can be
achieved by using Modified Bulb-T's rather than AASHTO girders
for spans up to 140 ft (42.7 m),

Effect of Concrete Strength

In all the above comparisons, the girder's concrete compres-
sive strength was assumed to be 6000 psi (41.4 MPa). Some
girders were analyzed assuming 5000 and 7000 psi (34.5 and
48.3 MPa) concrete. The effect of concrete compressive strength
on optimum cost curves is illustrated in Figures 26 and 27.
These figures indicate that by increasing the girder's concrete
compressive strength, maximum span capability of a section is
increased. ’

By increasing the concrete compressive strength from 5000 to
7000 psi (34.5 to 48.3 MPa), the maximum span of AASHTO Type IV
girder is increased by about 15 ft (4.6 m). For AASHTO Type VI
girder, maximum span range is increased by about 22 ft (6.7 m).
This is equivalent to increasing the span capability by about
7% for each 1000 psi (6.9 MPa). However, this increase
in span capability is associated with an increase in cost per

unit area of bridge deck.

Effect of Bundling Strands
In all the above comparisons, strands were assumed spaced

2 in (50.8 mm) on center at midspan. Strands were positioned
as low as possible in the section to obtain maximum eccentricity
of prestressing force. Colorado G54 and AASHTO Type VI girders
were also analyzed assuming that strands were bundled. They
were positioned 1/2 in (127 mm) on center to produce maximum

eccentricity of prestress. Minimum clear concrete cover for
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Figure 25 Comparison of Optimum Cost Curves for Modified

Bulb-T's and AASHTO Girders

68



AASHTO Type IZ
380
300
Cost Index
per sq. ft
250
200 —
Girder  fg; = 4500 psi
Deck  f, = 4000 psi
N [ft = 0.305 m
Ipsi = 6.895 kPa
o) % 1 1 1 ] 1 ]
0 80 100 120 140 160

Span , ft

Figure 26 Variation of Optimum Cost Curves with Concrete
Compressive Strength for AASHTO Type IV Girder

69



400

350

300

Cost Index
per sqg. ft

250 -

200

6000

AASHTO Type MI

|

l

l

Girder f.=5000 psi l'
l

Girder  f.; = 4500 psi
Deck fe = 4000 psi

{ft = 0.305 m
Ipsi = 6.895 kPa

Figure 27

i 1 | i 1
% 80 100 120 140 160
Span, ft

Variation of Optimum Cost Curves with Concrete
Compressive Strength for AASHTO Type VI Girder

7C

.~l— [ .



strands was assumed to be 1-3/4 in (44.5 mm). For analysis of
bundled strands, strands were assumed placed next to each other
in rows. The first row was assumed positioned 2 in (50.8 mm)
from the bottom of the girder, and subsequent rows 1/2 in

(12.7 mm) on center.

The effect of bundling strands on cost index is illustrated
in Figures 28 and 29. Optimum cost curves for Colorado G54
girder with strands spaced 2 in (50.8 mm) on center, and with
bundled strands are shown in Figure 28. Similar curves for
AASHTO Type VI girder are shown in Figure 29.

Analysis of Colorado's G54 section assuming a girder spacing
of 4.5 ft (1.37 m) and strands spaced 2 in (50.8 mm) on center
indicates that maximum span is 122 ft (37.2 m) and corresponding
number of strands is 37. When strands are bundled, maximum span
is 125 ft (38.1 m) and corresponding number of strands is 35.
Therefore, the effect of strand bundling is negligible.

Of all sections analyzed, AASHTO Type VI girder required the
largest number of strands, When strands are spaced 2 in
(50.8 mm) on center, maximum span is 158 ft (48.2 m). Corre-
sponding number of strands is 67. When strands are bundled,
maximum span is 160 ft (48.8 m) and number of strands is 55.

The overall cost savings resulting from reduction in number of
strands are negligible. 1Increase in span capability due to
bundling of strands is also negligible.

Governing Design Criteria

Output from Program BRIDGE included concrete stress in top
and bottom fibers at midspan at transfer and service load and
flexural strength of member. A study of these concrete stresses
and required flexural strength revealed that in all cases con-
sidered, design was governed by bottom concrete stress at mid-
span under service load. In Program BRIDGE, this concrete stress
was limited to a tension of 6 ng_psi (0.5 JET_MPa).

c
The above observation was also made by Aswad.(zz)

He found
that for spans up to about 72 ft (22 m), strength design

governs. For spans in excess of 72 ft (22 m), bottom concrete
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Figure 28 Effect of Strands Bundling on Optimum
Cost Curves for Colorado G54 Girders
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Figure 29 Effect of Strands Bundling on Optimum
Cost Curves for AASHTO Type VI Girder
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stress at service load governs. Based on the above observa-
tion, preliminary design of bridges can be accelerated by
satisfying midspan bottom concrete stresses under service
loads. Other stress and strength requirements can then be
checked. Bottom concrete stress at midspan will also control
when no tensile concrete stress is allowed under service load.

As the bottom concrete stress at midspan due to service
load controls the design of spans in excess of 80 ft (24.4 m),
the aim of any optimization should be to maximize the composite
modulus of section for bottom fibers. Efficiency factor or
efficiency ratio as discussed under "STRUCTURAL EFFICIENCY"
should be a function of the composite modulus of section for
bottom fibers. Therefore, girder spacing should be considered
when determining efficiency of a girder cross-section.

Shear Design Considerations

Program BRIDGE determines the number of strands that satisfy
flexural service load stresses and strength requirements. No
attempt was made to incorporate shear design in the program
because this was outside the scope of this project. Shear
design is a tedious task for the prestressed concrete bridge
designer. The problem is further complicated when adjacent
spans built with precast prestressed members are made continu-
ous for live locad only.

Simplified calculations were made to check whether end
blocks might be required for the sections recommended in this
report. Nine selected cases judged to produce the highest nom-
inal shear stress were analyzed. Girders were assumed simply
supported. End shear was assumed equal to values of end reac-
tions given in Appendix A of the AASHTO Specifications.(s)

Table 2 summarizes the nominal shear stress calculated for the
nine cases analyzed. The level of nominal shear stress is well
within the minimum allowable value of 9,7vrfg psi (0.81'JEZ MPa)
given in the Interim 1980 AASHTO Specifications.(lz) Based on
shear design considerations, end blocks are not needed in any
of these sections, including the Washington Series 14 and Bulb

BT72 with 5 in (127 mm) webs. However, detailed shear design
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Case
No.

O 0 N O 0 b W N =

*Value of concrete compressive strength,

1 £t

TABLE 2 - NOMINAL SHEAR STRESS

Gi

AASHTO
AASHTO
AASHTO
AASHTO
Bulb-T
Mod BT
Wash.

Wash.

Mod. S

0.305 m;

rder

Type IV
Type VI
Type VI
Type VI
BT72
72/6
Ser., 14
14

14/6

Ser.

er.

l psi =

Span Girder Nominal

(£t) Spacing Shear vu/Jf;*
(£t) v,r Ppsi

100 8.0 520 6.

110 8.0 447 5.

120 10.0 561 .

140 8.0 533 .

110 8.0 625 8.0

110 8.0 533 .

110 8.0 622 .

140 4.5 475

110 8.0 531 6.

6.895 kPa

75

fé, assumed 6000 psi.




is necessary, for each bridge, and particularly when adjacent

spans are made continuous for live load.

SI CONVERSION
Recently, new SI (metric) sections were adopted in Canada

under an arrangement agreed to by the prestressed concrete
producers. For an unspecified period of time, bridges in
Canada will be designed using the new sections, but alternate
designs will be provided based on existing non-metric sections.
Since the new sections are more efficient than the existing
ones, it was felt that the changeover would be accelerated by
the competitive need to use the new sections. Dimensions and
sectional properties of the 0ld and new Canadian sections are
given in Appendix C.

CONCLUSIONS

Based on the survey of Phase I and cost-~analyses of Phase
II, the following conclusions are made.

1, In all states surveyed except California, the most
economical bridges for spans of approximately 70 to
130 £t (21.3 to 39.6 m) are constructed with preten-
sioned bridge girders. 1In California, cast-in-place
post-tensioned box girder bridges are most economical.

2, When compared with other sections, BAASHTO standard
bridge girders are not the most structurally efficient
or cost-effective for spans of 80 to 140 ft (24.4 to
42.7 m).

3. Because of transportation restrictions, maximum spans
made of single units are limited to about 140 £t (42.7 m).
Longer spans are possible by splicing girders.

4, Intermediate diaphragms are not needed. End diaphragms
are sufficient.

5. For girders with 5-in (127 mm) thick webs, the most
cost-effective sections are Bulb-T's, For spans from
B0 to 120 ft (24.4 to 36.6 m), Bulb-T's have 20% less
in-place cost of girder and deck compared to AASHTO
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10.

11.

girders. For spans of 120 to 135 ft (36.6 to 41.2 m),
the cost reduction for Bulb-T's varies from 20 to 5%.
Next most cost—-effective sections with 5-in (127 mm)
thick webs are the Washington series.

In most regions of the United States, it may not be
easy to consolidate the concrete in girders with 5-in
(127 mm) thick webs. Moreover, in these girders,
strands must be bundled at midspan and end blocks are
needed to conform with minimum concrete cover
requirements.

By using girders with 6-in (152 mm) thick webs, it
will be possible to consolidate the concrete in these
girders in all regions of the United States.

Use of 6~in (152 mm) thick webs instead of 5 in

{127 mm) in Bulb-T's, Washington series, and Colorado
G6B girders increases overall in-place cost of girder
and deck by 3 to 5%.

For girders with 6-in (152 mm) thick webs, most cost-
effective sections are Modified Bulb-T's. For spans
of 80 to 120 ft (24.4 to 36.6 m), Modified Bulb-T's
have 17% less in-place cost of girder and deck com-
pared to AASHTO girders. For spans of 120 to 140 ft
(36.6 to 42.7 m), the cost reduction varies from 17
to 2%.

Next to Modified Bulb-T's, modified Washington Series
girders with 6-in (152 mm) thick webs are the most
cost-effective sections. For spans from 80 to 120 ft
(24.4 to 36.6 m), overall reduction of the in-place
cost of girder and deck is 1l4%. For spans of 120 tow
140 £t (36.6 to 42.7 m), cost reduction ranges from 14
to 2%, compared to the AASHTO girders,

Reduction of top and bottom flange widths and web
thicknesses of AASHTO Types IV, V and VI girders by

2 in (50.8 mm) reduces overall in-place cost of gir-
ders and deck by about 6%. Span capability of the
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and

12.

13.

14.

modified sections is not affected by this change in
width,

The overall in-place cost of girders and deck is
decreased substantially by placing girders at the
largest practical girder spacing.

Increase of girder's concrete compressive strength from
5000 to 7000 psi (34.5 to 48.3 MPa) increases the span
capability of AASHTO girders by about 15%.

Bundling of strands at midspan in order to increase
eccentricity of prestress does not lead to any signif-

icant overall cost reduction for girders considered.

RECOMMENDATIONS

Based on the cost-analysis results discussed in the report

the above conclusions, the following are recommended:

1.

Modified Bulb-T girders with 6-in (152 mm) thick webs
are recommended for use as national standard precast
prestressed concrete bridge girders in the United
States for spans from 80 to 140 ft (24.4 to 42.7 m).
If metrication is adopted, modification of the above
sections to SI (metric) units should be considered as
part of any standardization.

Girder spacing should be as large as possible.

A synthesis report is needed on techniques available
for splicing girders for spans in excess of 135 ft
(41.2 m).

Although lightweight concrete was not considered in
this investigation, it should be given more consgsidera-
tion for bridges built with precast prestressed con-
crete girders and cast-in-place concrete deck. Light-
weight concrete has a cost premium above that of normal
weight concrete. However, overall weight reduction
can lead to cost savings.

Lateral stability of long span girders should be inves-
tigated to determine critical lengths beyond which
girders should be braced laterally during transporta-

tion and erection.
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IMPLEMENTATION

Construction of the Interstate highway system has been com-

pleted in a few states. In most states, it is close to comple-
tion. Therefore, the rate of bridge construction on the inter-
state highway is much slower than in the period between late
1950's and early 1970's. However, according to statistics
prepared by the Bridge Division, Federal Highway Administration,
U.S. Department of Transportation, considerable new bridge
construction and major reconstruction is ongoing.

The cost of new prestressed concrete bridge construction
and major reconstruction with participation of federal funds
authorized during calendar year 1980 totaled $695 million.

Based on bridge inventory and inspection records, it is antici-
pated that "in the next 20 to 30 years, we will have over $30
billion worth of bridge construction based on the value of the
dollar today."(26)

As mentioned earlier, selection of bridge type is based on
economy. Safety standards for interstate and other high speed
highways require greater clearances. Therefore, there is need
for construction of bridges with spans of 110 to 130 ft (33.5
to 39.6 m). In all states surveyed except California, most
economical bridges for spans of approximately 70 to 130 £t (21.3
to 39.6 m) were constructed with pretensioned bridge girders.

Cost analyses discussed earlier indicate that modified
Bulb-T's can yield savings of 17% on the overall cost of girder
and deck compared to AASHTO girders. This is in addition to the
fact that the Modified Bulb-T's are about 35% lighter than
AASHTO girders for comparable spans. A 140 ft (42.7 m) AASHTO
Type VI girder is extremely heavy and therefore very difficult
to transport on highways. Lighter sections with 140 ft (42.7 m)
have been transported on highways.

Steel forms constitute a capital investment. However, their
life span is limited to about 10 years. Cost savings resulting
from use of optimized girders should be adequate to cover the
cost of new forms over a period of a few years in areas where

AASHTO girders are used. Where new forms are needed, new plants

79



built, or improved sections sought, optimized sections should
be considered.

Implementation of new sections should be gradual aver a
period of time., It will require effort on the part of both
Departments of Transportation and producers. Preparation of
design aids for the new sections will encourage and facilitate
implementation of the new sections.

Highway agencies should be informed of economic benefits
that can be achieved with optimized sections. Departments of
Transportation will have to design with old and new sections
over a transition period. The Canadian experience in switching
to new metric sections sets an example of implementation of new
sections under an arrangement agreeable to producers and high-
way agencies.
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APPENDIX A - SURVEY PARTICIPANTS

Highway agencies and producers selected for the survey are

listed below.

In all cases, the survey was initiated through

telephone conversations. In addition, site surveys were made

where indicated by "(8)".

Highway Agencies

1.

10.

11.

Producers

12,

13.

14.

State of California, Department of Transporta-
tion, (S)

State of Colorado, State Department of Highways.
State of Illinois, Department of Transporta-
tion. (S)

State of Louisiana, Department of Transportation
and Development,

Oregon State Highway Division. (s)

‘Commonwealth of Pennsylvania, Department of

Transportation, (S)

State of Tennessee, Department of Transportation.
State of Texas, State Department of Highways and
Public Transportation. (S)

Commonwealth of Virginia, Department of Highways
and Transportation. (S)

Washington State, Department of Transporta-

tion. (Ss)

State of Wisconsin, Department of Transporta-
tion. (8)

Concrete Technology Associates, Tacoma,
Washington. (S)

Prestressed Concrete Operations, St. Regis Paper
Company, Iowa Falls, Iowa.,

Stanley Structures, Denver, Colorado. (8)
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APPENDIX B - SURVEY QUTLINE
In order to conduct efficient and systematic site surveys,

an outline of required information was prepared. It covers all
items discussed under Phase I_of the Research Approach. Survey
outline is reproduced below. Results of the survey are

presented in the body of the report.

Design and Construction Details
1. Solid-form sections used in the State
- Which AASHTO-PCI sections
- Other sections and corresponding span range

- When developed
- When first pretensioned bridge built
- When first post-tensioned bridge built
- Any effort presently to modify/improve sections
- Would State consider improved sections, if developed
- Obtain drawings of sections
2. Longest spans built using single pretensioned girders
3. End blocks required
- When used
4., How bursting (end splitting) reinforcement designed
5. End diaphragms used
- Policy for intermediate diaphragms
6. Is tension in concrete under service load permitted
- How much
- When adopted
7. Concrete Properties
-~ Strength at release féi
- 28 day strength fé
- Density of normal weight concrete
~ Lightweight concrete for bridge girders
- Lightweight concrete for decks
- fé lightweight
- Density of lightweight concrete
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10.
11.

12.

l3l

14.

15.

1.
2.
3.
4.
5.
6.

Strand Properties
- Bize
- Grade
- Surface conditiocn .
— Stress~relieved, low-relaxation
- Where strands manufactured
Maximum girder spacing
Maximum allowable camber and differential camber
Types of decks
- Cast-in-place
- Precast deck panels
- Permanent forms, steel or concrete
- Maximum deck thickness
- Bent-up bars in deck
Design Loads
- HS20-44
— Other loads
Design aids for bridge designers
- Tables or charts
Does adequacy of manufacturers, erectors, contractors
influence decision regarding type of bridge.
Does State permit (or encourage) contractor/supplier
alternate designs to reduce overall cost? (emphasis on

fabrication details and erection procedure)

Fabrication Detail:

Minimum spacing between strands (center to center)
Minimum concrete cover
Limitation on web thickness
Stability during handling
Restrictions on draping locations
Precasting plants
- How many within State
- Use of out of state
- Licensed by State
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7.
8.
9.
10.
11.

Turn—around time for prestressing beds
Crane capacity in plant
Any new developments in prestressing hardware systems

Transportation Requirements and Restrictions

Maximum girder length without permit

- Maximum transported
Maximum girder weight without permit

- Maximum weight of girders transported
Availability of moving equipment

Instability during transportation

Availability and Costs

Cost in-place per lineal foot of girder (each section)
Cost in place per square foot of deck
Cost per square foot of superstructure
Cost variation due to concrete strength fé_
Prestressing beds, steel forms

- Initial cost

- Life span

- End blocks - how incorporated

- effect on cost

Labor (plant, site)

- Availability, skilled

- Wages
What could be done to cut down on cost
How manufacturers estimate cost
Haul costs §$/kip/mile - Freight tariff steps
State unit prices for cost estimate
Cranes at construction site

- Availability

- Capacity

- Costs
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Structural Durability

Design life span

Frequency of inspection

Problems encountered (and freguency)
Cracks in prestressed concrete girders

Aesthetics and Safety

Aesthetics requirements
Safety requirements

Opinions and Policies

Opinions and policies of local authorities, including
industry regarding selection and use of major prestressed
concrete girders

New Concepts

New concepts related to design, manufacture, erection or
construction of pretensioned bridge girders
Blanketing or debonding of strands >
- Used
- Why not
- Draping satisfactory
Has splicing of pretensioned I, or T-segments been used
~ If yes, longest spans achieved
- If not, has it been considered
Combination pretensioning and post-tensioning of single
(non-spliced) units
Precast prestressed deck panels as permanent forms

Possible use of lightweight concrete
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Other

Trade-offs between I, box and steel sections
Projections on future bridge construction (pretensioned
girders)

- Spans

- Volume
Criteria for optimization
What can be done to make pretensioned bridge construction

more attractive and more economical
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APPENDIX C - GIRDER PROPERTIES

Dimensions and properties of standard bridge girder sec-

tions used by the survey participants are presented in this

Appendix.

Table 3 lists the sectional dimensions. Notations

appearing in this table are identified in the sketches of

Figure 30.

Dimensions of the new Canadian standard metric

prestressed I-Girders are listed in Table 4. These sections

were approved by the Canadian Prestressed Concrete Institute in

October 1979,
Properties of sections appearing in Tables 3 and 4 are

listed in Tables 5 and 6, respectively. Standard sectional pro-

perty notations have been used.
Distance from centroid of girder to top concrete fiber
Distance from centroid of girder to bottom concrete

Ye ©
Yp =

St =
St =

and Guyon 21

fiber
Modulus of section for
Modulus of section for

3.
« h

They are defined as follows:

top concrete fiber
bottom concrete fiber

Efficiency factors 0 and P have been suggested by Aswad(zz)
), respectively. They are defined as follows:

46 Sb

Yi+ Yp B .y,

Approximate span range capabilities of each girder section

are also shown in Tables 5 and 6.

The span range varies with

the concrete compressive strength at transfer and at 28 days.
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h e a. I - Section
¥4
._a;__
f \
.7;_.
g
b
9
[, a

kb
7%;—— /
7 w X L y i,
A 7t —2
h e b. T - Section
z
f / \
f7¢______
9
Vo

Figure 30 Nomenclature for Cross-Sectional Dimensions
Shown in Tables 3 and 4
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TABLE 3

CROSS-SECTIONAL DIMENSIONS

Girder Dimension*, in
Agency Type a d e f g h J w X y z
AASHTO-PCI | Type I 12 |4 3 - | n 5 28 | 16 | 6 3 -
| Type II 12 |6 3 - | 15 6 36 | 18 | 6 3 -
Type IIT | 16 7T 4.5 | - |19 7.5 7 5 |22 | 7 ' 4.5 - 7.5
Type IV 20 8 6 - |23 9 8 54 - 26 | 8 6 - 9
Type V 2 5 3 y 33 10 8 63 28 8 y 13 10
Type VI 2 5 3 T 10 8 72 28 8 Y 13 10
“ California  3'-0" 19 3 6 - 15 6 6 36 19 T 6 - 6
" 314" 19 3 6 - 21 6 6 42 19 T 6 - 6
yron 19 3 6 - 27 6 6 8 19 T 6 - 6
yrpn 19 3 6 - 33 6 6 5 19 ' 7 6 - 6
510" 19 3 6 - 39 6 6 60 19 T 6 - 6
516" 19 3 6 - 15 6 6 6 19 T 6 - 6
Colorado G54 28 5. 1.5 2 33.5 5 6. 54 2y 6 2 9 8.5
G68 28 5. 1.5 2 49 3.5 6. 68 24 5 2 9.5 8.5
Illinois 36" 12 U 3 - 17 6 6 36 18 3 - 6
yom 16 4 2.5 - 21,5 8 6 2 22 6 5 - 8
ygn 18 4 2.63 - 27.12 T.25 71 48 22 7.5 5.25 - 7.25
5y 20 6 3 - 30.75 T.25 T 54 22 7 - 8

¥Notations are identified in Figure 30

1

in = 25.4 mm




te

TABLE 3

CROSS~SECTIONAL DIMENSIONS

(Cont.)
Girder _ Dimension*, in
Agency Type a b - ¢ d e f g h J W X y z
Iowa A30-AL6 13 | 4 1 - 16 6 5 32 |17 | 6 3.5 - 5.5
A50-~A55 16 | 4 1 - 16 6 5 32 |20 | 9 3.5 - 5.5
B34-B59 13 | 5 1 - 20 6 7 39 | 17 | 6 3.5 - 5.5
B63-B67 16 | 5 1 - 20 6 7 39 |20 | 9 3.5 - 5.5
C30-C67 13| 5 1 - 25 6 8 b5 | 17 | 6 3.5 - 5.5
C71-C80 16 | 5 1 - 25 6 8 s | 20 | 9 3.5 - 5.5
D35-D95 20 | 6 1 - 31.5 7.5 8 54 122 [ 7 6.5 - 7.5
Louisiana AASHTO~PCI Types II, III, and IV
Oregon AASHTO-PCI Types II, III, and IV ‘
Type V 20 8 (6 - 32 9 8 | 63|26 8 6 - 9
BT 65" ug 2.5 2.5 3 ug 4 5 65 | a4 7.5 3 17.25 8.25
ﬁT 72" ug 2 3 2 56 3 6 72 | 26 6 2 19 10
I 8un 24 6 6 - 60 6 6 84 | 24 7.5 8.25 - 8.25
Pennsylvania 20/30 w3 3 - 12 8 4 30 20 8 3 - 6
20/ 33 14 y 3 - 12 8 6 33 | 20 8 3 - 6
20/36 14 5 3 - 12 8 8 36 | 20 8 3 - 6
20/39 14 8 3 - 12 8 8 39 | 20 8 3 - 6
24733 18 Yy 3 - 12 8 6 33 | 24 12 3 - 6
24/36 18 5 3 - 12 8 8 36 | 24 12 3 - 6

¥Notations are identified

in Figure 30

1 in = 25.4 mm
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TABLE 3

CROSS-SECTIONAL DIMENSIONS

(Cont.)
Girder Dimension¥*, in
Agency Type a b c d e f g h J W X y z
Pennsylvania | 24/42 18 ] y - 17 10 7 42 | 24 8 5 - 8
24/45 18 7 uy - 17 10 7 s | 24 8 5 - 8
24748 18 8 u - 17 10 9 48 | 24 8 5 - 8
24/51 18 1N 4y - 17 10 9 51 24 8 5 - 8
24/54 18 14 y - 17 10 9 54 | 24 8 5 - 8
26/33 20 b 13 - 12 8 6 33 26 14 3 - 6
26/36 20 5 3 - 12 8 8 36 26 | 14 3 - 6
26/60 26 6 6 - 29 10 9 60 26 10 8 - 8
26/63 26 9 6 - 29 10 9 63 26 10 8 - 8
28/63 AASHTO-PCI Type V
Tennessee AASHTO-PCI Types I, II, III, and IV
Texas 12 4 3 - 11 5 5 28 | 16 6 3 - 5
B 12 5.5 2.75| - 14 5.75 6 34 | 18 6.5 2.75| - 5.75
C 14 6 3.5 | - 16 7.5 7 ho | 22 7 3.5 - 7.50
ug 14 3.5| 4 - 29.5 4y 7 48 14 6 4y - !
54 16 uy 5 - 32 5 8 54 16 6 5 - 5
60 18 4,51 5.5 | - 35.5 5.5 9 60 | 18 7 5.5 - 5.5
66 20 5 6.5 | - 38 6.5 10 66 | 20 7 6.5 - 6.5
72 22 5.5/ 7.5 | - 40.5 7.5 1 72 | 22 7 7.5 - 7.5
v AASHTO-PCI Type IV

¥Notations are identified

in Figure

30

in = 25.
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TABLE 3 - CROSS-SECTIONAL DIMENSIONS

(Cont.)
Girder Dimension¥*, in
Agency Type a b c d e f g h J W X y z
Virginia AASHTO-PCI Types III, IV, V, and VI
T 34n Max.
ugn 3 - 27 - - 34 12 12 3 15 -
Washington Series 40 14 3.5 1.5 = 21 2 Yy 32 16 5 4,5 - 5.5
Series 60 14 3.5 1.5 - 30 2 5 u2 19 5 4,5 - 7
Series 80 19 5 2 - 34 3 6 50 24 5 - 9.5
Series 100 . 24 5 2 - 3 6 58 |2u 5 9.5 - 9.5
Series 12028 . 4 1.5 2 57 3 6 73.5 | 24 5 2 5 9.5
Series 14 42 2.87 | 2.63| 2 57 3 6 73.5 | 24 5 2 16.5 g.5
Wisconsin AASHTO-PCI Types II, III, and IV
70" 30 6 1.5 2 hg9.5 3.5 7.51 70 26 6 2 10 10
Ontario AASHTO-PCI Types II, and III
(Canada) CPCI IV 22 6 3 - 31.5 6.5 7 54 ‘26 7 7.5 =~ 9.5
CPCI IV+4 22 10 3 - 31.5 6.5 7 58 26 7 7.5 9.5
ONT 90 36 5 3 3 63 8 8 90 26 8 3 C 1 9
MOD. |
LA , ONT 90 37 5 2 3 69 y 7 90 27 7 3 12 10

*Notations are identified in Figure 30 1 in = 25.4 mm
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TABLE 3 - CROSS-SECTIONAL DIMENSIONS

(Cont.)
Cross Section Dimension¥*, in
Identification a b c e f g h J W X y v
Anderson BT 48 48 1 3.0 33 3 6 48 | 24 5 2 119.5 | 9.5
BT 60 48 1 3.0 45 3 6 60 24 5 2 | 19.5 -
BT 72 48 1 3.0 57 3 6 72 24 5 2 19.5 9.5
Modified AASHTO !
Type IV 18 8 6 3 9 8  s& o4 6 | 6 - 9.0
Type V 4o 5 3 33 10 8 63 26 6 y 13 10.0
Type VI 40 5 3 42 10 8 72 26 6 4 13 10.0
Modified Colorado
G68/6 28 5.5 1.5 49 3.5 6.5 68 24 6 2 9.0 8.0
Modified Washington
Series 80/6 19 5 2 34 3 6 50 24 6 6.5 - 9.0
Series 100/6 24 5 2 y2 3 6 58 24 6 9.0 - 9.0
Series 120/6 28 y 1.5 57 3 6 73 .5 24 6 2 9 9.0
Series 14/6 42 2.87 2.63 517 3 6 73.5 24 6 2 16.0 9.0
Modified Bulb~T
BT 48/6 48 2 33 3 6 48 24 2 19.0 9.0
BT 60/6 48 45 3 6 60 24 6 19.0 9.0
BT 72/6 48 2 2 57 3 6 72 24 6 2 19.0 9.0
¥Notations are identified in Figure 30 1 in 25.4 mm
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TABLE 4 - DIMENSIONS OF NEW CPCI METRIC SECTIONS

Girder Dimension*, mm
Agency Type a b e d e f g h J W X y z
CPCI 900 300 150 30 - 480 | 90 150 900 | 450 150 7 | - | 150
Canadlan 1200 400 150 50 - 700 | 120 180 ~ 1200 | 550 | 150 | 125 | - | 200
Sections 1200 400 150 50 - 700 | 120 180 1200 | 550 | 150 125 | - | 200
1400 550 150 80 | - 840 | 150 | 180 1400 | 650 150 | 200 | - | 250
1900 900 125 50 | 75 1300 | 150 | 200 1900 | 650 150 75 | 300 | 250
1900A 930 125 | 50 75 1300 150 200 1900 680 180 75 300 250
2300 900 125 | 50 | 75 1700 | 150 | 200 | 2300 | 650 150 75 | 300 | 250
23004 | 930 1251 50 | 75 | 1700 | 150 | 200 | 2300 | 680 | 180 75 | 300 | 250

*Notations are identified in Figure 30

1 mm = 0.0394 in




TABLE 5 - CROSS-SECTIONAL PROPERTIES

86

Girder | h Ve yb Are; St3 Sbu Inerﬁia . ) Span Range¥*
Agency Type |(in) (in) (in) (in®) (in~) (in") (in") (ft)
AASHTO-PCI ' Type I 28 15. 41 12.59 276 1,476 1,807 22,750 0.81 0. 42 30 - U5
II | 36  20.17 | 15.83 © 369 2,528 3,220 50,980 | 0.84 0.43 40 - 60
III 45 2. 73 | 20.27 560 5,070 6,186 125,390 0.85 0.45 55 - 80
IV 54 29.27 = 24.73 789 8,908 10,543 260,730 0.86 0.4 70 - 120
V63 31.04  31.96 1,013 16,791 16,307 521,180 0.88 - 0.52 90 - 140
VI 72 35.62  36.38 1,085 i 20,587 20,157 . 733,320 0.89 0.52 110 - 150
? ‘ .
California  3'-0" 36 18.9 17.1 ¥32 . 3,350 3,700 63,300 0.82 0.45 50 - 55
316" U2 22.0 20.0 47y 4,320 4,750 95,000 0.83 0.4 55 - 65
yr-o" 48 25.2 22.8 516 5,450 ° 6,020 137,300 0.84% 0.46 65 - 75
yr_gm sy 28.3 25.7 558 6,640 7,310 187,800 , 0.84 0.46 75 - 80
5'-0" 60 31.4 28.6 600 7,920 8,690 248,600 0.84 0.46 80 - 90
516" 66 34,4 31.6 6U2 9,240 10,070 318,000 0.82 0.4 90 - 100
Colorado G54 54 27.33  26.67 631 8,877 9,095 242,585 0.92 0.53 80 - 120
G68 68 34,09 33.91 648 12,120 12,185 413,184 0.96 0.55 105 — 140
Illinois 36" 36 20.63  15.37 357 2,358 3,165 48,648 0.85 0.43 30 - 70
Ry 24,35  17.65 465 3,73 5,153 90,956 0.91 0.46 40 - 85
ugm 48 26.91  21.09 570 5,355 6,834 144,117 0.86 0.45 50 - 95
54 54 29.03 24,97 599 7,362 8,559 213,715 0.92 0.49 60 - 110

*Varies with concrete compressive strength at transfer and at 28 days 1 in = 25,4 mm; 1 ft = 0.305 m




TABLE 5 - CROSS~SECTIONAL PROPERTIES

(Cont.)
Girder h Ve Yy Area St Sb Inertia | Span Range®
2 3 y y a p
Agency Type |(in) (in) (in) (in%) (in”) (in") (in") (ft)

Iowa A30-AU46 | 32 17.95 14,05 312 1,899 2,426 | 34,082 0.84 0.43 30 - U6
A50-A55| 32 17.49 14,51 408 2,433 2,933 42,552 0.78 0. 41 50 - 55
B34-B59 | 39 21.94 17.06 383 2,826 3,634 62,000 0.84 0.43 34 - 59
B63-B67 | 39 21.37 17.63 500 3,620 4,388 77,364 0.78 0.41 63 - 67
C30-C67 | 45 25.48 19.52 530 3,637 4,747 92,659 0.85 0.43 30 - 67
CT71-C80 | 45 24,77 20.23 565 4,697 5,752 116,354 0.78 0. 41 71 - 80
D35-D35 | 54 29.63 24,37 639 7,255 8,821 214,974 0.88 0.47 35 - 95

\e]
2 Louisiana AASHTO-PCI Types II, III, and IV

Oregon AASHTO-PCI Types II, III, and IV
Type V 63 34.06 28.94 861 11,595 13,648 394,941 0.87 0.47 90 - 120
BT65" 65 30.23 34,77 771 13,864 12,052 @ 419,064 0.83 - 0.52 100 - 140
BTT72" T2 35.32 36.68 | 739 14,835 14,285 523,962 0.93 0.55 100 - 145
I8uyn 84 42,00 42,00 927 18,734 18,734 786,834 0.83 = 0.48 Up to 190

Pennsylvania . 20/30 30 16.88 13.12 363 1,942 2,499 32,786 0.79 0.1 4o - 55
20/33 33 18.65 14,35 17 2,400 3,119 uy, 757 0.78 | 0.40 4y ~ 60
20/ 36 36 20.38 15.62 471 2,899 3,782 59,077 0.77 0.39 47 - 66
20/39 39 21.59 17 .41 513 3,593 4,456 77,576 0.77 0.40 50 - 70
24/33 33 18.13 14,87 549 3,155 3,847 57,200 | 0.73 0.39 46 ~ 63

#Varies with concrete compressive strength at transfer and at 28 days 1 in 25.4mm; 1 ft = 0.305 m
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TABLE 5 - CROSS-SECTIONAL PROPERTIES

(Cont.)
Girder h Vi b Are; St3 Sb” Inerﬁia . Span Range#
Agency Type |(in) (in) (in) (in™) (in”) (in") (in") (ft)
Pennsylvania | 24/36 36 19.83 16.17 615 3,795 b, 654 75,256 | 0.73 | 0.38 50 - 68
24742 42 23.96 18.04 588 4,506 5,985 107,967 | 0.84 | 0,42 57 - 87
24745 45 24,82 20,18 642 5,643 6,941 140,065 | 0.83 | 0,44 60 - 83
214/48 48 26.61 21.39 708 6,490 8,074 | 172,712 | 0.82 | 0.43 66 - 88
24 /51 51 27 .62 23.38 762 7,690 9,085 | 212,399 | 0.81 0.43 69 - 92
24 /54 54 28.69 25.31 816 8,895 10,083 | 255,194 | 0.79 | 0.43 72 - 109
26/33 33 17.96 15.04 615 3,527 4,212 63,346 | 0.72 | 0.38 48 - 64
26/36 36 19.63 16.37 687 h,2m 5,085 83,247 | 0.71 0.38 52 - 70
26/60 60 31.48 28.52 968 12,436 13,727 | 391,487 | 0.82 | 0.45 78 - 105
26/63 63 32,03 30.97 ) 1,046 14,676 15,179 | 470,081 0.80 | 0.45 80 - 108
28/63 AASHTO-PCI Type V
Tennessee AASHTO-PCI Types I, II, III, and IV
Texas A 28 15.39 12.61 275 1,472 1,797 22,658 | 0.81 0.42 28 - 145
B 34 19.07 14.93 360 2,264 2,892 43,177 | 0.82 | 0,42 bo - 60
C 4o 22.91 17.09 495 3,606 4,833 82,602 | 0.84 | 0.43 5 - 85
48 48 25.13 | 22.87 | 403 4,057 | 4,458 | 101,950 | 0.80 | 0.44 -
54 54 28 .47 25.53 493 5,761 6,425 | 164,022 | 0.84 | 0.46 60 - 100
60 60 31.59 28. 11 628 8,082 8,987 | 255,319 | 0.83 | 0.45 -
*Varies with concrete compressive strength at transfer and at 28 days 1in = 25.4 mm; 1 ft = 0.305 m
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TABLE 5 ~ CROSS~SECTIONAL PROPERTIES

(Cont.,)
—— : |
Girder h y y Area S S Inertia Span Range¥
| t b - ta | by § o 0
Agency Type |(in) (in) (in) (in“) (in”) (in") (in") (ft)
Texas 66 66 34.93 31.07 741 10,727 12,059 374,688 0.85 0.47 -
72 72 38.27 33.73 863 13,903 15,774 532,060 0.88 0.48 100 - 150
Iv AASHTO-PCI Type IV
Virginia AASHTO-PCI Types III, IV, V, and VI
T3un 34 Varies with top flange width 30 - 60
! ‘ |
Washington Series ‘
40 i 32 16.84 ' 15,16 ° 253 1,841 2,045 . 31,000 | 0.87 0.48 4o - 55
Series i ‘ ‘ _
60 C 42 23.37 18.63 332 3,000 3,763 ‘ 70,100 | 0.93 0.48 55 - 80
Series | | ;
- 80 50 27 .47 22.53 U6 5,639 6,875 154,900 1.00 0.53 65 - 105
Series !
100 58 30.10 27.90 546 8,272 8,925 249,000 | 0.98 0.54 65 - 125
Series
120 73.5 37.90 35.60 626 12,032 12,809 456,000 0.96 0.54 85 - 145
Series
14 73.5 35.33 38.16 674 14,556 13,476 514,312 0.94 0.57 110 - 150
Wisconsin AASHTO-PCI Types II, III and IV
70" 70 35.38 34,62 774 14,430 14,751 510,613 0.94 0.54 105 - 135
%*Varies with concrete compressive strength at transfer and at 28 days 1in = 25.4 mm; 1 ft = 0.305 m
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TABLE 5 - CROSS-SECTIONAL PROPERTIES

(Cont.)
Cirder h y y Area S S Inertia : Span Range*
t b 5 t3 bu i o 0
Agency Type |(in) (in) (in) (in®) (in~) (in") (in") (ft)
Ontario AASHTO-PCI Types II, and III
(Canada) CPCI IV 54 29.36 24,64 685 8,274 9,859 242,936 | 0.92 0.49 80 - 120
. CPCI .
IV+Y 58 29.79 28.21 773 10,733 11,334 319,737 0.87 0.49 95 - 125
ONT 90 90 45,11 Ly, 89 1,136 25,619 25,743 1,155,669 0.87 0.50 up to 145
MOD.
ONT 90 90 4y, 16 45,84 1,005 23,981 | 23,103 1,059,014 0.88 0.52 140 - 170
|

¥Varies with concrete compressive strength at transfer and at 28 days 1in =25.4mm; 1 ft = 0.305 m



TABLE 5 - CROSS-SECTIONAL PROPERTIES

€E0T

(Cont.)

Cross Section _ h yt yb Area St Sb Inertia Span Range*
Identification  (yny | (in) (in) (0 | (inY)  (inh (inhy ° P (£t)
Anderson BT 48 48 24.50 23.50 500 6,695 | 6,975 163.972 1.01 0.57 70 - 100

BT 60 60 30.71 29.29 560 9,224 9, 669 283,229 1.00 0.56 80 ~ 125
BT 72 72 36.88 35.12 i 620 12,005 12,607 4y2, 764 0.98 0.55 90 - 140
Modified AASHTO
Type IV 54 29.63 24,37 681 7,894 9,594 233,854 0.90 0.48 70 - 115
Type V 63 o 30.98 32.02 887 15,477 14,973 479,458 0.93 0.55 90 - 140
Type VI T2 35.56 36.44 941 18, 871 18,417 671,088 0.94 0.55 110 - 150
Modified Colorado
G68/6 68 33.99 34.01 701 12,548 12,544 b26,575 0.91 0.53 105 - 140
Modified Washington
Series 80/6 50 27 .24 22.76 513 5,844 6,994 - 159,191 . 0.94 0.50 70 - 105
Series 100/6 58 30.01 27.99 . 591 8,549 9,166 | 256,560 | 0.93 0.52 80 - 125
Series 120/6 . 73.5 37.68 35.82 688 12,619 13,275 | 475,502 0.91 0.51 85 - 140
Series 14/6 73.5 35. 31 38.19 736 15, 122 13,985 534, 037 0.89 0.54 105 - 150
Modified Bulb-T
BT 48/6 48 23.53 24,47 557 7,553 7,264 177,736 0.94 0.55 70 -~ 105
BT 60/6 60 29.59 30. 41 629 10,432 10, 154 308,722 0.93 0.54 80 - 130
BT 72/6 72 35.64 36.36 701 13,606 13,340 484,993 0.92 0.53 100 - 144

®Varies with concrete compressive strength at transfer and at 28 days 1 in = 25,4 mm; 1 ft = 0.305 m
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TABLE 6 - PROPERTIES OF NEW CPCI METRIC SECTIONS

Girder | h Yy Yy | . Arga St ; gb I“jrtig . ) Spa?fzinge*
Agency Type | (mm) (m) (m) (mm<) (mm~ x 107) (mm 'x107)

CPCI Canadian 900 | 900 | 502 | 398 | 218,000 | 38.5 | 48.5 19,310 | 0.86 | 0.uH 40 - 60

Metric Sectlons | 4200 | 1200 | 673 | 527 | 320,000 | 80.0 | 102.2 | 53,868 |0.92 | 0.47 | 55 - 80
1400 | 1400 | 765 635 | 413,000 | 134.1 | 161.5 | 102,580 | 0.97  0.51 80 - 100
1900 1900 | 960 - 94O | 544,000  279.6  285.6 | 268,420 | 0.96  0.55 | 100 - 135
19004 * 1900 | 960 940 | 601,000  297.5  303.8 | 285,570  0.92  0.53 | 100 - 135
2300 2300 1165 1135 | 604,000  370.6  380.4 | 431,790  0.95  0.54 | 140 - 170
2300A 2300 1163 1137 | 673,000  397.h  406.5 | 462,220  0.91 ~ 0.52 | 140 - 170

— ; ‘ | ‘ |

¥Varies with concrete compressive strength at transfer and at 28 days 1mm = 0.0394 in; 1 ft = 0.305 m



APPENDIX D - COST DATA
The following unit costs were obtained from seven agencies

and one producer.

California

In the State of California, the majority of highway bridges
were cast-in-place, post-tensioned concrete box girders. This
type of bridge has been successfully built since the early 1950's.
Contractors were experienced with this type of construction and
the cost was competitive. These bridges were considered aesthe-
tically pleasing and were cheaper to manufacture than precast
girders. It was felt that as the cost of lumber increases the
cost of cast-in-place boxes would increase and possibly precast
bridge girders might become more competitive.

Precast, pretensioned girders were mostly used in coastal areas
and where traffic could not be interrupted during construction.
Cost data were compiled on a global unit cost basis. For 1978,
the cost of precast, prestressed concrete was $714.18 per com-
posite cubic yard. 1In October, 1979, this cost was estimated at
about $800 per composite cubic yard. This included the cost of

prestressing steel, reinforcing bars, Class A concrete, and labor.

Illinois
In the State of Illinois, unit costs for in-place girders,
reinforcing steel, and concrete for decks were as follows:

Cost
Ttem December June
B 1978 1979
Girder Type 36 in $46/ft $67/ft
Girder Type 42 in 55 69 ]
Girder Type 48 in 6l 94
Girder Type 54 in 78 74
Reinforcing Bars 43¢/1b 52¢/1b
Epoxy coated (top bars) 67¢/1b 87¢/1b
Class X concrete $250/cu yd. $250/cu yd.

1 in=25.4mm; 1 ft = 0.305 m; 1L yd = 0.914 m; 1 1b = 4.45 N

105



Differences in unit costs occurred between December 1978

and June 1979,

While the cost of 48 in (1.22 m)

girders

increased tremendously in 1979, cost of 54 in (1.37 m) girders

decreased.

These inconsistencies are due to factors discussed

in the body of the report under "Availability and Costs."

Oregon

In the State of Oregon, unit costs used to estimate the cost
of bridge construction during the fourth quarter of 1979 were as

follows:
. Girder Cost $/ft Overall Bridge Cost
Girder (excluding $/sq ft of Deck Area
transportation) !
Type II 65 4l
Type III 75 43
Type IV 95 44
Bulb-T 105 47
1 ft = 0.305 m
Texas
In the State of Texas, unit costs were based on bids re-

ceived

during the period of January to September 1979,

costs were as follows:

Item

Girder
Girder
Girder
Girder
Girder

In-Place Strands for Decks

Type A
Type B
Type C
Type 54
Type IV

Cast-In-Place Decks
In-Place Concrete for Decks
In-Place Steel for Decks

1l ft =

0.305 m;

1l yd =

106

0.914 m; 1 1b =

These

Cost

$59.80/ft
44.68
51.40
54.80
68.68

$7.30/sq ft

$214/cu yd
41¢/1b

4.45 N



In 1978,

74 state highway bridges were built in the State of

Texas at a cost of $16.86/sq ft for the superstructure.

Girder Type A,

was the smallest section.

crete,

was relatively very high because this girder has been used mainly

strands,

ror bridge widening.

As of June 1979, unit costs in the State of Virginia were as

Virginia
follows:
— e .
I
AASHTO
AASHTO
AASHTO
AASHTO
AASHTO
Class A4 Con
Reinfor
Epoxy C
1 ft = 0.305 m

The wide range of cost for the girders reflected cost varia-

and reinforcing steel.

tem

However,

identical to AASHTO-PCI standard girder Type I
It required the least amount of con-

Cost

Type II $31-47/ft
Type III 37-56
Type IV 56-76
Type V 69-77
Type VI 89-92
crete for Decks $240/cu yd
cing Steel 27¢/1b
cated Bars 52¢/1b
; 1 yd =0.914m; 11b = 4.45 N

tion due to factors discussed in the report.

Washington

As of August 1979, unit costs for comparative cost estimates

of alternate designs were as follows:

Girders
Girders
Girders
Girders
Girders

Item

40 Series
60
80

100

120

Series
Series
Series

Series

Cost

$50/ft
51
57
64
70

the unit cost

Concrete Class AX for Decks
1 ft = 0.305 m "

$200-250
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Wisconsin
As of August 1979, costs in the State of Wisconsin were as

follows:
Item Cost
Girder Type II $49/1ft
Girder Type III 62
Girder Type IV 79
Girder Type 70 inch 84
Finished Superstructure $11.68-14.04/sqg ft

1l ft = 0.305 m

Stanley Structures
In October of 1979, pretensioned girders produced by Stanley

Structures, located in Denver, Colorado, were delivered at sites
within metropolitan Denver at the following cost:
Girder G54 $65/ft ($213/m)
Girder G68 $70/ft ($230/m)
These costs varied slightly with number of strands in each
girder. They did not include cost of bearings or contractors’

profit.
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APPENDIX E - COMPUTER PROGRAM "BRIDGE"

To perform the parametric studies discussed in this report,
a computer program was developed. This appendix contains
Program Documentation, Source Listing, and Sample Problems.

Program Documentation
Program Name: BRIDGE
Language: Fortran IV

[ =]

Purpose and Capabilities

The main purpose of Program BRIDGE is to compute a cost index
per unit surface area of simply supported bridges built with pre-
cast prestressed I or T-girders and cast-in-place concrete deck.

Program BRIDGE generates additional information including:

1.. Deck thickness and main deck reinforcement

2. Non-composite and composite sectional properties
3. Dead and live load moments and impact factor

4, Required number of strands

5. Stress levels in concrete and strands at prestress

transfer and service load conditions

6. Midspan deflection

7. Total concrete and reinforcement quantities

All computations are made for an interior girder. Design
procedures are based on 1977 AASHTO Specifications(s) and 1978
to 1980 Interim Specifications(lz), and fgr HS20 loading.
Details of data input and output, design assumptions, capabil-
ities, and limitations of Program BRIDGE are discussed below in

the solution steps.

Solution Steps
Program BRIDGE is divided into eight solution steps as

follows:
1. Input of geometric and material properties, and
relative unit costs of materials.
2. Allowable material properties are computed.
3. Deck thickness and reinforcement are determined.
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4. Non~-composite and composite sectional properties are
calculated.
5. Design loads and moments are computed.
6. Number of strands required to satisfy service and
strength conditions are determined.
7. Midspan deflections are compﬁted.
8. : Total material guantities and cost index per unit
surface area of bridge are calculated.
Data input and values computed within each step are printed
with adequate explanation as output. Each step is now
described in detail.

Step 1 - Data Input Each case problem requires input of
data on a set of 12 punched cards. The last card is a control

card to determine whether a new problem follows. Therefore,
several problems can be solved consecutively.

For each sample problem, input of some data is optional.
Where no information is provided, the program assumes values
stored as default options. Minimum information needed is
girder dimensions, span length, and girder spacing.

A detailed description of data input and default options is
presented in the following paragraphs. After discussing each
of the eight solution steps, a summary of data input for each
case problem is presented under the heading "User's Input
Instructions.” ‘

Twelve punched cards contain the data input of each case
problem. Each card has 80 columns. Two formats are used.

The A format code is convenient for input of character
strings. These may consist of combinations of letters, digits
or symbols. The A format is useful for titles identifying case
problems.

The F format code is used to input real values. 1In Program
BRIDGE all values or quantities are input using F12.0 format.
Therefore, twelve columns are allocated for each value. Each
value should have a decimal point and may have up to 11 digits.
If no value is punched within the allocated columns, a value of
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zero is assumed. As will be seen later, if a variable is given
a value of zero, then a default option value is assumed.

Format code for data on each of the 12 cards is summarized
in the "User's Input Instructions" section. Data input on each
card follows:

Cards 1, 2 and 3 are for identification of case problem.

These are job description or title cards.

Card 4 is to input the span length, SL, in feet and girder
spacing, GS, in feet,

SL is the span length, center to center of supports for
simply supported girders. Program BRIDGE was designed to handle
spans of 70 to 180 ft (2.14 to 54.9 m).

GS is the center to center spacing of girders. Maximum
girder spacing is a function of the effective deck span. This
is discussed in Step 3. Maximum girder spacing accepted by
Program BRIDGE is approximately 11 ft (3.35 m).

Cards 5 and 6 are to input dimensions defining the girder

cross section, in inches. These are identified in Figure 31.
Card 5 reads horizontal dimensions Bl, B2, B3, and B4. cCard 6
reads vertical dimensions D1, D2, D3, D4, D5 and Dé. For sec-
tions with profile as shown in Figure 31.b, dimensions B4 and
D4 are equal to zero.

Card 7 reads parameters CTC, CSC and SWW. CTC is the
center-to-center spacing of strands in inches at midspan. It
is assumed to be the same in both vertical and horizontal direc-
tions and depends on the strand size. 1In Program BRIDGE, size
of all strands is assumed to be 1/2 in (12.7 mm). If the
minimum clear spacing between strands is three times the
diameter of the steel(a), then CTC is equal to 2 in (50.8 mm)
This was discussed earlier under Fabrication Details. 1If
strands are bundled, then CTC equals 0.5 in (12.7 mm). Default
option for CTC is 2 in (50.8 mm), i.e., if CTC is input as zero,
then the program assumes CTC equal to 2 in (50.8 mm).

CSC is the concrete surface to center of strand distance in
inches. This dimension reflects the amount of concrete cover
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Figure 31 Dimensions Defining Girder Cross Section
for Computer Input
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in the bottom flange at midspan. In most states, this dimen-
sion is 2 in (50.8 mm). However, some states use 1.75 in
(44.5 mm). The default option for CSC is 2 in (50.8 mm).

SWW is the number of strands in one row, within the web
width at midspan. This parameter is needed in Step 6, where
number of required strands is determined. If all strands are
located within the bottom flange at midspan, SWW is ignored.

But if strands are needed in the web, the maximum number of
strands within a row depends on the value of CTC and CSC defined
above, For example, if web width is B in (203 mm), and both
concrete cover, CSC, and spacing of strands, CTC, are eqgual to

2 in (50.8 mm), then it is possible to place three strands
within the web width. But common practice in several states is
to place only 2 strands, side by side, within the web,
Therefore, the default option of SWW = 2 is introduced in the
program.

Card 8 provides the value of ¥FCP, FCPI, WC, WCD, WG, and WD.
FCP is the girder concrete compressive strength at 28 days in
psi units. This value could be as high at 8,000 psi (55.2 MPa).
Default option for FCP is 6000 psi (41.4 MPa).

FCPI is the concrete compressive strength at transfer of
prestress in psi units. Default option is 4500 psi (31 MPa).

WC and WCD are the unit weights of the girder and deck
concretes, respectively, in pcf. Default options set these
concrete unit weights at 145 pcf (2,323 kg/m3).

WG and WD are the unit weights of the girder and deck in pcf
units. It accounts for weight of concrete, reinforcing steel,
and strands. Default option values are 150 pcf (2,403 kg/m3).

Card 9 is to input the strand's yield stress, FPY, in psi,
the strand's modulus of elasticity, EPS, in psi, and total pre-
stress losses, XLS, in psi. Default options are 23,000 psi
(159 MPa), 28,000,000 psi (193,000 MPa), and 45,000 psi
(310 MPa), respectively,.

Card 10 inputs a stiffness reduction factor, SRF, that is
used to compute the girder deflections. It accounts for the

concrete creep and prestress losses. The value of SRF = 0.55
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suggested in State of Illinois Prestressed Concrete Design

(27) is adopted in this computer program as a default

Manual
option. Further explanation about the stiffness redution factor
is discussed below in Step 7.
Card 11 provides the relative unit cost indexes of materials
as discussed earlier:
RUCG for girder concrete (Default Option 1 unit/1lb)
RUCD for deck concrete (Default Option 1 unit/1b)
RUS for strand (Default Option 8 units/1b)
RUR for deck bottom reinforcing steel (Default Option 9
units/1lb)
RUE for deck top epoxy coated reinforcing steel (Default
Option 12 units/1b). If top flexural reinforcement
of deck is not epoxy coated, RUE should be equal to RUR.
Card 12 is a control card. If a new set of data is to be
input, CONTINUE is punched, starting in Column 1. 1In the last
data set, Card 12 reads END starting in Column 1.
In addition to the data input, other data are assigned
internally and therefore assumed constant for all case problems.
Concrete compressive strength of deck at 28 days-is assumed
4000 psi. Strands are assumed to be Grade 270. Stress-strain
characteristics of strand shown in Figure 32 are used to compute
the nominal flexural strength of the composite section in Step 6.
Step 2 - Allowable Stresses Allowable concrete stresses at

transfer and at service condition are computed according to
AASHTO Specifications.(a) Strand effective stress after
1osses,wis computed. A check is made to verify that this value
falls within the range specified.(s) If it is outside this
range, a message is printed to this effect as discussed below
under "Error Messages." 1In this case all other computations are
by-passed, and a new case problem is processed. If the strand
effective stress is within the acceptable range, the program
proceeds with the next step.

Step 3 - Deck Thickness and Reinforcement Determination of

the cast-in-place slab (or deck) thickness and reinforcement

have been adopted from design aids prepared by Washington State
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(28) It is based on the following

Department of Transportation.
assumptions:

1. Concrete compressive strength at 28 days is 4000 psi

(27.6 MPa).

2. Reinforcing steel is Grade 60 (414 MPa).

3. Interior spans are considered with equal top and

bottom flexural reinforcement.

4. Reinforcing steel is perpendicular to traffic

direction.

An effective slab span is computed based on center-to-center
spacing of girders, width of top flange and deck thickness. The
effective slab span is illustrated in Figure 33. 1Information
given in Table 7 was stored in Program BRIDGE. It served as a
basis for deck design. 1If the effective slab span exceeds 10
ft (3.05 m), a message is printed to that effect.

Step 4 - Sectional Properties Properties_determined for

girder (non-composite) and girder slab (composite) sections are:

1. Location of center of gravity f

2, Cross sectional area

3. Modulus of section for top and bottom fibers

4, Moment of inertia ‘

In the composite section, the effective top flange width is
the smallest of:

1. Girder span divided by four

2. Girder spacing

3. Twelve times deck thickness plus web width, B3, shown

in Figure 31.

In calculations of the composite section properties, a
transformed deck—~girder section is considered. However, trans-
formed area of strands is neglected.

Step 5 - Design Loads and Moments Dead loads are based on

cross sectional area of girder and deck calculated in the
previous step and concrete unit weight specified in Step 1.
Live load considered in Program BRIDGE is HS 20-44 loading.
Impact factor is based on 50/(Span length in feet + 123) , and

does not exceed 30 percent.
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TABLE 7 - DECK DESIGN

Effective Slab Span

(ft)
1l to 3 inclusive
3 to 4 inclusive
4 to 5 inclusive
5 to 6 inclusive
6 to 7 inclusive
7 to 8 inclusive
8 to 9 inclusive
9 to 10 inclusive

Slab Thickness
(in)

7
7
7
7
=
7-1/2

8
8-1/2

* Reinforcement shown is for each of

1

in

= 25,4 mm
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Slab Reinforcement¥*

Bar Size

No. 5
No.
No.
No.
No.
No.
No.
No.

S A & & 0 n;m

Spacing (in)

10.0
8.5
7.5
6.5
8.0
8.0
8.0
8.0

top and bottom layers.




Midspan dead and live load moments are computed for simple
spans. Live load moments have been adopted from Appendix A of
the AASHTO Specifications.(a)
For intermediate spans, moments are computed through linear

They are summarized in Table 8.

interpolation. These moments are per lane width of 10 ft

(3.05 m). They are proportioned to determine live load moment
per girder spacing. The strength required is based on 1.3 Dead
Load + k) (Live Load + Impact) .

3
Step 6 - Required Number of Strands Required number of

strands is determined through incremental analysis. For each
analysis step, the total number of strands is increased by one.
Top and bottom concrete stresses are checked at midspan for
transfer and service conditions. Flexural strength is also
computed. Required number of strands is obtained when concrete

(8) are satisfied at

stresses and flexural strength conditions
midspan.

Location of strands is chosen to achieve maximum prestress
eccentricity. These locations are governed by allowable con-
crete cover and strand spacing. These values are specified in
Step 1. They include the concrete surface to center of strand
distance CSC, and the center to center spacing of strands CTC.

Strands are placed in rows as shown in Figure 34, The
first row is located at a distance CSC from the bottom of the
girder. Subsequent rows are spaced CTC apart, Within each
row, strands are spaced a distance CTC apart. Side concrete
cover is governed by distance CSC.

Strands are positioned in the bottom row first, and by
moving to higher rows as required. This is to achieve maximum
eccentricity. If the total number of strands required is large,
strands may be placed within the web. Common practice is to
place two strands side-by-side in each row within the web width.
This is discussed under data input for Card 7, in Step 1. If a
different number of strands in one row within the web width is
desirable, it should be specified in the data input of Card 7.

During the incremental analysis to determine the number of
strands, initial and effective prestress levels are computed.
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TABLE 8 - HS20-44 MOMENTS ‘&)

Span Bending Moment
(ft) (ft. kip)
70 985.6
80 1,164.9
90 1,344.4
100 1,524.0
110 1,703.6
120 1,883.3
130 2,063.1
140 2,242.8
150 2,475.1
160 2,768.0
170 3,077.1
180 3,402,1

1 ft = 0.305 m
1 ft.kip = 1.36 kN.m
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For each prestress level, top and bottom concrete stresses are
checked against the allowable stresses computed in Step 2. When
the required number of strands satisfying allowable concrete
stresses is reached, the nominal flexural strength, Mn' is calcu-

culated through an iteration process.(zg)

The required flexural
strength, Mu is checked against the nominal flexural strength, Mn'
times the strength reduction of 0.9. Minimum steel requirement
of Section 1.6.10.B of the AASHTO Specifications(s) is also
checked. 1If these requirements are not satisfied, the number of
strands is increased by one strand.

Program BRIDGE contains two criteria governing the number of
strands that can be placed in a section:

1. No strands can be placed above the top core or kern(l) of

the section.

2. An arbitrary upper limit of 100 strands has been set in

the program. This limit exceeds by about 30 percent
the maximum number of strands needed in any of -the
sections analyzed in this report. This criterion may
control where strands are bundled. This condition is
obtained by specifying a center-to-center spacing of
strands, CTC, equal to the strand diameter of 0.5 in
(12.7 mm) in Step 1.

If any of the above limits on number of strands is reached
without satisfying concrete stress and flexural strength
requirements a message is printed to this effect. If the rein-
forcement index exceeds 0.3(8), a warning message is printed.
When stress and strength requirements are satisfied, the program
proceeds with the next step.

Step 7 - Midspan Deflections The effect of prestress in a
pretensioned member is to produce an upward deflection, or camber,
The weight ©f the girder counteracts this camber. The net effect
is usually a camber, but it could be a downward deflection or sag.
Due to prestress, the concrete creeps. As a result the camber or
sag increases until the girder is transported to the final posi-
tion and the cast-in-place concrete deck is placed. The net

effect of the cast-in-place deck is a downward deflection.
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Due to creep, the level of prestress decreases. The net
effect of creep and loss of prestress on the girder deflection
at erection time is an increase in the camber or sag. A magni-
fication of the elastic deflection by 1.82 is suggested in the
State of Illinois, Department of Transportation Design manual.(27)
This increase in camber or sag can be accounted for by decreas-
ing the stiffness of the girder. This stiffness reduction fac-
tor, SRF, is equal to 1/1.82, i.e. 0.55. This is the default
option for data input of SRF.

Camber due to prestress depends on the magnitude and eccen-
tricity of the prestressing force, number and location of draped
strands, or number and length of blanketed strands. In Program
BRIDGE, camber due to prestress is computed assuming that all
strands are straight and bonded over their entire length. The
effect of draping or blanketing strands is to decrease the

magnitude of the camber.(Bo)

Step B - Cost Index Per Unit Surface Area of Bridge Cosu

index per unit surface area of bridge computed in Program BRICGE
provides a means of comparing the cost effectiveness of girder
cross sections. Total weight of materials is computed for a
width of deck equal to the girder spacing. These weights are
reduced to weights of materials per unit surface area of bridge.
The cost index per unit surface area of bridge is based on the

relative unit costs input in Card 11 of Step 1.

Warning Messages

The following is a list of all warning messages and their
explanations:
1. EFFECTIVE PRESTRESS IS OUT OF RANGE
This message appears if the effective prestress after
losses is less than 50 percent of the strand strength
or greater than 80 percent of the yield strength of

the strands.(a)
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2. EFFECTIVE DECK SPAN EXCEEDS 10 FT.

Effective deck slab span computed in Step 3 is limited
to 10 £t (3.05 m). Values up to 10 ft (3.05 m) are
handled by the program.

3. GIRDER SPAN IS OUT OF RANGE
The program computes midspan moments due to HS20-44
loading for spans between 70 and 180 ft (21.3 and
54.9 m).

4, CANNOT SATISFY STRESS AND STRENGTH REQUIREMENTS
Concrete stress and flexural strength requirements are
violated at midspan.

5. REINFORCEMENT INDEX EXCEEDS 0.3
Reinforcement index should not exceed 0.3 to prevent

brittle failures.(s)

If any of the above messages is encountered, processing of
the problem is terminated, and control is transferred to the

subsequent case problem.
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User's Input Instructions

This section summarizes data input for each case problenm.

Detailed explanations of variables and default options are

given in the preceding section entitled "Solution Steps."

each case problem, data input consists of 12 punched cards

containing
described

Cards

the information shown in Table 9. Each variable is
below:

1,2, and 3

Title

Card 4

to identify case problem

SL - Span length, ft

GS - Girder spacing, ft
Card 5
Bl, B2, B3, and B4 - Horizontal dimensions, defining girder

Card 6
D1, D2

profile as identified in Figure 31, in

, D3, D4, D5, D6 - Vertical dimensions defining girder pro-

profile as identified in Figure 31, in

Card 7

CTC - center to center spacing of strands, in (D.O0.* = 2)

CSC - concrete cover, distance from concrete surface to

center of strand, in (D.O. = 2)

SWW - number of strands in a row within web width (D.0. = 2)

Card 8

FCP - Girder concrete compressive strength at 28 days, psi
{D.O. = 6000)

FCPI - Girder concrete compressive strength at transfer, psi
(b.0. = 4500)

WC - Unit weight of girder concrete, pcf (D.0O. = 145)

WCD - Unit weight of deck concrete, pcf (D.O. = 145)

WG - Unit weight of girder, pcf (D.O. = 150)

WD - Unit weight of deck, pcf (D.0O. = 150)

*Default option, i.e., if zero value is assigned, the default

value is

assumed.

125



TABLE 9 -~ DATA INPUT

Nﬁ:lr)gr Parameters
1, 2, 3 TITLE
4 SL, GS
5 Bl1, B2, B3, B4
6 pl, o2, b3, D4, D5, D6
7 CTC, CSC, SWW
8 FCP, FCPI, WC, WCD, WG, WD
9 FPY, EPS, XLS
10 SRF
11 RUCG, RUCD, RUS, RUR, RUE
12 CONTINUE or END (Starting in Column 1)
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Card

FPY - Yield stress of strand, psi
EPS - Modulus of elasticity of strand, psi (D.0. = 28,000,000)
XLS - Total prestress losses, psi

9

10

Card

SRF

Card

RUCG

RUCD

RUS
RUR

RUE

Card 12

- Stiffness reduction

11

Relative
1b (D.O.
Relative
1b (D.O.
Relative
Relative
ment,

Relative

unit per 1b

(D.O. = 230,000)

(DIO. = 45’000)

factor due to creep (D.O. = 0.55)

unit cost index of girder concrete, unit per
= 1)

unit cost index of deck concrete, unit per

= 1)

unit cost index of strands, unit per 1lb (D.O.
index of bottom deck reinforce-
(D.O. = 9).

unit cost index of epoxy coated top deck

unit cost

reinforcement, unit per 1b (D.0O. 12)

This is a control card.

CONTINUE is entered starting

END

in column 1 if a new set of

data is input.

is entered starting

set of

in column 1 if it is the last
data.

127

8)



F a0

RNy

T T B P O T T T S

¢

TR O T &

IaEu it

IS AT IEN o

Yl

el Ey N aNul)

Na¥s

1

SO

Source Listing

FRIGRAM ZRITGE (INFUT JUTRUT . TAFE .NPPT TQPE e GITRUT
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DIMENSION TITLE(ZO) . BE(Z)ABARIZ) +X(ZY . A(7) Y (7Y X T DML T
1 SLLOLTZ) s NROSO)

DATA AEAR/GHND., AHNE.@/
DATe DM/ 25,4, 1144,%, 3.4, 1SZ8, 00 1TOZ, oy L3
1 ’47‘.11_70u-n*;J77-173402-1/

WATQ SLL/T0. 30,070, 100, » 10+ 12000 $3005 280, 125000 L&G. 170, 130,/

S ITONT ZQHCONT /

2046, 1y 2RI E,

(u

R F LR RETREEEERERER LR FEE TR ERE LA EFRFEATT TR RE RSB RELR TSRS

«#CTEP(1} INFUT DATA *w

SEOMETRIC PROFERTIES
SL=GIROER SFAN LENGTH(FT)
>IRODER SFACINGIFT)
21,52, B3, AND EB4=HORIZONTAL DIMENIIONT OF GIRDER CROI;
B, D&, 0%, D4, TS - AND DA=YERTICAL DIMENZIONG OF GIRIDER «
CTC=CENTER TO ZENTER DISTANCE TF STRANDOS(IN)
*(DEFALLT OPTION)
ONCRETE SURFACE T CENTER OF STRANDSC(IN)
=2 (DEFAULT COPTION)
ZWW=MAXTMOM NUMBER OF STRANLDS WITHIN WEB WIDTH
=2 (OEFAILLT PTIONY
MATERL[AL PRCOPERTIES
CONCRETE
FLF=3FECIFIED GIRDER CDNCRETE STRENGTH{FZI)
FLP=&000 (DEFALT OFPTI
FCPI—PHNFFE" 2TRE NﬂTn AT EBRESSTEEDTE TRANIFERVPSI)
SOO(DEFALLT CFPTION)
NE=UN;T WEIGHT OF GIRDER CONCRETE(PLCFY
=14S(DEFAULT CGFTION)
WED=URIT WETGHT OF OECr IONCRETE(PLF
=145 (DEFALLT COFTION:
Wo=INTIT WEIGHT 125 GISDER(FPICFY
=1 SO(TEFRAULT COFTION)
wh=tINIT WEIGHT OF L[DECK(PCF)
=150!(DEFAULT DOPTICN)
STRAND

TESTIGNGING
bl

ELl YIZELD 2TREZ:E OF STRAND(FII)

X EFAULT COPTICN)

ERSaMIDULLT OF ELASTICITY OF STRAND(FSI)
=ZSOQQOOO(DEFAULT CGPTICN)

SES(PTI)

25 REDLICTION FACTOR LDUE T TREEF
AULT CPTION)

RELATIVE UNIT CO3TS
ROCO=RELATIVE UNIT COST OF QIRDER I
=1 {DEFAIJLT OFTION
RUCD=RELATIVE UNIT CO27T OF DECK CSONCRETE(UNIT/LE)
TIDEFAULT ORTION)
ELATIVE INIT 1
HOErF AT OFTION:
RUR=RELATIVE UNIT COST OF DECr REINFORCEMENT(LUNIT/LE}
=V {ETQLLT FTION)
RUE=REL&ATIVE UNIT 3
=L Z(OEFALILT OFRTIO

INCRETE(LINIT /L

OF STRANDOUNIT/LE)

LT OF SPOXY COATED DET:y REINFORCEMENT
] IF N EFQXY DDATED BAR T3 133Ed, THE VALLE
ECOUAL TO RIR IS T2 BE SIVEN FOR RUZ

FREAD cXAMPLE TDENTIFILCATION
10 WRITE( Iy 200
20 FORMAT(LHL)

0o S0 I=1.2

READCIR, Q) (TITLE(D) =1, 20)
IO FORMAT (Z0A4)

WRITE(IW.40) (TITLE ), d=1, 20}
40 FORMAT (1H ,SX, ## 2043, %
SO TOMTINLE
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READ GEOMETRIC PROFERTIES QOT 70
READ(IR, AQ) SL,IE QAT 2RO
&0 FORMAT(Z2F12.0) QOT =0
READ(IR.70) R1.BZ,.BZ+R4 OO0
T EURMAT(AF L, O
READCIR,20) 01, 02,002, 04,05, DE
=0 FORMAT(AFL1Z.0)
READNCIR, ?0) CTC, C3C, SWW
0 FORMAT(ZF1Z. 0
IF(CTCZ.EQ. Q.Y ETC=2,0
IF(CSC.ER.O. ) CSC=Z.0
IFCEWW.ER. Q. ) SWW=Z,0
WRITE(IW, 100)
100 EORMAT(LHG, 4%, “*%{1) INPLUT DATA #+7)
WRITE(IW, 110)
110 FORMAT(1HG, SX, " GECMETRIC PROPERTIEZ )
WRITE(IW, 120) S, 35
120 FORMAT (LM, 10X, "GIRDER TFAN LENGTH(FT) IL= W FLOL 2./
1 11X, "GIRDER ZPACING(FT)Y oE=-,F10.2 QOIS0
WRITEC(IW, 123G} B1,BZ,23.Ba
130 FORMAT (1HO, tOX. MORIZONTAL DIMENZIONT OF
1 12X, "Bi=",F10,%, X, BI=".FlQ.L
2 Flo.2)
WRITE(IW, 140) .02, 03,04, 05,06
140 FORMAT (1HQ,. 1OX, 'VERTICAL DIMENSIONS COF SIRDER CROD

. [ER RS N

1 12%, "D1=",F10,2,3%, ‘0=, F10, 2, 2%, "L3= F10.2,2%X, T4d4=", OG0

ped FlO, 22X, "DS=".F10,2, ZX. DA&="F1O.2) QL1030

WRITEC(IW, 190 COTC,C2C, SWW G104
LS0 FORMATLHD, LOX, TENTER T CENTER SPACING OF STRANDS(IND v

1Fé&, 2./ 11X, "CONCRETE ZURFACE 7o CENTER OF STRANDE{ING QL&D

ZF&. NS 11X, “NUMBER OF ZTRANDE WITHIN WEEB WIDTH Q14T

2F6.2)

READl MATERIAL PROPERTIES

CONCRETE
REAT(IR, 1&0) FOPL.FCRI,WC, WCD, WG, WD
1) FORMAT(&FLZ.O)

IF(FCP.EQ.V.) FCP=4&00G,
IF(FCPTLER. O, ) FOFI=4500,
IF{WC.ER, O, ) WC=145,
IF(WHCO.EQR. 0. ) WZTi=145,
IF(WS.EQ. O ) Wo=150,
IF(WD. 26, ¢, ) WDh=150,

FIXED OATA

FOL=SPECIFIED CONCRETE 3TRENGTH FOR DECK(PZI]
FCD=4000.

STRAND
READ{ IR, 170} FPY,E=Z, XLE
170 FORMAT(ZFLIZ. O
IF(FPY.EQ. 0. ) FPY=220000,
IF(EPS.EGL. 0. ) EP3Z=2E0000Q0,
IF (XL EQ.O.) XL3=45000,
FIXEE DATA
SFECIFIED ULTIMATE STRENGTH OF STRANLD(RSI)
FECIFIED 2TRAND ZTRETS LEVEL: WHITH . POEITIONED EETWEEN
FRIU AND FRY T FORM TRILINEAR STREZZ-ITRAIN CURVE(FZID
Zy=3TRAIN CORRESPONDING T FPRY
z TRAIN CURREZFPONDING TO FEM
L= TRAIN CORREIFONEINMG TO FRU
ASTO=NOMINAL AREA OF STRAND(IN2)
=1

LET=NOMIMAL WEIGHT OF STRAND(LEBS/FT)

GLaOd
DECK REINFORCEMENT 01410
URS=NCGMINAL WEISHT OF NO.S BAR(LBS/FT) i

LUREaNCOMINAL WEIGHT OF oG, & BAR(LBS/FT) G143
FRLEZ70000, 01440
FRPM=255000, Q1as0
SY=FPY/EPS Qldad
TH=Q .01 2 01470
=G, 04 01450
ASTO=0. 152 [S3%: L)

2 T=0.52 01 S0
L0az GL5t0

1,502 G1SIG

WRITEC( W, 1500} O1S20

130 FORMAT(LHO. SX, "MATSRIAL FPROFEERTIEZ ", 3X, 019480
1 S(=[NTERNALLY ATSIGNEDR VALLES) ) 01550
WRITECIW, 130) O1Ta0
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170 FORMAT(LHO, 77X "CONCRETE ) U:=7n
WRITE{IW, 20¢) FIF.FCPI.FCO f
00 FORMAT (LHO, LOX, CIFIED GIRDER CONCRETE STRENGTHIPID® <
CLFTLL. /11X, TCONCRETE 2TRENGTH AT PRES TFEZ_ TRANSFER(FZI) FCPRI
WF7.01. /7 11X, " SPECIFIED DECH CONCZRETE STRENDTHOREI FiLD
2 LF7.1, 7))
WRITELIW, Z10) WC, WIZH, W5 WD

Z10 FORMAT (L1HO, 10X, "UNIT WEIGHKT OF SIRDER CONCRETE(RLF) Wo =
Ly Feals s 11X, "UNIT WEIGHT OF LECH TCONCRETE(FCS) WCLD=
RS o A L1, "UNIT WEIGHT OF SIRRER(FCF) Vi =
FoFfdl,/ 11X, "UNIT WEIGHT 1OF DECEA(FLF) WL =
4,FfH.1) Ul-
WRITE(IW.,220) O] AT
FORMAT (1HG, 77X, “STRAND ) G1TO0
WRITE(IW, T FPM. oM, FPY, 2V O17LG

220 FORMAT (1HO, LOX 3
TRESES(P=1) 7, &%, "8TRAIN", /

ZTRAIN CLURVE OF ZTRAND .,/ 42X, 01720

" .
Z  11%, "SPECIFIED ULTIMATE STRENGTH FrRU=-,F%.1,
Z v ./ 11X, TINTERMEDIATE STRESS FEM="

4 F7.3, ‘» /11x, SFECIFIED YIELD STREZS

S €7.4)

WRITE(IW, Z40YERE, XLE

240 FORMATCLHG, 1OX, "MIDULLES OF ELASTICITY OF STRAND(=Z
1, J 11Xy “TOTRL PRESTRESS LOZEES (P21}

=]

READ STIFNEZT RETUCTION FACTOR
RE&AL( IR, Z50) SRF
TS0 FORMATIFLZ. )
IF(IRF,.EG.C.) SRF=0,5S
WRITE(IW. 2&60) SRF
ZLO FORMATULHO, SX, "GIRDER STIFFNES: REGUCTION FAlTOR”, 10X, EZRF=",Fs. 3

o0

READ RELATIVE WUNIT COST INDEX
READ{ IR, 270 RUCG.RUCD. RUS, RUR, RUE
270 FORMATC(SFLZ. )
IF(RUCGL.ED.O. ) RUCO=!,
IF(RUCD.EC. 0. ) RUCD=
IF(RUC.ED.H

) RUE=3Z.
.} RUR=Z,
) RUE=1Z.
wiiTE(Iha ) RUCS. RILCTH RIJE , BUR, RIJE
T30 FORMAT (LHG, SX. “RELATIVE L0 INDEX(UNIT/ZLEY L 7
11X " GIRDER CONCRETE
11X, "LECK CSONCRETE
L1Xy "STRAND
11X, “0ECKE REINFORCEMENT
11X, "EPOXY COATED DECE FEINFORCEMENT
R T ET T IS EE TR P P L PR R Y A S X S YL L LR L R L Rt L 2

BT

##ZTEP(2) MATERIAL FROPERTIES #»
* INFLUT
FROM ZTEP( 1)
FOF-FCOPL,FCD, WOy WD WG . WD
FFRI), FPY.EFPS, XLS
£ OUTEUT #
CIONCRETE
FLZT= ALLOWABLE COMEREZSIVE STRESE OF GIRIER TONCRETE AT
TEANSFER(FSI)
FITI= ALLOWARLE T'NSILE STRESS OF SIRDER CONCRETE 54T FREZ
TRANSFER{FSI
FoC =alLOWARLE HM“RE-ﬂIVE STREZE OF SIRDER CONCRETE AT SERVITE
LiZADIRsT
FOT =ALLIMWABRLE TENIILE STRE
(FE1)
FCR =MODULLE 0OF RUFTLURE OF SIRTER COMIRETE(PT
EC =MODULUE OF ELAITICITY OF GIRDEF CILNCRETE
ECT=MOIIILUE QF ELASTICITY OF GIRDEF COMCRETE
(P=1)
ECD=MODLI_INE OF ELASTICITY OF DESKH CONTRETES(REI)

I 0F SIRDER CONCRETTS a7 ZERVICE UOAL

m

T e TP O T T OV S O T R e e

i INE=MODULAR RATIC (DECH CONCRETE TO GIROER CONCRETD)
[ STRAND

[ FPI=4LL QWARLE TR GF STRAND AT ZERVICE LOAD(FEII

[ FLE=EFFELTIVE FRESTREST AT SERVIIZE LOADIFETI)

iz

T CALCULATION 2F CTIUNTRETE FROFERTIES

FCCi=l, 4#FLFI
FCTI=G.O
FLL =0, 3#FLF
SORT(FZE)
TTIFCFE
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cC e mnl  Sal T(FCF)}
SCI LORWCRe ], SEIORTI(FIPI)

g ORWCDex!l, SeTORT(FODD
XNE=ECLD/EC Q2800
[ Qa0
WRITE(IW. 2% GZATO
290 FORMAT ( 1MG, 84X, “##(2) CALCULATED MATERIAL PROPERTIZS ##°) OT430
WRITE(IW, Z00) 02440
Z00 FORMAT { 1HG, 53X, “CONCRETE ") OZa%0
WRITE(IW,210) [$x7-¥¥s)
10 FORMAT (1HO. 7X. "ALLOWABLE GIRDER CONCRETE STRERSEZ(FEIN ) 2470
WRITE(IW, Z20) FOCLI.FCTIVFOCL.WFCT (¥ P T
Z20 FORMATILIHO, ¥, "AT PRESTREZT TRANZFER,/ 12X, e L o]
1 " COMPRESIIVE STREESS FCCI=".F7.1 ./ 13X, wZE00
2 "TENZILE STRESS FCTI="sF7.1 1/ 10X,
=z AT SERVICE LOAD- e 13X,
4 - LIMPRESSIVE STREZ= FCC ="+F7.1 .7/ 13X,
S TENZILE TTRE3S FCT a7 .F7.1)

WRITE!(IW. 530 FCR
IO OFOARMAT CIHO . 7%, “MODULLE OF RUFTURE ©OF SIRDEF CONCRETE(RII)  SIR=-,
1F7.1
WRITE(IW, 330)
RO SORMAET (1RO 7X, “MADULIE OF ELASTICITY(FRSIY )
WRITE({IW, 2503 EC.ECI.ECD
E30 FORMAT(IR 10X, "GIRDER CONCRETE

1./ 11X. "GIRDER CONCRETE AT PRESTREZZS TRANZFER
2y /4 11X, “DECK CONCRETE
WRITE(IW, 34Q) XNE
340 FORMAT (EHO. 7X, MODULAR RATIC.DECK TQ GIRDE XNE=” , Fa. 2D

G CALCULATION 0OF STRAND PROPERTIES
FETaC, BOEFRY
F=

S=Q. 74FPU-XLS

WRITE(IW.370)
70 FORMAT (1HO, SX, “3TRAND )
WRITE{IW. 220) FPI,F3E
FORMAT CLIH . 10X, “ALLDIWARLE 3TREZZ AT
11X» “EFFECTIVE FREZTRE

SERVICE LOAD(PSI ¢
AT SERVICE LOALD(PEII.

iy

FP. 10
IF1 (0. SeFP)  GT.FSE G0 Ty 290
IF(F3E.5T.FP3) G0 TO 270

0 TH 310

390 WRITE(IW.40Q) FSE

400 FORMAT ( 1HO, 1OX. “#ee WARNING wee”,// 11X
1-EFFECTIVE PRESTREZFE IT QUT QF RANGE FTE=",FlL. 1)
30 T 1z2%0

410 CIONTINUGE

AR R R R A R4 R E R R E R AR R R R D R ER AR R AR E AR AN AR R ERE PR F AR T E A F R R FE B ETTRRS

EF(3) THICKNESS AND REINFORCEMENT OF DECK =+
NPLIT =

FREOM STEF (L)

GZ. Bl

* QOUTFUT =

SE=EFFECTIVE SFAN OF DECK(FT) »

TO=THICKNESS OF DECK{IND

EI=mBaRk SPACING(INY CF NO.S BRR OR NO. & BAR
BS(1raNG. S ., BS(2)=NO. &

T
+ I

OOON OO oOD 0 D0

ZELECTION OF THICKNEZS AND REINFORCEMENT FROM & LIST
SE=GI-B1/1L.0+10.0/712.0
BZ (1) =0,
BS{Z)=O,
[ TBAR=INDICATOR OF S1ZE OF BAR USED IN DECK
TO=7,
IBARw
IF(3E.GT.2.) 30 T 420
BS(1)=10.
420 IF(SE.GT.4.) GO TQO 430
Bl im3, 5
S0 TO S10
430 IF(SE.ST.S. ) G0 TO 450
B3 {(1)=7,5
a0 TO S10
440 1F(ZE.GT.&. 30 TO 450
BS(i)=4,5
GO T 510
490 B(Zv=g,
IBAR=2
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3

)y

Ee S T T T LT S s

Ty O

Oy

IF(SE.GT.7.) GO TO 440
S0 7O S10

deg IF(SE.GT.S.) 20 TO 470
TD=7.%
GOOTO 510

470 IF{3E.GT.%.) G T3 4320
Th=&.
i TO S10

420 TELGTL L0, S0 TO 490

GO TO Ti0

470 WRITE(LW, S0Q) SE

SO0 FORMAT (1HG, 10X, ~%e% WARNING ##£#7,// 11X,
1 "EFFECTIVE LECK SPAN EXCEEDE 1O FT., SE=,F1Z.2)
GO TO 12%0

S10 CONTINUE

WRITECIW, S20)

20 FORMAT(1HO. 4%, "% (2) THICKNESZS AND REINFIRTEMENT OF DEDH % )
WRITE{IW.320) ZE.TD

O FORMAT{1HO, 10X, "EFFECTIVE &FAN OF DECK(FT)
1 "THICKNES:S OF OECE (INY
WRITELIW, 240 ABARLLIEBAR) , BZ{ 1RAR)

S40 FORMAT(LIH 410X, "BAR SPACING(IN) COF “,Ad, © TA&R gEE L. FAL DD

S L TR ES R TSI EERAS RS DE G FE o BT E R TR eGSR S F TR ER D

=

o)

»#STEF(4) SECTIONAL PROPERTIES OF GIRDER *+
* INPLT #»
FROM STEP(L)
L, G5, Hl=B4, 1=
FRIOM STEF(Z)

XNE
FROM STEFP(3)
D

e CQUTELT =
Ac=aRThA OF NONCOMPOIZITE SECTION(INZ)
All=AREA OF TOMSOSITE ZECTION(INZD
FE=TFFECTIVE TOF FLANGS(DECK) WITTHUIN, -COMFGSITE SZCTION-
YT=DISTANCE FROM ZENTROLID TO TOF FIBER(IN: =NONDOMFOIITE =E
vS=0ISTANGCE FROM CENTROTD TO ZOTTOM FIMER(IND =NONCOMEQSITE
¥TO=YT FOR COMPOZITE ZECTIONCGIND
YEC=YER FOR CDOMPILITE SECTION{ING
=MIMENT OIF INERTIA OF GIRDER SECTION(ING) -NONCIOMPOZITE ZEITION-
=XIh FOR COMPOZITE SECTION(INS)
ECTION MODULUS FOR TOP FIBEROINS) =NCOMCOMPOZITE SECTION-
SCTION MODULLES FOR BOTTOM SIBERCINZY —NONCOMFOSITE SECTION-
COMPOSITE SECTIGNCING
COMECSITE SECTIONCING:

T I0N-
EC T IT0N=-

EFFECTIVE TOF FLANGE WIDTH
X(l)=sL#l1z,/4,
X(Z)y=0z#1Z,

"IV =TDeLZ.+B2

BE=10000.

oo 550 i=1,3

IF(BE,.GT.X(I)} BE=X(I)
STCQ CONT INUE

L]
NOMCOMFOSITE SECTION
AlT7I=RREA OF EACH ELEMENT OF SECTION
A{1)=BLl=*02 .
ALZ)r=(2. *B4+-RZ) #O2
A(Z)= (P12, sna-E2)a03/2,
A(4)=2, #»B3=D4/2,
ALS) =R3* {0t ~0Z-02-D6)
Ale)=(BZ-BIZ)+05/2.
A(7)=BZ#D4
¥{7)=0ISTANCE FROM BOTTOM FIBER T3 CENTROID OF ERACH ELEMENT
Y{1)=D1=D2/Z.
Yezr=Li-02z-0z/2.
Yiy=01=0Z=-DZ/Z,

Y {5 =053, »Ds

y!'7y=he /2.
A M7 Y=MIMENT OF INERTIAR OF EACH ELEMENT
XJiy =1 a0/ 12,

Rl Z)={2., 2B4+RI ) xD2enrZ/ LT,

XJOI) =(B1 =2, #vB4~BEr # D%/ 54,

XJ(Ar=Z, #HA#O4# %2/ 20
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XJ(T)=B2# (01 -D2-03-Dé&)#n3/ 12, G
XeH)=(B2-B3) # DS e

ol

XI(T)=BowDawwz/ 12, ¢
Al=02, {
oo 560 =y,7 GA0LC
SO AR=AGHA(] ) 0400
TJI=0, A0S0
Do 570 [=1,7 D404
570 T.=Tj+X. {1} QAOSG
YEE=O, (RT-Ta TN )
Do Sg0 I=l.7 Q4070
T30 YEBE=YERB+A(L)#Y(I) ARG
YE=YEE/AG QB0
¥T=0D1=YR 041G
XIGGa0, 04110
Do 570 I=1.7 04120
20 XIGEH=XIGG+Al(I (Y (T}-YE)#22 G4130
XIG=TJ +X IGG Q414Q
ST=XI1G/YT QA LS50
SE=XIG/YHR GALa0
Z 024170
[ LOMPOSITE SECTION
A(1)=XNE#EBE#TD Q&120
A(Z)=RG dZ00
Y(1)=D1+TD/2. Qazie
Y{Z)=YE N4azTn
X (1) mXNE#DE#TDN®Z/12, [aX-Procin
X d{2Z)=XIG (AP T
ACmA(1)+A(2) Q4Z50
YEC=(A(1IwY {1 I+A(2) %Y (2)) /AC QAZEG
¥YTC=01-YBC Q4270
XIGTAXJS(Lr+XJI(2I+ACL)I (Y (L) =YRC) #nZ+A(Z) % (Y (Z)=YBL ) *nl W St
STC=XIGC/YTC D423
ZRC=XIGC/YBC 3
[
WRITE(TW, 400)
&00 FORMAT(LHO.4X, “##(4) SECTIONAL PROFERTIES OF GIRDER ## )
WRITE(IW,&10) BE,AG,AC
&10 FORMAT (1HQ, 10X, "EFFECTIVE TOF FLANGE(DECK ) WIDTH(INY EE=-
1 11X, “AREA OF NONCOMPQOSITE 2SECTION(INZ) A= i
= 11X, CAREA OF COMPOZITE SECTIONCIND al= ]
WRITECIW: 2200 YT ¥S.YTC,. YR )
A20 FORMAT(LIRHO, 10X, "DISTANCE FROM TENTROID TO TOF FIBER(IN? 0400
1F7 .2, 2%, ~=NONZOMPOETTE SECTTON--, [RY: V- 15Ty
s /11Xy CDISTANCE FROM CENTROID TO ROTTOM FIBER(INY  YR=", oagye
IF7 .2y 22X, T-NONCOMPQSITE SECTION-", GG 2o
a4 7oLLL, ‘YT FOR COMPOSITE SECTIONCIND vTiL=, Q44320
SF7.2+/ 11X, "YB FOR COMPOIITE SECTION(IND YRC=", 04440
&F7.2) [SL-T3-14]
WRITE(IW,&30) XIG.XIGC DL
&20 FORMAT{ (RO, 10X, “MGMENT OF INERTIA OF NONCOMPOIITE SECTIONCING) 04470
1XIC=" LFL2. L,/ 11X, "MOMENT OF INERTIA OF COMPIIITE SSCTIONCING: 08320
= XIGU=",F12.1) 04490
WRITE(IW, &4CG3 2T,5E,STC.SBC NATO0
A40 FDORMAT (140, 10X, “SECTION MODULUE FOR TOF FIRER(INZ) ET=",F1. 1, DATL0
1 22X, “=MONCEOMFQEITE SECTION=, / N
2 11Xy “SECTION MODULLIE FOR BOTTOM FIBER(INZ) SB=-,Fil.i. 9]
% 2ZX, T-NONCOMPOSITE SECTION-",/ WAL
& 11Xy " ST FOR COMPOSITE ZECTICONCINZ) STC=" sF10. i G4S50
5 /s 11X, 3B FQR COMPORITE SECTIONCING) E3-DE NS S O O350
[ Y R T Y R T R T R P R A Q4STO
[ DATEO
T ##3TEP(S) DESION LQADZ AND MNOMENTS #+ ORTEG
#* INFPUT = RN ATN]
FROM STEP(1} Ge&LO
L, G5, WG, WD Q34620
FROM ZTEFP(Z) 04LI0C
TD 24540
FROM STEP(4) # WEES0
[21x] AAED

QOO OO0 000

* QUTPUT #
XMO=MOMENT DUE 70O DECK PLUET GIRDER WEIOGHT(FT-KIP)
XMOG=MOMENT DUE T3 GIRDER WEICHT(FT-KIF)

XMU=MOMENT DUE TQ CIVE LOALKFT-KIF) 0OaTIC
XMimF AL TORED MIMENT(FT-RIP} CA710
XiF=IMFACT LJAD COEFFICIENT QeT20
WOsUNIFOREMLY DISTRIBUTED LOAD DUE TO GIRDER WEIGHT(KIF/FT) 4T 0
WUD=UNIFCORMLY DIZTRIBUITELD LGAD DUE TO DECK WEIGHT{EIF/FT) Q4740

Q47T0
DM L2 ) mHE 20-44 mOMENTZ FOR LOFT,WINDE LANE (FT-ka QGT &0
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on

c

SLLC12)=RPANS CORRESPOMDING TO HS 20—44 MOMENTS (FTY

CALCULATION JF DESIGN LOADS AND MOMENTS
XIP=80, / (SiL+125.)
1E(XIP.6T.0.32) XIf=0.3
WUB=WE»#AGS (12, ¥»2) /1000,
WUD=WD*GSRTD/12. /1000,
XMDO=HUGYSLw2/3.
XMD=XHDGHWIRES 292/8,
IF(SL.GT.SLL¢1)) GO TO &30
IF(SL.ALT.SLL{1)) GO TO &0
XXM=DML )
GO TO &SSO
650 CONTINUE
00 460 I=2,12
IF(SL.GT,SLL(IY) GO TO &60
Xi= {SL-SLECT-11) Z(SLLCT) =SLLIT~2) ) # (DM{E )= DMC T+1) ) +DM(L~£)
Bz TO &80
660 CONTINUE
WRITE(IW,6T0) SL
570 FORMAT(L1MO, 40K, ‘nxn WARNING Ase” /7 L1X.
1 *GIRDER SPAN 1S OUT OF RANBE SL=/yFi12.2)
G0 To 1290
£80 CONTINUE
XHL=GS /10, #XXH
NMU=1. 3n (XMD+1. 672 XHLA 1. +XIPY)

WRITE (IM | 490)

690 FORMATC(AHO, 4X, -»#(5) DESIGN LOGDS AND MONENTS 4u’)
WRITE(CIH, 700) XIP.WUG, HUD

700 FGRMATCIRO, 10%, 7IMPACT LDAD FARTGRY, 30X, ‘X1P=*,F6,3,/7 11X,
4 UNIFORM LOAD DUE TO GIRDER WEIGHT(KIP/FTI®, M. WUB=7,F7.3 rv11X,
Z/UNIFORM LOAD DUE TO DECK WEISHT(KIPAFT) <, 7X, = <F7.2)
WRITE(IN,710) XMDG, XHDy XML, XMV

710 FORMATC1HO, 10X, “MOMENT QUE TO QIRDER WEIGHT(FT-KIP} XM
1Gw7 FB. 2.7 11X, “MOMENT DUE TO UECK PLUS GIRDER WEIGHT(FT-KIP} XM
2D0=7\F3.2, 7/ 41X, ‘MOMENT QUE T LIVE LOAD(FT-KIP} XM
BL=,F8.2, 7 11X, FACTORED MOMENTC(FT-KIP) XM
‘U='IF852,

c#i-il-*!'**!-'I'i-'H--I-**#*#**i*ﬂf##****##i#*f*#ﬁ'i‘ﬁ"ﬁﬁ'l‘i“!*i*#*##*'ﬁ*'ﬁ-i‘l—'ﬁ-###*'ﬁ-#'ﬁ-**#ﬁ

NobpeDoNEANANNGOONNOoN0N0

+aSTEP(6) REGUIRED MUMBER OF STRANDS »a

*»SUBSTEP (6~A) ALLOWABLE STRESSES CHECK w»a
* INPUT »
FROM STEP(1)
RPU, B2, B3, DS, Dp, ASTD, CTCCSC, SWH
FROM STEP(2)
Fcer, FOTY, FCQ, FCT. FSE
FROM STEP(A4)
AGIST\Say STC|SEV Y‘a
FROM STEP(S)
XMO, XMDG. XM, X IP
% OQUTPUT »
HS=NO. OF GTRANDS REGUIRED
ET=OISTANCE FROM CENTROID OF STRANNDS TO CENTROID OF GIRDER SECTION
~NONCOMPASITE~CIN)
AS=TOTAL AREA DF STRANDS REQUIRED( In2)
FIsTOTAL INITIAL PRESTRESSING FORCE(KIP)
FS=TOQTAL PRESTRESSING FORCE AT SERVICE LOAD(KIP
CE=01STANCE FROM CENTROID OF STRANDS TD BOTTOM FIBEALIN)
NR(T) =MAK.NU.DOF STRANDS PLACED IN I-TH ROW (HAX.T=50)
THE FIRST ROM IS \OCATED NEXT TO THE BOTTOM SURFALE

STRAND ARRANGEMENT
XA=(SUW-1. >aCTC/Z,
XB=R2/2. ~-CSL
DO 720 Im1, %0
120 NR(I)=0
fis-05/¢(B2/2, -83/2. ) .
Bx-A1/2. sB2+NE-CSCHSART((B2/2. ~BI/ 2. ) ¥w2+DSu#2) 7 (B2/2. -BB/2. )
I=NO. OF ROWS
a0
YBN = SB/AGHYR
32 JI=TI«+4,
¥I=x
VA=ETCn (¥I~%. } +CSC
IF(¥i.@T.YBM) 80 TO 740
IF(¢T.GE.50) GO To 760
N0 OF OOLUMNS

134

04170
04780
o490
04500
o481 0
04220

O4B40
Q4850
o4@40
04a70
04280
QABPO
0AROQ
04910
04920
AAY30
04040
D4950
04940
04970
04984
04990
0S090
05010
oso2o0
050306
05040
05050
05040
03470
0302d
0S090
05100
05110
03120
as130
05140
o5150
05160
(o3 e}
eSI189
05190
05200
03210
05220

OS240
a5250
05240
03270
o5290
as5290
05300
OB321Q
05220
05330
0S40
[Nt
33460
5370
05320
O52%0
Q5400
os410
05420
03430
OS440
05450
05460
a>470
05480
05490
Q5300
05510
05320
= =3 7.
ASS40

05540



IF{XL.LE. XAy o0 TQ 780
IFIYL.0T.(Al#21+2) ) 30 7O 735G
IF(X1,.3T.XEY oQ TO 7950
GO TD 740

TS0 NR(IY»=_J—-1
o TD 720

FAO O LONT INLE

WRITE(IW, 77
770 FORMAT(1HO, 4%, “##(4) REDUIRED AMOUINT OF STRAND =+ )
[
NE =0
I T e ot B T e e aa e ST o o o
[ ITERATION START (THE NI, OF STRANDS I3 INCFREAZED ONE BY INE!
Fai CONTINLE

ST.100) i Ta 16

ETh#XNZ
al=a,
AY=C,
I=
NRT =0
7RO I=I+
IFINRIIGVER.OY S0 TO 210

RT+NR(I)
IE(NS,SJT.NRTY &0 TO
AL=aZ+ATTLI*XN
GY=AY+HANFASTLR (T +CTOR (X I, )
CE=aY/AZ

S0 TO 240
Y¥MNR=NF{ T
AZ=AZ+ANREAS

o
Da#{C2l+0TCR(XI=1.2)

WRITE! [W, 320

SORMATCLRG, 10X, "wns WARNING #%+
CANNDT

WRITE(IW

FORMAT (Y

30 T 12FC¢

CONT INUE

ET=YE-LE

FI=0.7*AS*FRU/1GO0,

Fa=FIg+As/ 1000,

. CHEDE INITIAL [
2 CIZMFR TIVE, TENS I IN=NESATIVE
- TOF FIBER
2
IF
I
.l EDT TEE )
B SEE-XMOSe12, /R
IF TO
= TG
CHETY TR

TLF FIBER
I1==FCT /17

RS ST

i)

CEIFE T URGEINRR LT LGSR LS e TP R LB RCCR R RO GRS R R CPE TSP OR PO RO R TG

e IDPTTER (2-8) MLTIMATE

 INPUT e«

TIVE MOMENT &
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R I N e R o S Y

YRR R R R e R v

T T

OV

(e lial

(e

[ ]

Ly

FROoM TR
21,.BL.BZ.BA.DL .08, D5, D4, 095, 06, FRULFOLL RO, EFE PRV ERM, 2/, 2
FRIOM ZTEF L)
FIE,~CR
FRIM ZTEF(Z)
T
EROM ETEF{A)
BE.AG-38. SBC
FRQM STEF(S)
XML, XMO
FROM SUBSTEF (&~A)
AT, CEL.FSLET
* QUTPUT =
AMCR=CRACK ING MOMENT{FT-KIF}
XMN=FLEXURAL DESTON STRENGTH OF COMPOTITE ZECTION(FT-HIF)
AFZL=AVERAGE ZTREZS IN STRANDE AT LILTIMATE MOMENT(FSID
DE=DTISTANCIE FROM EXTREME COMPREISION FIBER(ZOMPCIITE TECTION:
CENTRCID OF THE STRANDZ(IN)
RARND RATTIZ

LAl CONDITION

RAIN OF THZ STRANDES AT ULTIMATE MOMENT ZXLLUDING EFOD

TAL STRAIN 0T THE 2TRAND:Z AT ULTIMATE MOMENT

EGUIWVALENT QI0TH OF WEE(IN,

BETI=RATIL OF THE DEFTH OF COMPFES
EXTREME IIMERESSION FIBER TI NUETRAL AXIZ

TO=0ISTANCE FRM EXTREME COMPREZIION FIEBER T NEUTRAL AFIZIIM:

RIX=REINFORZEMENT INDEX

COLI=INCREMENT OF COCIN)

FCE=EQUIVALENT SPECIFIED CONCRETE STRENGTH - WEIGHAT AVERAGE OF
GIRDER CONCRETE STREWNGTH AND DECE CONCRETE STRENOTH(ELI)

CRC=OIZTANCE FROM EXTREME COMEER ION FISESR To THE CEINTROCIC OF
COMPREZSION STRESE BLOCY (IN)

AL=DEFTH OF Emn

TE=TENZIIN FORCE IN STRAND: (LB

CF=COMPRESZION FORCE IN TOMPRE

F

I0OM STREZE BLOCK (LB%

FREIALCLLATED VARIGHLEI LNEED IN SZURSTER(4-3:

&+ ‘
TL+DZ+0Z+0D4
B1+DZ .
=(B1+l,#BA+BE, *03/ T,
(Z. #BE+Z, #BG)#DA/T,
SR D TOwEE
T#FCF#Dzabl
Gl S#FCF» (21+3. R4 +BRE) LS/ 2,
Bli=0, SS«F P (2, %532, #Ba ) #0472,
G12=TO/2.
C13=02/2. +TD
1G22 I% (Bl+4 #pad-"1, #E8) /3, /(2L+2, #R&+T2 )+ T DT
DLSaDA R (I REA+BI+I. B30 /T, A (2L #BG+EIHET) +TEHEZ DS

ITERATION FROCEDS
DE=TO+D1-CE
EFO=FIE/SFT
INITIAL VALLES OF 0 AND CDI
CO=0,
CoOI=1.
IFI=FOINTER FOR ITERATION NG{=0, THE FIRST

IEI=C

EFFECTIVE ZTRAIN OF THE ITRaND DIJE 7O SREITRIINI MLy &T IERV

ON ZOME TD THE DISTAMCE FROM

VALENT RECTANGULAR TOMEFEZ S [ON STRESE BLOCHCINMY

=
=

STYART OF LOOF L (ULTIMATE MOMEMT)

SO CONTINUE
CR=CT+C01

CALLLULATE AFSL AND TF
EF1=0.003x (DE-CD) /LT
EFZ=EF1+EFO
IF(EFRFZOGT.EYY GO TR =40
AF S=FFY#EFZ
G0 T X

a0 IF{EFZ.GT.SM) G
AR ZU=FFY-({SFZ
DT S0

ey
&3

T 270
Y i/ {AM=2Y ) e {FFM=FFY}

270 IF(EFLZ.GT.S) G0 TO i
ARSUI=FREM+ (EF2Z~5M) / (=S M) 2 (FFLI=-FFM)
Do TO § i L]

=
=

30 AFEU=FPU
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AND AD

AGT=TENTATT vE VELLIE FOR oD IND)

ADD=L0ECE

HDT—U.’E*EU
IFCADT GT. TN G To =
AGL=0.

G TC a0

TR T TN

§14)

OO0 IF(ADT.OT.S3Z) G2 TO 211G

T4

=70

T TF(A T LoT L

= ADT-TT) *E1
E0 TH a0

2, #B4=BTY Y /T,

=OT+H(E] -5, #Y1+B3+
TO Y40

SaGae (D, s RATEI+T,
TLI 40

ST IMUE

= ’—(&Dm4rrn+nhn+=rp),
E D 25—
IF(BETL.LLT.
AT=HET L «T

ALTUILATE CF, CBL AND oF
I

lam nT,fD im0 TG »s0
w=1ﬂﬁAD*E=

T G2 00 T L0

SIS RFCEA(AD-TTy 2R
1z

AD-TLU /2. +TL
CL+LF7

P S I B R T St T~ W

[
(]

IF T ETC
Y

¥1

Xz yafZ.
X1

vz

A -7

oF

IF«AD, ST ka4 L T 230

GO TO <20

L.rnd ey

- -

ITTCADT,GT.54) GO TS 930

EX SRR N ) Salba]

ey

=GS4GL+GT B (ALT-34)

(ADD+AGG )

{FIZE=a000, 3 /1000,
BET1=D, 45

LD ST IS K L Sl St
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CRIEG1A

CRA=SYZH (I, #BA+ER=D, #XX) /3. /D wBAEIFAY J#5Y
CFaCF LeCFI+CF2+0F 4

R DB AU F IR E+IFawiE4 SO

CRC=(CF L DR+
BF=XX
G2 T =90

T CRONT

CF2miFl0

DFa=511

4« CBA~CESA BT JDF

oo CTONT INUE
IF(TFLGT CF Y G0 70
[ CHETH WMETHEF THE FIFTST

ITERATION TR THE SECIND
IFCIFLLER. DY 30 TO L000
IFI=t
CO=CO-Cnl

ChisG, )
L0 TD 250

[ END OF LOOF (VLTIMGTE MOMENT)

~ . e e e A A Y T o e . R T T = TS T A Y i Sk Sy e A i ok R T - - e e A
1O LIZNTINUE
[ AETE= THE SECOND ITERATION
MR CF+TF Y 2. w(DE=CEL) /1. /1000,

XMMN = R XMNT

ITCYMNLLT. XMLy G0 T 730

) MOMENT

AL+FS#ET {TE—XMOe 12,
XMZR, 30

ST

< END OF ITERATICN (THE NG, OF
<
I B el L R D s el R

CHETH MAY., REINFORCEMENT INDEX
CALCULATE RIX
LTOD 30 TO 1010

230 TO 1020
10LC CONTINUE
Fo=4ll#(, 2S+FCE/AFSIY/ OE
FlIY=Fa«acSll/FCE
IFCRINLLE,D,53: 50 TO 10én
WETTE( Tla 1020 E1X

L0 FORMAT { LHG. 10X, »#4% WARNIND *#%-,// 11X,
{ -REINFORCEMENT INDEx EXCEEDE &L, Elx= ,F&, 3

GO TO 1290
1040 CONTINLE

WRITECIW, LOS0O) N

QB0 FORMAT ¢ 140, 10X . “NOLOF ZTRANDS RESUIRED 2=, T
WRITE(IW, 1 Qe

100 FORMAT (1M, 1207, “810W 7, 130Y, "NC,0F STRAND: SEF ROW .03
NRE& =

C
oD 1100 I=1,50
NRTaNRS+NF (D)
IFENGZ.ST.NRT, 50 TO 1020
NNN=NZ~NFF
WRITECIW, 1070 [,
1070 FORMAT(IH 12X, 1.5,
T2 1110
WRITE{IW, 10F0Y IT.NF(T)
FORMAT VLM &+ 12X, I3 1 7%, I3
NER=aNFT
1100 CONTINUES

i
11310 CONTINLE
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WRITE(IW, 1120 A%
FORMAT { {HO. 12X, TOTAL AREA OF 2TRANDET RECUIREDNIINIY A= Fa. T,
‘ ITRLQOG,
TB# 1040,
*# 1000,
SREIDOO,
WF TE’IH 1150y FIL2IT,31E.
1130 FORMAT (1HO. 10X, INITIAL F=

1120

nouo

1 s/ 12X TP FIEBE

o ./ 12X CEDTTOM FI“EE >

2 /7 1iXx. "PREZTRESSING FORCE SFELE
4 -/ 1Zx, ‘TR F1BEER STRESE (RS

T ./ 1K, ROTTOM FIRER

WRITE(IW, 1140 EFO,EFT

1140 FORMATZ1HO, 10X, STRAINS AT CENTRIID OF STRANDE-

1 “STRAIN DNME T FREZTRETST ONLY AT ZERVICE LOALD SoAZX
+ TTOATAL 3TRAIN AT ULTIMATE MOMENT
WRITE(IW, 1190}
115G FORMAT(IHG, 10X, "GEQMETRIC FARAMETERE OF OSIRDER
WRITE(IW, 1140 ET.CE
T OIINTRIID UE

ﬁPHAT('Hu.;:x‘ DISTANCE CROM CINTROID OF ZTRANCE
E T'uN—NnNtHHF_UITE—fIN) ET=",F7.I,/ 1IX,
CENTROID OF STRAMDES T BETTOM FIBERCIN) . 2lx. CE= .

u51*=ffh.:17~) LE.CD,BET1.AD, CBC, BF

1170 FORMAT (- 11X, DI—FANLE FROM TOF SIRER{COMFPOISITE SECTIONY T CENT
1Rﬂ;u DOF ETRANDE(IN) - SX. DE=",F7.2,/ 12X,

‘DISTANLE From TOF FIEER(FﬂH= SITE ZECTIONY TO NMEUTRAL AXTISCIN® .
322X, Ch=" .F7?,2,/ 12X, RATIO OF STRETE SLCCK DEPTH T CO . 49X,
A"BETi= .F&.5,/ 12X, COMPRESSION STRESS BLOCE DEFTHOIND ©.S0X.  AD=
S.F7.2: / 12X, "DISTANCE FRCM TGP FIBER{COMPLOZITE SECT. TS CENTRCI
w0 OF TTREZE BLOCY (IND S 10X, “CBL=",F7.2, ¢+ 12%, "EQUIVALENT WIDTH OF
7 WER (L0ME ECTIONY (IN) 22X, "BFa’,F7.2)

WRITEC(LW, 11201 AFSL,FLE, FALRIX

1130 FORMAT CIHG, 10X - AVERAGE STRIES IN STRANDE AT LILTIMATE MOMENT(FII)

QF‘”='.F?.1,J 110, "WEIGHT AVERAGED COMNCRETE STRENCSTH{FZI» -, 19X,

sF7.1y 2 11Xe CSTRAND RATIOC, 42X, Pas- F%, &, / 11X, REINFORC

‘EMENT INDEX 23X, RIX=.F&, 2

WRITE{IW, 1150 TE, OF, XMN. XMOR

1170 FORMATILHG, 10X, TENTILE FORCE IN 2TFRaN

1./ 11X, COIMFREZSIVE FORCE IN STRESE BLOCE /LR
2./ 11X, CFLEXUIRAL DESIGN STRENGTH OF CIRDER(TIM!
ENIFT=H IR YMN="FE. 1,/ 1i4A, CRACHING MIMEINT OF SIFD

LIwY . XMIF=" FE.1)
e e L R e L e Rt B s S BT

TTER/TY DEFLECTIONS AT MIDSFAN #*+
SEE r.;/l.l!l OF STATE OF TLLINGIT DESIGN MAMLAL
# INFUT =
FROM ZTER(LD)
SRF . 2L
FRCM STEF(Z)
EC,ECI
FROM STEF(4)
X1G
FRIOM TR (5)
WG WD
FROM TURSTEFTA-A)
FI.ET
#QUTPUT =
OUF=UPWARD DEFLECTION TUIE T2 PREZR
DOS=00wWnNWARD DEFLECTION DLUE TO o1
CAME=FETS TANT CAMEBEF AT SEECTION
DOD=00WnNWARTD CEFLECTION TUJE TO DE

R ey NNl

NGECETRAIGHT ETRAMDZO CIMIH)
EISHT (TN}

-

)
WEIGHT(IN?

OO TS D O T T O

'l'FiL.""JLAT'UN i DEFLECT IONS
TIF=0, 1 2%#F IxETeT #® el
D[,=E,#uuﬁi5L#¢4*1:qa311C__
COAME=LLIF=000
OoD=S5. slilgDies_endo | ZeneTa ) 000, /354, /C0/XIG

Z#1000., SIRF/ECT/LIG

SRF. CAECT /XIS

[u}

WRITEC(IW, 1200
L2009 FORMAT(IHG. 4%, =#+¢7) TGEFLECTIONT AT MIDEFAN #= )
WRITE (I, 12100 DRF, DDG, CAME, TOE
O FORMAT CIHC DDA R WARD DE TIOM E T PREITEEZIING FORCE(ZTRALG
14T STRANDZY (IHD HiE= 11X, UDIOWNWARD DEFLECTION DUVE T IR
IOER WEIGHTIM; ol LAY, RETULTANT TaMBEER AT ERECT
TOINY X- CAME=",F7, 3, /11X, DOWNWARD DEFLECTION DUE TO DETH WEIGH
AT LI 27X, DOD=- . F7, 2}

AP AT A P PR L S e N DR I RN R R S S A LR E SRR T E F O O R SR AR AE TR ETELERAORRTER AT RN
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'nkal

AR AR

(s

RN s NN R N e W

O

*i0

1240

L1250

12&0

127

8]

FER

INTIT 2

EF(L)
W, WL
EF (3
FRZM STEF (3
[<The)
FRiXM SIIBETEF{4=A)
S
1AT=I0T =
TWizTOTaL WEIGHT 07 2TRa
Twr=TOTAL WEILHT OF DEli

TW

=TOTAL WEIGHT GF SIR

NI SEF SIRDEX
REINTORCEMEN
DER CONCRETS

TWLD=TOTAL WEISHT OF DECH CONCRETE FE
IT SURFACE AREALEL/FTZ)

B=GIROER
=0

JF
Wl
TUT=TLTaL oo

NIT ST

T CALIULAT

S
IF’IBAN.EO.
TUWR=EL#1Z., &
GO T
TWR==<

WRITE(IW, 12
FORMAT ( 1HG,
to
WRITE(TW, 1=
FORMAT ( LHO

. L, DE
VARE USSR 154
4/ 1TX. TE
WRITE{IW, L

FIEMAT (1HG, 10X, "WETGHT
1ET)

z ETRANL
s TETY REINFCRIEMENT
4 . GIRDER LOGHRCRETZ
= /o lEa. DEIr CTNCRETE

WRITE L, L2

FORMAT 4 1M,
L NIT/ET

atul i
NZRE
TRA
OEH
3IE

| g

TTRAND WEIGHT PER UM
CECr REIMNFORLEMEMT W

RETE WET

TE WEILHT FEF UNIT

NO FER LS
BEINFD

DER ”
TONMCRE

EIGHT FEF LINIT
SHT PER LNIT

NI™ Z.0FFacE

_F

TZT FEF LNIT

FER IINIT

=T INDEX FERF OUNIT tuRFEoCE
LAUNITAFTZ)

TON

=T

o) oG

GOT 120

=0

DIl #URS/BE(IEAR

Sl 2R/ BS(IBARD

40 )
4%,

SO0
LXKy

RIOER
[t S
o)

1

TUAT=C S+ R+ W+ CIC D

e (2 20

TNﬁ,THR.

JsoLEX. ESTRAND
Tr. REINFORLCEMENT
CONCRETE

DNCRETE
WLUIE, WUR,

CLIRG

o . TETRAND

= WECH S|EINFORT
4 hIFD=F o

= DECK

WRITE{ W, 1.
FRMAT | LHG-
LATIVE WNIT
FEATICIE, 20
I7 «7ITLEWL
TTOFE

ENT

SOX . T

Y.

T INDEX FER

THFG'TNFD

WUCG, WL D

ZEMIZNT FER UNIT

=

SURFALCE

*UPPHIE SFEA

SIRDER(L
ROER (LB

RLIWCG, RUCE, RUS, RUIR, RIUE, UET » URD, LiFe

hIRLEFf'

ARTAILEL/FTI)

1 :JFF-VE ARES(UNIT ST,

URFACE AREATLNIT
LRFRCE AR
ERES B
UNIT SURELLE AREm

OF EACH MATERIAL FER UNIT

iD=

E ROEx TN Wl n]

T INDEX F ZACH M

INDEXY SEFR
I -1 F
=y, o0

GOOTD 10
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Sample Problems
Data input and information output for two sample problems is

presented in the following pages. Example 1 is the design of
an AASHTO Type VI girder, while Example 2 is for a Washington
Series 14 girder. Both examples are for girders with a span of
130 £t (39.6 m) and spacing of 6.0 ft (1.83 m).

Data input on punched cards is reproduced in Table 10.
These data were prepared according to "User's Input Instruc-
tions" discussed earlier in this appendix, and summarized in
Table 9. In Example 1, default options, where available, were
selected. For this reason cards 7 through 11 are blank cards.
A sample of data output for both examples is given in the next
pages. This output is self-explanatory.
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Example

TABLE 10 - SAMPLE OF DATA INPUT

Data Punched on Cards

CONTINUE

= a8

Z. . 10,
[ .0

. Yedd 2.0 S
Z.L

14%. 0 145, 9 154,60

aT00o,. ¢

S0 9.¢ 12
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Sample of Data Qutput for Example 1

-
A
E)
GIRTES
IMENSION: OF
3 HI=
—=a . » - =
-5 PN L=

UNIT WE? LRETE(PCF?
UNIT WET STE(FPIF)
LUNIT WEl

UNTT Wwel

ATRAND

RAI CURVE 3E LTRAND

UL TIMATE
DIATE STRE

MOl

TITAL

EERULIZTION FACTIR SRF= LLTEO

INDEX UNIT /L)

TTRAND
OECK AREIMNFORCIMINT
EF2XY TED LEZF FREIMFORCEMENT

*##(2) CALCULATED MATERIAL FRCFEFTIED #*»

TONCRETS

AL

TENTILE

QTS OF RIETR D
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MODULAR RATIC,DECK T2 GIRDES XNE= &L 21E

ETRAND

L2 X8cH!

* {3

EX 28]

i)

ALLCWATLE
EFFECTIVE

=21

oAb

TAICKNESZ AND REINFORCEMENT F TECE ++

EFFECTIVE EFAN 0OF DECE(FT) BE= - 3,33

HICHENELE OF DECK (IND o=  7.0¢

BAR SPACINGCING OF NG, S TaR Es= .50

SELTIONAL PROFERTICE OF SISUER %

EFEFELTIVE T® FLANGE:DETR ) WILDTW(IN' EE= T
oNOIND
INZ

TIF FIERE

TIORITTImMOF
STIONCING
STIONC N

CaME TE
FOR COMPCIITE £

i
n

MOMENT OF INERTIA OF NONCOMEDIITE
MOMENT QF IMERTIA OF CIMFOEITE =&

MODNILIYE FOR TOF FIBER(ING)
hel 310 I} QR EHOTTOM FIBER(IN
COMP SECTICNCING

CrmMe e SECTION{ INZ

TGN LOADS aMD MOMENTS »x

LOAD FRACTOR . XIF= G
UMIFSRM LJADT BUE TO FIRLDER WEISHT(KIR/FT) WG
UNTFORM LOADR DUE TO DECH WEIGHT(MIR/ET; WL

MOMENT DS To 2IRDOER WEISHT(FT-KIF) YMOG=

MOMENT DIE TO TECH FLUS CIFDRER WEIGHT/FT-i 1F) ¥mo
MOMENT DUE T2 LIVE LOARDRT-HIF) XM,

FAZTORED MOMENT(FT-KIF) XML

REMIIRED AMOUNT 1OF STRAND *»

STRANDE RECLIIRED

S NT, 05 STR

TOTAL ARER OF ZTRANDEZ RECUIREDCINDY  Ai= w424

FI=1214.514

IRCE AT FERVIC £ Fe= J2E. 343
BOTTOM
BTRAINT AT CENTROIIZ OF STRANDE
STRATK DMLY AT SERVICE LDAT EFQx

TaTAL

MEMENT EFC
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CENTRCID MOPE THD CENTRICIS 05 SIRDES SE T OO oNDNLOMESI T TE-’ 11!
CENTROIT SIS T BRGTTOM EILSS. e

TE ZECTION' T CENT™L

TE SEZTION: TO NEUTRA

h

IN)

AVERAGE STREZS IN STRANDS AT ULTIMATE MOMENT(FTI:
WETOHT AVERAGEDR CONCRETE T TRENGTH{FZI)

(AND RATIC

MFORCEMENT INDEX

UPWRARD DSF_ZTTION DLz FORLEILTRAT ZHT

3=
COWNWARD DEFLEITION ImE T XDER W TioHT I

SEILULTANT CAMBER AT ERZITION:IM
DWNwARD DEFLESTION DI TO D0 WEIGHT IN:

## (g COTT OINDEX

TOTAL WEIGAT

ETRAND

FEINFORICEMENT
IMNCRETE

INDEY OF ZAT= MAT

ARES(UNIT, ST,

INDEX PER
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Sample of Data Output for Example 2

T CENGTHFT
EALINGIFT)

S OF GIRDER

Zé.00

HOR TZONTAL DIMENS
z:= 42,

5
r
il

CONIRETE
m &T SREITR
T DECH CONCRETE STRE

LINTIT WEIGHT OF SIRLDER CONCRETE(FCF) W = 145,70

HMIT WEZTGHT OF DECH CONCRETE(BRIF) WCD= 145,10
UMIT WEIGHT OF GIRDER(FCOF) ke = 1T
NIT WEIGHT O LDECK(FCF) WD = 50,0

STRAMD

RAIN CURVE OF STRAND

QF STEAND(F

(F21)

RO,

LLstels lopge)

DiZTION FacToR SRF= &

INDEX (UMIT/LE)
= CONCRETE
CONCRETE

REINFORCEMENT L Qi
=YY LOATED LEIR RZINFORCEMENT LE = 12.00
##L2y CRUDIMATED MATERIAL FROPERTIES #+
CONCRETE
ALLDWAELE GIRDER CONCRETE
TRANZFER
MDD OF RIFTURE OF GISDER , FLRFR SECLT
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"
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T

WIDTH

TUE TG F=
o THME TG

AT ERECTIONMNI

DOLNWARD CEFLECTION BIE T DECY WEIGHT(IN)

CHDEX FER UNIT SURFALCE AREA OF ERIIGE »»

AL WEICHT GF ZACH MATERIAL FER GIRDER(LE

[

INDEY 2F EaACA MATERIAL SR UNIT

(O N r:

N

L
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APPENDIX F - COST CHARTS
This appendix contains cost charts for the following

girders:
1. AASHTO Type IV
2. AASHTO Type V
3. AASHTO Type VI
4. Modified AASHTO Type IV
5. Modified AASHTO Type V
6. Modified AASHTO Type VI
7. Colorado G54
B. Colorado G68
9, Modified Colorado G68/6
10. Washington Series 80
11. Washington Series 100
12, Washington Series 120
13. wWashington Series 14
1l4. Modified Washington 80/6
15. Modified Washington 100/6
16. Modified washington 120/6
17. Modified Washington 14/6
18. Bulb-~T BT48
19. Bulb-T BT60
20. Bulb-T BT72
21. Modified BTA48/6
22, Modified BT60/6
23. Modified BT72/6
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Figure 35 Cost Chart for AASHTO Type IV Girder

150



AASHTO Type V
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Figure 36 Cost Chart for AASHTO Type V Girder
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Figure 37 Cost Chart for AASHTO Type VI Girder
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Modified Type I
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Cost Chart for Modified Type IV Girder
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Modified Type X
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Figure 39 Cost Chart for Modified Type V Girder
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Figure 40 Cost Chart for Modified Type VI Girder
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Colorado G54
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Figure 41

Cost Chart for Colorado G54 Girder
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Figure 42 Cost Chart for Colorado G68 Girder
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Figure 43 Cost Chart for Modified G68/6 Girder
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Figure 44 Cost Chart for Washington Series 80
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Cost Chart for Washington Series 100
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Wash. Series 120
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Figure 46 Cost Chart for Washington Series 120
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Figure 47 Cost Chart for Washington Series 14
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Figure 48

Cost Chart for Modified Series 80/6
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Cost Chart for Modified Series 100/6
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Figure 51 Cost Chart for Modified Series 14/6
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Cost Chart for BT48
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Figure 53 Cost Chart for BT60
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BT 72
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Cost Chart for BT72
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Figure 55 Cost Chart for Modified BT48/6
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Figure 57 Cost Chart for Modified BT72/6

* .S, GOVERNMENT PRINTING OFFICE: 1982 361-428/2022 -

172



FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY
RESEARCH AND DEVELOPMENT

The Offices of Research and Development (R&D) of
the Federal Highway Administration (FHWA) are
responsible for a broad program of staff and contract
research and development and a Federal-aid
program, conducted by or through the State highway
transportation agencies, that includes the Highway
Planning and Research (HP&R) program and the
National Cooperative Highway Research Program
(NCHRP) managed by the Transportation Research
Board. The FCP is a carefully selected group of proj-
ects that uses research and development resources to
obtain timely solutions to urgent national highway
engineering problems.*

The diagonal double stripe on the cover of this report
represents a highway and is color-coded to identify
the FCP category that the report falls under. A red
stripe is used for category 1, dark blue for category 2,
light blue for category 3, brown for category 4, gray
for category 5, green for categories 6 and 7, and an
orange stripe identifies category 0.

FCP Category Descriptions

1. Improved Highway Design and Operation
for Safety

Safety R&D addresses problems associated with
the responsibilities of the FHWA under the
Highway Safety Act and includes investigation of
appropriate design standards, roadside hardware,
signing, and physical and scientific data for the
formulation of improved safety regulations.

2. Reduction of Traffic Congestion,
Improved Operational Efficiency

and

Traffic R&D is concerned with increasing the
operational efficiency of existing highways by
advancing technology, by improving designs for
existing as well as new facilities, and by balancing
the demand-capacity relationship through traffic
management techniques such as bus and carpool
preferential treatment, motorist information, and
rerouting of traffic.

3. Environmental Considerations in Highway
Design, Location, Construction, and Opera-
tion
Environmental R&D is directed toward identify-
ing and evaluating highway elements that affect

* The complete seven-volume official statement of the FCP is available from
the National Technieal Information Service, Springfield, Va. 22161. Single
copies of the introductory volume ate available without charge from Program
Analysis (HRD-3), Offices of Research and Development, Federal Highway
Administration, Washington, D.C. 20590,

. Improved Materials

the quality of the human environment. The goals
are reduction of adverse highway and traffic
impacts, and protection and enhancement of the
environment.

Utilization and
Durability

Materials R&D is concerned with expanding the
knowledge and technology of materials properties,
using available natural materials, improving struc-
tural foundation materials, recycling highway
materials, converting industrial wastes into useful
highway products, developing extender or
substitute materials for those in short supply, and
developing more rapid and reliable testing
procedures. The goals are lower highway con-
struction costs and extended maintenance-free
operation.

Improved Design to Reduce Costs, Extend
Life Expectancy, and Insure Structural
Safety

Structural R&D is concerned with furthering the
latest technological advances in structural and
hydraulic designs, fabrication processes, and
construction techniques to provide safe, efficient
highways at reasonable costs.

Improved Technology for
Construction

Highway

This category is concerned with the research,
development, and implementation of highway
construction technology to increase productivity,
teduce energy consumption, conserve dwindling
resources, and reduce costs while improving the
quality and methods of construction.

. Improved Technology for Highway

Maintenance

This category addresses problems in preserving
the Nation’s highways and includes activities in
physical maintenance, traffic services, manage-
ment, and equipment. The goal is to maximize
operational efficiency and safety to the traveling
public while conserving resources.

Other New Studies

This category, not included in the seven-volume
official statement of the FCP, is concerned with
HP&R and NCHRP studies not specifically related
to FCP projects. These studies involve R&D
support of other FHWA program office research.
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