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EXECUTIVE SUMMARY

This research focuses on finding a method for creating cost effective and innovative steel bridges in
Colorado. The design method that was discovered to create this cost efficiency was designing the beams
as simply supported for non-composite dead loads, beam weight and wet concrete, and then making the
beams continuous at the pier for composite dead loads and live loads. This method eliminates the need for
an expensive field splice and simplifies design details at the interior support, creating cost savings. During
the research, a software package was created at Colorado State University that takes user inputted data,
such as span lengths, out to out width, number of girders, and overhang along with various other inputs
and outputs the lightest wide flange shape that will satisfy the loading. The girders were designed using
appropriate provisions from the AASHTO LRFD Bridge Design Specifications 4™ edition 2007.

Once the program was completed, design charts and design tables were created for several one, two, and
three span steel bridges. Each span arrangement for the design charts and tables was made using full
widths of 39 ft, 44 ft, and 60 ft. Each chart and table depicted how the structural steel weight per square
foot changes as the number of girders was increased as well as providing the lightest wide flange shape
required to support the deck and traffic loads. These charts and tables also illustrate how the required
amount of structural steel changes when different spans were used. The design charts will aid the bridge
type selection process by giving designers an accurate measurement of minimum steel requirements for
numerous one, two, and three span steel bridges. Finally, steel fabrication and erection cost were gathered
from regional steel fabricators and bridge contractors. This cost information led to an accurate
measurement of the cost per square foot for the structural steel of a bridge to be built in the state of
Colorado. Overall, this research has provided CDOT and others who will use the software or design
charts with a tool that will facilitate the construction of innovative steel girder bridges.
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1. INTRODUCTION

1.1 Background

Within the last 50 years in the midwestern United States, construction of short to medium span steel
bridges has remained constant or declined, while prestressed concrete bridge construction has dominated
the market (Azizinamini 2003). In Colorado the ratio of concrete to steel bridges is currently 20:1 (Wang
2006). One reason for this discrepancy is the lack of steel mills in the region combined with the strong
presence of precast concrete companies in the state. In addition, a lack of readily available economical
and innovative procedures to design and construct steel bridges has hindered the industry in certain areas,
such as Colorado.

During the bidding process for design and construction of bridges, federal requirements mandate accurate
bidding of both steel and concrete during the initial bidding process. The precast concrete industry has
worked to develop tools to make this process easier and subsequently dominated the market in Colorado.
These types of tools are not available for bidding steel bridges, thus the outcomes of type selection studies
are routinely predominated by prestressed concrete.

1.2 Research Motivation

As previously stated, there has been a dearth of research on economical and rapid procedures to design
short to medium span steel bridges. The purpose of this research is to provide the Colorado Department of
Transportation (CDOT) with the most cost effective way to design and construct steel bridges using
standard rolled steel sections readily available. With this result, CDOT will be able to choose the best
alternative in the bridge type selection process.

1.3 Literature Review

An extensive literature review was conducted as part of this project to determine the most feasible options
for the design of cost effective steel bridges in Colorado. Many publications were reviewed, including
Transportation Research Board (TRB) annual meeting papers, National Cooperative Highway Research
Program (NCHRP) reports, state Department of Transportation (DOT) structural design manuals,
previous steel bridge studies, journal papers and various websites outlining steel bridge design and
construction. The resource that proved to be most useful was Steel Bridge News journal reports from the
National Steel Bridge Alliance. During the literature review, it was noted that the current method of
constructing multi-span steel bridges is to build as continuous girders to distribute the load over all
members. In this method, the rolled girders are fabricated and shipped to the job site. There they are
assembled by the contractor using a bolted or welded field splice, usually between piers. In a recently
developed method, simply supported beams are specified by the designer and beams are then made
continuous at the piers by a concrete diaphragm or connection plate (Azizinamini 2005). In this setup,
once the slab and diaphragm are poured, the simply supported beam accounts for its weight along with the
wet concrete deck. As the concrete diaphragm hardens, making the girders continuous, all other loads
(live, superimposed dead) are shared through the system of beams. This latter concept is called simple for
dead load, continuous for live load, or simple made continuous (Azizinamini 2005). Some of the major
advantages of the simple made continuous method over the field splice method (the field splice method is
hereafter referred to as the “conventional method”) are as follows (Azizinamini 2004):

o Eliminates the need for expensive field splices

e Reduces the negative moment at the pier, while increasing the positive moment at mid span

e Maintains a uniform cross section throughout span to reduce fabrication effort



Requires minimum detailing of the steel beam

Requires smaller cranes to assemble beam system

Reduces erection time without the need for field splices
Interrupts traffic minimally compared to conventional method

Several states have implemented this type of construction for some of their steel bridges. States that have
built simple made continuous steel bridges include Colorado, New Mexico, Nebraska, Ohio, and
Tennessee.

1.3.1 Nebraska

The Nebraska Department of Roads recently teamed with the University of Nebraska to identify/develop
an economical solution for short-span (80-110 ft.) steel bridges (Azizinamini 2003). The two alternatives
were to make the beam act as simple for the dead load and continuous for the live load, or to have the
beam behave as continuous for both dead and live loading. Tests conducted for both alternatives show
that the beam acting as continuous for the live load only produced a lower negative moment at the pier,
while also generating a higher positive moment at mid-span (Azizinamini 2003). This is attractive
because a uniform cross section could be specified throughout the length of the girder. After comparing
the alternatives, the University of Nebraska recommended the development of simply supported beams
for the dead load and continuous for live load. The initial detail designed for the connection at the pier can
be seen in Figure 1.1.

Concrete Diaphragm Reinforcing Bar for Live load
Continuit)\
N\ Y
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Partial Pen Weld No. 6 Embedded Bars
s End Plate
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\ I/ | e—
Pier Cap Beam ~~
Elastomeric Pad

Figure 1.1 Detail of connection designed by the University of Nebraska [3].

A research bridge was constructed in Omaha, Nebraska using the principles developed by the University
of Nebraska and National Bridge Research Organization. The new steel bridge replaced a four-span
bridge over Interstate 680, with two 97-ft. spans (Azizinamini 2004). The rolled girder bridge, completed
in August of 2004, uses four W40 x 249 grade 50W girders on its 32-ft. width, plus a 7-ft. cantilevered
sidewalk. Girders are spaced at 10 ft. 4 in. on center. The bridge contains integral abutments, which
allows for no bearings or expansion joints in the deck. On the pier, the girders sit on a 1.75 in. bearing pad
surrounded by a sponge rubber joint filler. Simple bent plate cross frames are attached to the bearing
stiffeners on the girders. The negative moment at the pier creates large compressive forces in the bottom
flanges that could crush the concrete diaphragm. A 2 in. plate is welded to each bottom flange with no
gaps to transfer the compressive forces through the steel instead of concrete. Reinforcing rods are also run
laterally through the girders to give extra support for the concrete diaphragm cast around them
(Azizinamini 2004). This bridge design calls for the concrete diaphragm to be poured two thirds full,
making the beams partially continuous. The other third is filled in when the deck is poured, making the
girders fully continuous. This process leads to stability in the deck during the pouring phase. Reinforcing
rods are also placed in the deck slab above the piers to provided extra continuity. For this steel bridge, it is
estimated that the simple made continuous design cut costs by a third compared to using field splices to
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connect the girders, i.e., the conventional method. The cost for in-place erected steel for this bridge
amounted to only $0.52/Ib., compared to a rule of thumb estimate of $0.75/Ib. for rolled steel bridges
having field splices (Azizinamini 2004). Figure 1.2 shows basic connection details for the research bridge
spanning Interstate 680 in Omaha.

Figure 1.2 Making a continuous beam with concrete diaphragm [2].

1.3.2 Tennessee

The Tennessee Department of Transportation (TDOT) has also developed design details for steel girders
with simple span for dead loads and continuous for all other loads. In one of the initial designs (Figure
1.3), continuity is achieved by a cast in place 3000 psi concrete diaphragm with steel reinforcement at the
interior supports (Talbot 2005). A Y2-in. plate welded at the end of the girder distributes the compression
forces in the flanges.

Top flange Top flange

Web
Web

Bottom flange Bottom flange

Pier

Anchor bolts

Figure 1.3 Initial Tennessee beam connection [17].

The trial bridge in Tennessee was built with four spans (65, 71, 71, 45 ft.) of W36 x 150 grade 50W steel
with eight girders spaced between 9.3 and 11.5 ft. The varied spacing is due to the deck width changing
from 75 ft. to 87 ft. over the length. The unit weight of structural steel is 18.3 pounds per square foot at an
in-place cost of $0.72 per pound. While the concrete diaphragm is a technical success, the economics still
does not compete well with precast concrete bridges at other sites in Tennessee (Talbot 2005). TDOT
developed another method to create a full length beam with the same cross section (prismatic) throughout
the span to meet the demands of the maximum positive moment. This is done by using a single shear
bolted connection in the top flange. The bottom compression flange is fitted with a welded cover plate.
Two trapezoidal wedges are tightly fit in the gap between the bottom flanges, similar to the Nebraska
detail. A 12 in. steel channel frame is run from exterior beam to exterior beam along with a concrete
diaphragm. This design is used in a two span, (87°, 76”) 40 ft. wide steel bridge in New Johnsonville, TN.
Six W33 x 240 grade 50W beams are constructed at 7.5 ft. on center. The unit weight of structural steel is
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37.7 pounds per square foot. The price of the steel from the low bidder is $0.56/Ib. in place, significantly
lower than the previous design. Construction of the total bridge took only 90 days, without incentives.
TDOT also designed two similar bridges, which contained integral abutments. Advantages of the integral
abutments include being jointless, reduced maintenance, and dampened seismic motion. The first is a five
span bridge, taking State Road 210 over Pond Creek. The substructure is skewed at 35 degrees carrying
spans of 94, 103, 132, 132, and 118 ft. Five W40 x 248 grade 50W girders support the 42 ft. wide deck.
The steel beams were set in 30 days. The second of the two was another large rolled beam bridge set for
construction in 2006, carrying Church Ave. over Route 158 and 71. It consists of six spans measuring 80,
100, 100, 100, 93, and 90 ft. The 56 ft. wide deck is supported by seven lines of W30 x 173 grade 50W
girders, spaced at 8 ft. 2 in. The engineers estimate for the bridge totals $80/sqg. ft., totaling $2.82 million.
The low contractor bid is $72.93/sq. ft., or $2.55 million (Talbot 2005). Details of the connection at the
pier along with the span of the concrete diaphragm can be seen in Figure 1.4.
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piate Pt plates

Figure 1.4 Tennessee design detail for continuity at pier [17].

1.3.3 Ohio

The Ohio Department of Transportation (ODOT) implemented a simple made continuous steel bridge as a
replacement bridge in the summer of 2003. The existing structure was a six span (90’ approaches with
112°6” main spans) 29-foot wide steel stringer bridge crossing the Scioto River in Circleville on US 22
[Ohio DOT, 2003]. Because of time constraints, the state decided to make the project a design build fast
track job. Five girders, spaced at 9 ft., are required to support the bridge, widened to 44 feet. High
performance steel girders, M270 grade 50W, are designed as simply supported and are made continuous



in the field by integral concrete diaphragms. The concrete diaphragm is 3 ft. wide and is cast across the
pier comparable to the Nebraska and Tennessee diaphragms. The beams and diaphragm also sat on an
elastomeric bearing pad and load plate. The beams are constructed as plate girders with a 54 in. web depth
and 18 in. flanges. The total construction time of the US 22 Bridge, from demolition to the completed
construction of the new bridge, was 48 days (Ohio DOT 2003). The bridge unit cost is $2.11 million,
which equates to $75.6/sq. ft. Design details obtained from the state of Ohio can be seen in Figure 1.5.
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Figure 1.5 Concrete diaphragm details at pier on Scioto River Bridge [13].

1.3.4 New Mexico

New Mexico DOT used the simple for dead continuous for live method to design a five span 525 foot
(105 ft./span), 34.5 foot wide replacement steel plate girder bridge (Barber 2006). The superstructure
contains four lines of plate girders spaced at 7 ft. 6 in. The plate girder dimensions are a 54 in. web depth,
13.8 in. top flange, and 17.3 in. bottom flange (Barber 2006). That bridge crosses the Rio Grande River
on NM 187 and was completed in the summer of 2005. On an earlier project, the simple-made continuous
concept served in a dual-design analysis (steel vs. pre-stressed concrete) for a bridge on US 70 in southern
New Mexico. A design consultant for the US 70 project, Parsons Brinckerhoff, Inc. bid the two
alternatives at a difference of only 0.2 percent out of a total project construction cost of $21 million
(Barber 2006). An innovative feature on this project is bolts placed outside of the concrete diaphragm to
allow for tightening after the deck and diaphragms are poured. Reinforcing bars are added to the concrete
diaphragm to achieve the required negative moment capacity. Bars are also added above the pier to
alleviate stresses on the continuity connection plate and are shown in Figure 1.6. The cost of the bridge is
$75 per sq. ft. Bids for precast concrete girder bridges of comparable square footage are $68 and $88 per
sg. ft. each (Barber 2006).
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Figure 1.6 Detail of connection plate on top flanges on NM 187 bridge [5].

1.3.5 Colorado

The Colorado Department of Transportation (CDOT) recently designed and completed its first simple
made continuous steel bridge. The steel bridge, which was completed in July 2006, replaced an old bridge
on US 36 that crossed Box Elder Creek outside of Denver (Modern Steel Construction 2006). The new
superstructure is 470 feet long with six equal spans, 77 ft./span. The 44 ft. wide concrete deck is
supported by six lines of W33 x 152 grade 50W rolled beam girders spaced at 7 ft. 4 in. The beams were
supplied to the site in pairs with W27 x 84 diaphragms connected to the bearing stiffeners. These cross
frames are spaced at 19 ft. on the interior girders and 12 ft. 4 in. on the exterior girders and provided
stability during erection. Similar steel diaphragms also run over the pier cap from exterior to exterior
girder. The girders sit six inches apart on a ¥z-inch elastometric pad along with a 30x14x1 compression
plate. The bottom flanges of each girder are welded to the compression plate to make the system
continuous. A reinforcing rod is placed within the deck above the pier to handle the tension of the
negative moment. The total cost of the superstructure amounts to $1.1 million. This equates to just $53
per square foot, or $.97 per pound of erected steel (Modern Steel Construction 2006). Details of the pier
cap connections can be seen in Figure 1.7.

Deck
T . =5
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| Diaphragm

Girder
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Plate

Fiket ' ’” .
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Figure 1.7 Colorado beam continuity connection above pier cap [16].



1.3.6 Comparison Between States
Table 1.1 outlines information about steel bridges constructed in different states using the simple made

continuous method with rolled beams. General information on the bridge, along with beam size and cost
is included.

Table 1.1 Rolled Girder Cost Chart

Location General Bridge Information Beam Used Cost
Four spans
Tennessee (65, 71, 71, 45 ft) W36 x 150 18.3 Ibs/ft?
State Route 35 width varies from 75 to 87 ft $.72/1b in place
Maryville, TN 8 girders
Dupont Rd Two spans (87, 76 ft) W33 x 240 37.7 Ibs/ft
New Johnsonville, TN 40 ft wide $.56/1b in place
6 girders
Six spans
Church Ave (80, 3@100, 2@90 ft) W30 x 173 $73/sq ft
over Route 158 56 ft wide
Knox County 7 girders
Nebraska Two spans (97, 97 ft) W 40 x 249 $.52/Ib in place
Sprague St. 32 ft wide
Over 1680 4 girders
Omaha,NE
Colorado Six spans (6@78 ft) W 33 x 152 $1.1 million
Box Elder Creek 44 ft wide $53/sq ft deck
US 36 E. of Denver 6 girders $.97/1b erected

Although each of these steel bridges is constructed using the simple for dead load, continuous for live
load method, the bridges have similarities and differences.

Similarities

e All use grade 50 weathering steel.

e Concrete diaphragms are cast from exterior to exterior beams to connect girders sitting on the pier
cap, except in Colorado (steel diaphragm/welded connection plate).

o Integral abutments integrated in all bridges except initial designs in Tennessee.
There are no expansion joints due to integral abutments.

o Sufficient reinforcement is placed in the deck above the pier in the negative moment section to
provide extra continuity and take some of the tension force.

o Each state places an elastomeric pad along with a bearing plate between the pier cap and girders,
except Tennessee.

o All designed used AASHTO LRFD Bridge Design Specifications.



Differences

e The bridges in Tennessee and Nebraska both utilize a plate between the girders to transfer the
compressive forces, whereas the Ohio, New Mexico, and Colorado bridges do not.

e The cross frames vary from a wide flange section, to a bent plate, to a k-type cross frame.

e Tennessee uses a single shear bolted connection to connect the top flanges with a cover plate,
along with a bottom plate, while New Mexico uses a continuity connection plate on the top
flanges.

e Colorado welds the bottom flanges to the compression plate to create a continuous beam instead
of using a concrete diaphragm.

e The concrete diaphragm in the Nebraska bridge is poured two-thirds full to make the beams
partially continuous. The remaining third is filled when the deck is poured. This procedure is
used to maintain the stability of the deck while it is cast.

1.4 Selection of Design Method

Based on the benefits of the simple made continuous method, this project focuses on this method as
opposed to the conventional method. In addition, because cost is a major deciding factor in the selection
process, the preferred material is standard size rolled steel beams. For short to medium spans, the rolled
girders prove to be more cost effective than plate girders.

1.5 Objectives

The major objectives of this study are as follows:

o To establish/select a design detail for constructing simple span steel girders made continuous
over piers.

e To create design charts that will aid in the optimal selection of rolled girders.

e To design a computer spreadsheet that will allow a user to input bridge data (spans, lengths,
width, etc.) and automatically size a rolled girder system for applied loads.

e To produce costs associated with steel fabrication, transportation, and erection. This includes
a cost per unit area of deck.

e To establish a procedure to update the design tables for changes in unit cost.

1.6 Report Organization

The first section of this report includes background information on the current state of bridges in
Colorado along with an extensive literature review. Project objectives are also included. A review of
different steel bridge design methods is contained in Section 2. Also, an overview of the simple made
continuous design with detailed procedures of the design process can be found in Section 2. Section 3
contains the development of the software package. Creation of the design charts and descriptions of how
they are used is in Section 4. A summary of the report along with recommendations makes up Section 5.
Additionally, Appendix A includes sample calculations of a bridge design using the girder design
software. Appendix B includes the design charts, while Appendix C contains the design tables. Appendix
D illustrates design details for a simple made continuous bridge. Appendix E contains a User’s Manual
and Users Guide Examples for the software package. Finally, Appendix F includes a User’s Manual for
the software used to analyze a Colorado Permit Truck.



2. DESIGN OF A SIMPLE MADE CONTINUOUS STEEL
BRIDGE GIRDER SYSTEM

2.1 Introduction

In this section, the girder design of a simple made continuous steel bridge is summarized. This is a
continuous beam problem, which requires designing simple spans to be continuous across the negative
moment. This includes references to the AASHTO LRFD Bridge Design Specifications 4™ Edition 2007
and the steps taken to insure a given beam will support the applied loads. Throughout the section, article
numbers or tables are assumed to be referenced by the AASHTO LRFD Bridge Design Specifications
(AASHTO 2007).

2.2 Design Background

As is previously discussed in the previous section, steel bridge girders have historically been designed as
a continuous beam with field splices at low stress points. Because of the labor involved in creating a field
splice, the conventional method often is not cost effective when compared to precast concrete
(Azizinamini 2003). A new design philosophy eliminates the costly field splices and minimizes the
structural steel required.

2.3 Assumptions

Some of the major assumptions in the research project are that each designed bridge will satisfy the

following:
e Standard size AISC rolled steel beams are used.

Spans are between 50 and 120 feet.

Pedestrian loads are negligible .

Prismatic (same cross section) exists throughout the length of the bridge.

Beam weight is greater than 124 Ibs./ft. and less than 331 Ibs./ft. for cost estimations.

There is a minimum of four girders and a maximum of 12 girders.

For the span ranges considered in this project, the use of the Colorado Permit Vehicle is excluded

for both single and multiple lanes during the analysis and subsequent girder selection process.

e A deck pour analysis is not included in this study because the results of the study, i.e.,
preliminary girder selection, are intended at this stage.

e Fatigue stresses are not checked in the connection plates at the top and bottom when required.

e Load and resistance factor rating (LRFR) is not considered in the analysis.

e Optimized shear stud spacing is not considered in the analysis. The shear stud spacing is assumed
or user specified since this is intended as a preliminary engineering procedure for cost estimation.

e Variable internal diaphragm spacing is not considered in the analysis to obtain the optimized
girder section.

e Shear lag at the simple made continuous connection, i.e., the interior supports, are not considered
due to the limited scope of work.

2.4 Design Steps

The first step in the steel bridge design process is defining basic data. These parameters include number
of spans, span lengths, roadway width, slab thickness, number of girders, etc. Following inputted data,
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bridge loads are generated. Given the provided data and applied loads, flexure, shear, and subsequent
stresses are all calculated to insure the selected beam will support the bridge.

2.5 Loads

Because the beams are designed as simple for dead load one and continuous for all other loads, it is
important to distinguish between each. Dead load one includes the weight of the slab and self-weight of
the beam. The self-weight is calculated from the volume of the girder multiplied by the density of steel,
490 Ibs./ft.®along with shear studs. Likewise, the slab weight is found by multiplying the volume of deck
by 150 Ibs./ft.. The 150 Ibs./ft.® does not include the effect of reinforcement, but the reinforcement
weight is added to the dead load one. This is done due to the great amount of reinforcement put into
bridge decks. The slab area is computed from the thickness multiplied by the centerline spacing of each
girder. The long term composite dead load two includes barriers, a future wearing surface, and any
additional items that may be added after the deck has cured. It is assumed that the each barrier weighed
482 Ibs./ft. and the composite dead load is spread equally over all girders, but values can be modified in
the design spreadsheet discussed in Section 3. The most critical load imposed on a steel bridge is the live
load. All live load forces are calculated according to Section 3.6. The live load includes the design lane
load and the larger of the design truck or design tandem. The design lane load is represented as a
distributed load at 640 Ibs./ft. It is determined that a HL-93 design truck will cause the greatest extreme
forces that are under consideration in this research. According to Article 3.6.1.3, the extreme force effect
is taken as the largest of one design truck with variable axle spacing combined with the lane load, or two
design trucks spaced at least 50 feet apart combined with the lane load with a 10% reduction allowed in
the negative moment region. For this design, Strength | and Service 1l load factors are applied to the
appropriate loads (Table 3.4.1-1). Once all loads are defined, a software package created at Colorado
State University is used to determine the extreme forces and critical sections.

In addition, it is important to understand the properties that are used for each part of the design, i.e.,
section and related stiffness. For the positive moment capacity, for DL-1 the I, of the selected beam is
used; for DL-2 the long term composite section I, from the elastic section properties is used; and for the
LL+I the short term composite section I, from the elastic section properties is used. The long term
composite section carries a factor of 3n (modular ratio) and the short term section has a factor of n. For
the negative moment capacity, for DL-1 the I, of the selected beam is used as it is for the positive
moment; for both DL-2 and LL+I the I, of the selected beam plus the top and bottom reinforcement in the
slab is used.

2.5.1 Live Load Moment and Shear Distribution
The next step in the design process is reducing the live load moments and shears according to the tables in

Section 4.6.2.2. First, the distribution of live loads per lane for moments in interior beams (Table
4.6.2.2.2b-1) is calculated for one lane loaded and two or more lanes loaded.

. s VsV K, )"
One Design Lane Loaded: DF =0.06+| —— —

141t ) (L) (120t®
S 0.6 S 0.2 K 0.1
Two or More Design Lanes Loaded: DF =0.075+| —— | | — g 3
9.5ft L 121t

L 2 D t
Where: K, =n(l, +Ae;") and e, :E+Es+th
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After the interior moment distribution is calculated, the exterior moment distribution is found using Table
4.6.2.2.2d-1.

One Design Lane Loaded: Lever Rule
Two or More Design Lanes Loaded: g = €0, erior

Where: e =.77 + &

9.1

Special analysis on the exterior girder is also considered following C4.6.2.2.2d. This distribution factor is
important because the other reductions do not factor in diaphragms or cross frames.

R:m_FNeXI—Z:e

N, >

Where:

R = reaction on exterior beam

N = number of loaded lanes

e = eccentricity of a design truck from the center of gravity of the girders

x = horizontal distance from the center of gravity of the pattern of girders to each girder

Nex: = horizontal distance from the center of gravity of the pattern of girders to the exterior girder
N, = number of beams

The shear distribution factors are calculated next for both interior and exterior girders according to Tables
4.6.2.2.3a-1 and 4.2.2.3b-1, respectively.

Interior:

One Design Lane Loaded: VDF =0.36+ S
251t

Two or More Design Lanes Loaded: VDF =0.075+ S (S
12 ft 351t

Exterior:

One Design Lane Loaded: Lever Rule
Two or More Design Lanes Loaded: g = €0, erior

Where: e =0.6 + d—e
10

Once each distribution factor is calculated, the appropriate factor is applied to the maximum calculated
moment in both positive and negative sections. Also, multiple lane presence factors are considered
according Article 3.6.1.1.2-1.
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2.6 Flexure

Once the distribution factors are determined, the first design step is to determine if the selected beam can
support the loads. When checking to see if the beam flexure criteria is satisfied, it is necessary to find the
neutral axis location and plastic moment. In the positive flexure region, there are three possibilities for
neutral axis location; in the concrete deck, in the top flange, or in the web. Each of these cases is checked
according to equations found in Appendix D6.1.

2.6.1 Positive Moment Flexure (Composite Only)

Case 1 (Neutral Axis in the web): If B +P, > P, +P,

D P-P-P
Then: Y = (%}*[% +1} from bottom of top flange

w

And: M, =(%J*[Y2+(DW—Y)Z]+[PSdS +Pd,+Rd]

w

Case 2 (Neutral Axis in the top flange): If B +P, +P, > P,

t P+P-P
Then: Y = (éj{w—‘s +1} from top of top flange

And: M = (ZPTCJ*[YZ +(t, —Y)2]+[F’sdS +Pd, + Ptdt]

C

P

S
S

C
Case 3 (Neutral Axis in the deck): If P, +P,+P. > (tﬂj

P+P,+P
Then: Y = (tc)*{%} from top of deck

S

Y*P,
And: M, =[ SJ+[PCdC +P,d,+Pd,]
2 S
Where: P, =0.85f,"b.t,
Pc = fycbctc
P, = f,,Dt,
R = fytbttt

Longitudinal reinforcement in the positive region is conservatively neglected.

Once the neutral axis and plastic moment are determined, the nominal flexural resistance is found using
Article 6.10.7.1.2.
Nominal Positive Moment Resistance:

M,=M, if D, <.1(D+t,+t,)

.7D
Otherwise: M, =M o 1.07——P
D+t +t,
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The yield moment is then calculated following Appendix D6.2
Yield Moment:

M M
M ZI:f —— :ISBot_III+MDL1+MDL2

y y
X Bot_II
m, <1.3m, Article 6.10.7.1.2

After the beam resistance is found, it is compared to the maximum factored moment created by the
applied loads using Strength | load factors. Recall that the moment Mpc; is from the simply supported
dead load one and all others are calculated as a continuous beam.

M, =1.25M ., +1.25M ., +1.5M,, +1.75M |
M, <¢M,
Where: ¢=1.0

If the nominal moment is greater than the imposed ultimate moment, the beam satisfy positive moment
flexure.

2.6.2 Negative Moment Flexure (At Pier Bearing Location Only)
The negative flexure check is very similar to the positive region check. Again, the location of the neutral

axis is found to determine the plastic moment capacity, and therefore nominal moment resistance. There
are two cases for the location of the neutral axis; in the top flange or in the web.

Case 1 (Neutral Axis in the web): If P, +P, >P, + P, +P,

D, \.[P.-P-P -P

Then: Y = (TWJ*{ ¢t 5 n__1b +1} from bottom of top flange
. I:)W *[ 2 2]

And: Mp - E Y +(DW_Y) +[Prtdrt+Prbdrb+Ptdt+Pcdc]

w

Case 2 (Neutral Axis in the top flange): If P, +B,+P, > P, +P,

t P+P-P. —-P
Then: Y:[éj{ w e~ T +1}from top of top flange

t

R

And: M 0 :(2t ]*[YZ +(tt —Y)2]+ [Prtdrt + I:)wdw + Pcdc]

t
Nominal Negative Moment Resistance:
M,=M,

M, <g¢M,

Where: @ =1.0
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Again, the nominal resistance is compared to the maximum factored (negative) moment generated by the
applied loads using Strength I load factors, to determine if the beam was satisfactory. In the negative
section, there is no flexure from dead load one.

2.7 Shear

The next design step is to check the shear capacity of the girder compared to the shear created by the
applied loads. When looking at the shear capacity of the web, it is concluded that all logical rolled beam
sections within the specified span lengths are compact, and therefore C, in the following equation will
equal 1.

Nominal Shear Strength of an Unstiffened Web: (Article 6.10.9.2)
V,=0.58F AC,

The nominal shear strength is then compared to the shear of the live, composite, and non-composite dead
loads with Strength I load factors to verify the beam will pass the shear check.

Vu < ¢Vn
Where: &#=1.0

To assure the web will be satisfactory, various web properties are checked. These follow Appendix
B6.2.1, respectively.

Web Proportions:

D, <6.8 E
tW fyc

D <150
tW

N

<

[EEN

D, <.75D

cp —

Compression Flange Properties:

2.8 Stress

The final limit states evaluated are the stresses in the compression and tension flanges in both the positive
and negative moment regions. Following Article 6.10.4.2, the permanent deflections of each flange are
calculated. To calculate the resulting stresses, it is necessary to find elastic section properties for the
selected beam. A sample calculation for finding elastic section properties is found in Appendix A, Sample
Calculations. The following equations hold true for both the positive and negative stress regions.
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Tension Flange:

- Mon f o= Mo, fo= My
DL1 — S DL2 S LL S
X LongTerm ShortTerm
Compression Flange:
f _ M DI1 f _ M DL2 f _ M LL
DL1 — S DLZ_S LL_S
X LongTerm ShortTerm

After all flange stresses are determined, they are compared to 95% of the yield strength, 47.5 ksi. In most
cases, the bottom flange controls the design in either the positive or negative moment region.

2.9 Summary
In the design process described in this paper, three main limit states are checked: flexure, shear, and
stress. Each limit state is calculated to verify that a given rolled steel girder will carry its self-weight,

deck, composite dead loads, and traffic loads. The lightest beam, measured by weight per linear foot,
satisfies all conditions and is used in this paper’s subsequent calculations.
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3.

3.1

DEVELOPMENT OF DESIGN SOFTWARE

Introduction

This section outlines how the rolled girder design software package in this study is created. An Excel
spreadsheet is developed to take a user’s input of bridge data, span length, width, number of girders, slab
thickness, etc, and output the lightest shape required to support the loads. The girder selected from the
automated process is subjected to all design steps outlined in Section 2.

3.2

Assumptions

As mentioned in the simple made continuous design summary in Section 2 of this report, due to the
limited scope of this project and report, the following issues are not considered/included:

3.3

For the span ranges considered in this project, the use of the Colorado Permit Vehicle is excluded
for both single and multiple lanes during the analysis and subsequent girder selection process.

A deck pour analysis is not included in this study because the results of the study, i.e., girder
selection, are intended at this stage for preliminary engineering.

Fatigue stresses are not checked in the connection plates at the top and bottom when required.
Load and resistance factor rating (LRFR) is not considered in the analysis.

Optimized shear stud spacing is not considered in the analysis. The shear stud spacing is assumed
or user specified since this is intended as a preliminary engineering procedure for cost estimation.
Variable internal diaphragm spacing is not considered in the analysis to obtain the optimized
girder section.

Shear lag at the simple made continuous connection, i.e., the interior supports, are not considered
due to the limited scope of work.

Data Input

Gathering general information about the bridge is the first step in the design of the girder selection design
software. Some of the major design criteria required for the calculations include the longest span length,
full width, number of lanes available to traffic, slab thickness, overhang length, and the number of
girders. Refer to Figure 3.1 for an example of the basic input data.
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Input Data

Oenotes Required Field

12 Longest Span Length L a0 Ft il
13 | COOT Spec. Full Width W 44 ft 1
14 | Subsection 8. Slab Thickness L | in

15 Haunch Thickness by 0.75 in

16 Fw' Surface Thicknes: k 4 in

i ‘ield Strength Cone. f 45 k=i

15 ‘field Strength Beam f, Al k.zi

13 ‘ield Strength Febar [ EQ (5]

20 Mo, of girders I, 4

21 Girder spacing 5 13.00 ft

2z Cverhang d, 25 ft Ok
23 # of rails 2

24 Fail Wwidth 15 ft

25 AreaFebarin TopSla A&, a5 int

25 Area Bebarin Bottor A, 4 in®

27 D=t from top conc bo kop rebar 258 in

24 Dii=t From bop cond to bot rebar T in

23 E. 29000 k=i

G0 Article Mumber of Lanes Loaded 2

3 4E2E] Aug Duaily Traffic ADT ERO0

et Int Diaphragm Spacing 14 ft

o5 Ext Diaphragm Spacing 12 Ft

G Earrier Weight 482 |bsirt

35 End Input Data

6 Lane Load « OL2 151 kipsfi

k< Modular Ratio n T.A2

38

bk Total Length 4680 ft

40 Effective Flange Width 5.3 in

41 Additional Information

4z Diaphragms and Bearing=s Channel diaphragms [C15 2
45 Simple bearings

44 Shear Studs in row 3

45 Aug price of Mucor Y amato $0.46

45 W36 135 - 266 per pound

a7

Figure 3.1 Data input in girder selection design software.

The additional information section in the spreadsheet allows the user to select information that could
affect cost, such as diaphragm type.

3.4 Girder Sizing

It is important to incorporate each AISC (American Institute of Steel Construction) wide flange beam into
the software. This is true because every time the program is run, each cross section is subjected to all the
design parameters described in Section 2.

3.5 Global Stiffness Analysis Program

After the bridge data is entered, the maximum and minimum shears and moments need to be determined
using the extreme force effects stated in Article 3.6.1.3. An executable file, CSU-CBA.exe, is written
using Delphi 7 to create a global stiffness analysis engine, which is linked to the spreadsheet. The global
stiffness program was written by Thang Nguyen Dao, a Ph.D. candidate in the Department of Civil
Engineering at Colorado State University. This program enables a user to freely create any number of
spans and span lengths for the superstructure as displayed in Figure 3.2.

18



(= =Sy B

Figure 3.2 Global Stiffness Analysis Program CSU-CBA.

The program is designed to be as user-friendly as possible, while still allowing field professionals to find
it useful. Some examples of this are different material choices, a variable distributed load (lane load plus
composite dead loads), and point loads that are able to be changed based on HL-93 truck data. This
includes input for multiple trucks to be run across with user specified spacing. For example, if the user
wanted 50 foot spacing between the rear and front axels of two 28-foot trucks, 78 feet would be entered
into the second truck position box.

Primary Load Cases x|

Distributed Lnad:|1.1ﬂ kipsfit Truck running step: |1 ft

Load Coefficient: |1 Load Coefficient: |1 3

Truck Froperties: Truck table:

ID |Wheel Positions [ft) Wheel Loads [kips] Truck ID Trmuck Positions [it)
| 0000 8.000 1 0.000

2 (14.000 32.000 2 |?B_I]I]I]
3 |28.000 3J2.000

Add Wheel Delete Wheel | Add Truck | Delete Truck |

Cancel |

Figure 3.3 Live Loads into Global Stiffness Analysis Program.

Another advantage built into the program is the ability to change from US units to Sl units, if desired by
the user. The program defaults to US units, but any unit can be changed. For example, moments can be
changed from Kkip-ft. to kip-in. to kKN-m. It is important to note that the Excel program will only handle
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the default units of the global stiffness analysis program. However, the global stiffness routine is a stand-
alone program and can be used without the spreadsheet.

Once all data is entered into the program, the user executes the program, and the maximum moments and
shears are calculated for the loading conditions provided. Figure 3.4 shows what the moment and shear
diagrams look like with simulated composite dead and live loads.

o (]

1 S ez
LU e |

)

Truck Live Load Analysis

pe/it = 118 kips/it

100k 1 a0t

Shear
Diagram
(kips)

Moment
Diagram
(kips-ft)

Figure 3.4 Shear and Moment Diagrams with Traffic and Dead Load Two Loads.

UNIT; Spani ft Section: in Force: kips Mament: kips-Ft Distributed Load: kipsfft E: psi Density: kipsffta

After the maximum and minimum moments and shears are determined, the user is able to save the data,
and a file called “Results.txt” is automatically updated in the same directory. This text file is later
imported into the Excel spreadsheet.

3.6 Excel Macro

This study revealed that the most efficient way to write a program to minimize bridge girder sizes in
Excel is to create a macro. The macro is called when the image in the Beam Analysis tab is clicked. Once
the macro is executed, it opens the global stiffness analysis program. The user inputs the data into the
program and extreme values are found, as described in Section 3.4. After the CSU-CBA.exe file is closed,
an import file textbox automatically appears in Excel. The user then selects the “Results.txt” file, from the
directory where the CSU-CBA.exe file is located. Once the extreme force results are imported, the macro
cycles through each AISC wide flange shape. Each shape is checked using all of the design parameters
specified in Section 2. Every time a new shape is run through the macro, values such as nominal
resistance moments, moment distribution factors, and neutral axis locations are recalculated. If the shape
passes all design checks, it is saved on the spreadsheet. Conversely, if it fails one of the design
parameters, it is discarded. Finally, after all shapes are tested, the macro sorts all passing shapes based on
the lightest weight, as seen in Figure 3.5.
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A =] | C | O | E | F | G | H | | il | K | L | 1 |

Design of Simply Supported Rolled Steel Girders Made Continuous Over Pier:

Wasxaa
WiEam
WIIRIED
SIS
WA

Pick Your REolled Girder

Click on the image

WEEHI0 - ] = -r, USE CONTINUOUS BEAR
Weight bres ol EBF Ty T BFi2TF HITW I Loy Sx E.
Tosift in’ in in in in in' in' in' in
199 585 387 158 0.85 107 739 528 14300 369 1 1a
Input Data Denotes Requived Field Eolled shapes which will satisfy load demands Diaphragms
Span Confipuration L-L Select how many remlts to shoer 1 Eeq'd
Ll:;rlgest Spfuanength L 100 ft M Y Weight (Tbs) !
Full Width wr 44 ft w40 i 199 258700 39
Slab Thickness t. .5 in M W40 X 211 274300
Hanneh Thickness t, 0.75 in W40 4 215 272500
Asphalt Thickness t, 2 in TWad e 230 292000
Tield Strength Cone. . 4 ksi W36 4 251 300300
Tield Strangth Beam f, 50 ksi WIS X 232 301800
Tield Strength Rebar £ 80 ksi W40 X 235 305500
No. of girders H, 5 W35 = 241 315300
Girder spacing 5 r 925 ft WIS X 247 321100
Overhang d. 35 ft W40 X 249 325700
# of rals 2
Fladl Width 15 ft
Area Bebar in Top Slab i 3.5 i
Ayes Rebar in Bottom i 4 in'
Trist fram top cone to top rebar 2 in
Dist from top cone to bot rebar 6 in Passing shapes are
E, 22000 ksi :
Article Mumher of Lanes Loaded 3 SO rted In Order Of
46251 Avg Daily Traffie ADT 6500 lightest weight.

Int Diaphragm Spacing 12

™ 14 ~

Figure 3.5 Output of Lightest Girders from Girder Selection Design Software.

3.7 Excel Design Calculations

As is mentioned above, for a given bridge design, each AISC wide flange rolled beam section is put
through the design parameters described in Section 2. In the Excel spreadsheet, the design is broken down
to three basic categories: Flexure, Shear, and Stress. The following figures depict what the design section
of the spreadsheet looks like on completion.

The calculations are based on the imported data from the global stiffness analysis program. This data is
imported into the ‘analysis results’ section of the spreadsheet and broken into DL1, DL2, and LL
components. Because the global stiffness analysis program takes the distributed load input as one
parameter, when the distributed load moments and shears are imported they are broken down by ratios to
the total continuity distributed load. In Figure 3.6, the factored moment seen in the right column is not
necessarily the moment used in the flexure, shear, or stress calculations. This table is provided for the user
to see the unfactored moments and the load factors that can be applied.
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Article

LUse Strength I Factors

316122 Use IM Factor [w]Use Service 11 Factors
Moment
Strength | Distribution | Factored
Unfactored Moment 11 Service |l | Factor Moment
Positive Moment kip ft kip ft
Truck Live Load 1084.87 1.33 13 1.75 0.704 2309.4
Live Lane Load 362.88 1 13 1.75 0.704 5805
Dead Load Il 89.62 1 1 1.25 112.0
Future Wearing Surface 199.55 1 1 1.5 2993
Dead Load | 1277.36 1 1 1.25 1596.7
Shear
Truck Live Load 7251 1.33 1.75 0.704 164 4
Live Lane Load 36.00 1 1.75 0.704 57.6
Dead Load Il 5.04 1 1.25 11.3
Future Wearing Surface 19.80 1 1 15 29.7
Dead Load | 56.77 1 1 1.25 70.96
Negative Moment
Truck Live Load -1187.13 1.33 1.75 0.704 -2627 1
Live Lane Load -648.00 1 1.75 0.704 -1037 1
Dead Load Il -160.04 1 1.25 -200.0
Future Wearing Surface -356.34 1 1 15 -534.5
Dead Load | 0.00 1 1 1.25 0.0

Figure 3.6 Extreme Results Data.

22




3.7.1 Flexure

12 | Appendic Flexure

|63 De.l Caleulation of Positive Plastic Moment and ¥ Case 1 F+F 2F +F

164

5 P - 24965 | kips |P, =0857.'bf 393 in V= [&] u{m+ ]}

168 F, = 8453 | kips |P.=f.bi 028 m 2 B

| 57 | .= 11882 | Jips |P =f.D¢ 1852 in M =[i]*[y= +1D, -7 |+ [Pd +Pd +Fd]
168 P, = 8453 kips [P =f A%, 3702 o T I, " A d e,
= 549 n Case 2 F+P +P 2P

|70 Case 2 46.95 in (f] [F e lp ]

7 Ductility Pass F= | =[] ———+1

& S T 2 F

= From Top of Top Flange M__=[P_]*[}r:+(1_nz]+[Pd wPd, +Fd]
174 1, = [ 64324 lkipin | "ol ' [ N
5 .= | s3603] ki | Case 3 F+F +F z|5 |
| 76 | Axticle i
|77 610712  Nominal Flexural Resistance Y= [u]

(s - I L0] | M =M_ f D _SND+i +) L&

= [®Mn=_ | 50565] kipft | atherwise [ 7D ] 7[2}[‘“. +Pd 4Pd ]

120 M =M 107 - ————— 2

| Apperdic  Yield Moment Dt +1, :

2 |DE.2 M= [ 43920 kipht | M o=

153 sing Strength [ fartars

B T ]S._

|85 | Table o

|6 (5412 Using Strength [

2 Positive Flexure Region

2 2314.1] kipht

=2 2036.2] kip ft

180 335.4] kipft

L1 |

12 M, = [ 46857] hipft | M =1250M, +1350, ., +150M,, +17504

=

1o |

| 195 | Pass Positive Flexure Check A, <,

[ 136 | Appendix

| 197 |Dé.1 Calculation of Negative Plastic Moment and ¥ Cael PR +P ZP+P 4P,

182

199 4= 16.18 in r =[%]"‘[P' 5 PP < +1]

200 D, = 2453 kips |F.=f b1 d.= 25.74 in P )

E .- 11882 | kips |P, =f I 4~ Wik n M,= [ v *[}’2 +(D, - ]+[Pndx + B+ Bd,+ Bd.]
EA F. = 8453 Yips | =SB4, 4= 11389 in 2,

| 203 | P.= 240 kips 4= 14.68 in Case 2 P +F +REzF, +F,

ﬂ P.= 210 kips d.= 1288 mn : P 4P _P P

| 205 | Article Case 1 D, = 2068 in ¥ =[5]*[ 7 +1]

206 |6.10.7 3 [F= [ 113 | i | D = 46.95 in
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F_igu re 3.7 Positive and Negative Flexural Check in Spreadsheet.

When looking at both the positive and negative flexure sections in Figure 3-7, notice when the nominal
flexural resistance is greater than the maximum factored moment, the spreadsheet reads “Pass Positive
Flexure Check” and “Pass Negative Flexural Check.” The column on the left side of the spreadsheet
references the appropriate section of the AASHTO LRFD Bridge Design Specifications. Supporting
equations are also listed to the right side of each calculation.



3.7.2 Shear
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Figure 3.8 Shear Check in Spreadsheet.
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The shear design takes the point of largest shear created by applied loads and compares it to the properties
of the unstiffened web. As the macro cycles through each rolled shape, the nominal shear resistance
changes. The spreadsheet outputs “Pass Shear Check” until the nominal shear resistance drops below the
maximum factored shear. Web properties, such as web slenderness, are confirmed as “ok™ according to
Appendix B6.2.1. The program also determines if bearing stiffeners are required.

3.7.3 Stress

Elastic Section Properties
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To calculate the generated stresses, it is necessary to first find elastic section properties for the selected
beam. A sample calculation for finding elastic section properties can be found in Appendix A, Sample
Calculations. As seen in Figure 3.9, the elastic section properties are calculated for the short term
composite, long term composite and negative sections. From the elastic section properties, the permanent
deformations (flange stresses) are determined (Figure 3.10). The spreadsheet first determines the stress in
the top and bottom flanges in both the positive and negative maximum moment sections. Each of these
stresses is then compared to 95% of the steel yield stress, 47.5 ksi. If each flange stress is below 95% of
the yield stress, a “Pass Positive Stress Check” and “Pass Negative Stress Check” appears on the
spreadsheet.

3.8 Summary

During this project, a software package for the design of simple made continuous steel bridges is
developed. The program is created in Microsoft Excel and utilizes a macro to output AISC wide flange
shapes that satisfies the AASHTO LRFD Bridge Design Specification, based on user-inputted bridge
data. For a complete design, the user may also utilize a separate program to check if a selected rolled
beam will support a Colorado Permit Vehicle. Appendix F contains a user’s manual for this program.
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4. DESIGN CHARTS

4.1 Introduction

This section describes how the design charts and design tables are created and how they are used to
rapidly determine the rolled steel section type and erected cost of the bridge in Colorado. The design
charts require assumptions that affect the results. It iss also important to find a way to update the steel cost
data so the design chart can be updated routinely and not become obsolete.

4.2 Design Charts

Several different design charts are created in this study to outline the structural steel weight compared to
number of girders used. The charts are made using a variety of span arrangements. These spans lengths
range from 50 to 120 ft. with different ratios. Charts are created for simply supported, two span, and three
span bridges. The longest span of 120 ft. is chosen because the simple for dead load, continuous for live
load method using rolled sections becomes financially ineffective above this length, in large part because
field splicing is required because of shipping limitations. Also, shipping a girder longer than 120 ft. may
not be feasible in many parts of Colorado. The CDOT bridge design manual subsection 10.2 states that
the maximum preferred length of a steel girder without a field splice is 100 ft., but several steel girders up
to 122 ft. have been shipped (CDOT 2002). With this requirement in mind, any span longer than 100 ft.
will most likely require a costly field splice. Because this project seeks the design resulting in the least
expensive alternative, sections exceeding 100 ft. should be selected on a case-by-case basis because of
their potential to be financially viable. Three different out to out widths are used for each of the span
arrangements in the design charts. These widths are 39 ft., 44 ft., and 60 ft., based on recommendations
from CDOT project study panel members. Each line on the chart depicts how the weight per sqg. ft.
changes as the number of girders increases. Span lengths can also be compared to determine if and how
weight per square foot escalates as the span length is increased. An example of a two span design chart
can be seen in Figure 4.1. All other design charts can be seen in Appendix B.

Two Span Design Chart

40.00
Full Width: 44 ft
35.00 Slab Thickness: 8-9
& in
e W40x21 _
530.00 o WA0x32 ‘g’""””" — FW Surface: 4 in
’ .
2 5 0o L Waox2? W40x21 Wa0x18 Overhang: 2.5 ft
e L T W36x16
X -
3 20.00 él\mom — i Y33x13 =#=50 - 50 span
o~ 40x14 )
= = = jvc\)/goxlo —8—60 - 60 span
15.00 o )
30x99 W27x84 =70 -70 span
10.00 - =>&=80 - 80 span

4 5 6 7 ==3t&=90 - 90 span

# of Girders 100 - 100 span

Figure 4.1 Example of a Two Span Design Chart.
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The rolled beam sizes under each point represent the lowest size girder that is adequate to support the
imposed loads, using the assumptions listed below.

Analysis is also conducted in this study to determine if the results in the design charts can be interpolated
in any way. After examination, results are inconclusive. In some cases, weight per square foot can be
interpolated between span lengths. In other cases, the minimum girder size between two points is very
close to being the same as one of the bounds. Consider the case of a 95 ft. — 95 ft. two span bridge with
the same properties as the design chart in Figure 17. Results for the weight per square foot using four and
six girders are very close to being linear interpolations between the 90-ft. and 100-ft. two spans. But
when using five girders, the minimum girder size is only 2 Ibs./ft. less than the 100-ft. span, and therefore
the weight per square foot is almost the same. The near intersection between the spans is shown in Figure

4.2.
Two Span Design Chart
40.00
Full Width: 44 ft
35.00 Slab Thickness: 8 in
&£ ' 1 FW Surface: 4 in
g30.00 S Overhang: 2.5 ft
8.25.00 S
B 4 =4=—50 - 50 span
520,00 — A
* 15.00 j —8—60 - 60 span
10.00 =70 - 70 span
4 5 6 7
# of Girders =3¢=80 - 80 span

Figure 4.2 Linear Interpolation between a 90-ft. and 100-ft. two span bridge.

The same analsyis is performed to see if interpolation can be done between full widths and the results are
similar to what is mentioned above. In some cases, linear interpolation between widths was very close,
but in others the minimum girder size is either the same or very close to the same. Because the
interpolation does not hold true for all cases, it is recommended that interpolation not be used for design,
but could be used to bound a bid, if needed.

42.1

Assumptions

8in. -9 in. slab with 4.5 ksi concrete along with a 4 in. future wearing surface based on CDOT
bridge design manual subsection 8.2 [CDOT, 2002]

Two 2.5 ft. overhang, where possible based on CDOT subsection 8.2 policy of an overhang less
than the centerline to centerline girder spacing divided by 3 (S/3)

Two 486 Ibs./ft. barriers with 1.5 ft. width

C15 x 33.9 diaphragms

18-ft. interior and 12-ft. exterior diaphragm spacing

Five in. x 7/8 in. shear studs with three studs in a row using minimum spacing throughout the
length (6*dia. = 5.25in.). In the field, spacing will vary depending on the shear force range.
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e Two design lanes when out to out width is 44 ft. or less, three design lanes for widths greater than
44 ft.

e Exterior girder controls design for future bridge widening if necessary

e Diaphragm and diaphragm erection costs and weights gathered from NSBA (National Steel
Bridge Alliance) (Schrage 2007)

e Beam weight greater than 124 Ibs./ft. and less than 331 Ibs./ft. for cost per square foot estimations

o  Girder cost per pound varies by weight (Roscoe Steel and Culvert Quote Billings, MT) Ranum
2007)

e Cost of erection $.065 per pound (Structures Inc. Quote Denver, CO) (Jackson 2008) with $.03
per pound contingency

It was determined during a meeting with members of the CDOT bridge research study panel that an in
depth analysis of the shear stud spacing would not be necessary. A shear stud spacing plan would be done
in a more detailed design. Because of this, it is conservatively estimated that shear studs will be spaced at
the minimum of six times the diameter of the stud. In the analysis of a two 90 ft. span composite | beam
steel bridge by HDR Engineering and AISC, (HDR Engr AISC 1997) shear studs are designed with an
average spacing of 8.4 in. Using the same dimensions as the example, four girders with a 37 ft. out to out
width, it is determined that the structural steel weight is 28.97 Ibs./ft.? using a minimum stud spacing of
5.25 in. When this value is compared to that when using an average spacing of 8.4” from the example,
28.73 Ibs/ft?, one can see that using minimum shear stud spacing compared to average spacing is only
nominally different.

Two design lanes are specified in the charts because two lanes carry a higher moment distribution factor
than three design lanes. This is true because of specifications that the exterior girder controls the design
and the special analysis of C.4.6.2.2.2d for each of the cases examined is the controlling moment
distribution factor. Using the two lane moment distribution factor allows for a slightly more conservative
estimation of the girders required, but in some cases do not make a difference because the moment
capacity of the girder is greater than the maximum factored moment created by the loading for both lane
sizes. For more information on the special analysis procedure see Section 2.5.1.

For the design charts and tables, a variable slab depth is used depending on the spacing of the girders.
According to the CDOT bridge design manual subsection 8.2, the minimum thickness of the deck is 8
inches (CDOT 2002). This is due to thicker slabs showing higher performance and longevity compared
to a thinner slab (CDOT 2002). CDOT also requires that the minimum thickness of the slab increases
with girder spacing. An 8 in. deck can be used until the girder spacing reaches 9 ft. At this point, deck
thickness changes by a ¥ in. until a 9 in. slab thickness is required with girders spacing greater than 11.5
ft. (CDOT 2002).

4.3 Design Tables

The design tables in this study are made using the same span ratios used in the design charts. The tables
show the different span lengths, along with bridge width, number of girders, girder spacing, slab depth
and overhang length. They then provide the five lightest shapes for the given span arrangement and their
size and weight. A cost per square foot and the weight of the structural steel per square foot is also listed
in the tables. The tables are organized by span arrangement and each contains four to eight girders similar
to the design charts. Figure 4.3 depicts the design tables. All design tables can be seen in Appendix C.
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Two Equal Span Design Table — 44 ft width

50— 50 ft span 70— 70 ft span
Erected Erected
Costper Coat per
Weight |Square [Founds per Weight |Square |Pounds per
Nominal per linear|F oot S quare F oot Komnal per linear|F oot S quare Foot
Depth foot [Steel) Steel) Depth foot (Stesly Steel)
Full Width w 44 | ft| W3 | X 116 31330 1428 Full Width X 44 [ fi | was L 12 S1R5] 2022
LongstSpan | L 50 | fr| W3 X 118 51345 1448 Longest Span | L 0 [ft] W4 |E 185 i1368 2032
No.of girders | Hb 4 w3 (X 14 31386 15.01 No.of girders | ¥b 4 Wi§ |E 134 51953 2132
Cirder spacme] = 13 | & Wi 4 126 §]1438 1545 Girder spacmg| 2 13 [ ft W4 | E 1498 31223 3177
Overhans ds 1 it | w3 (X 130 31448 5.55 Overhans &z 23 [(f] Wi X 201 22009 11835
Erected Erected
Cost per Coat per
Weight |Square [Pounds per Weight [Square |[Pounds per
Nominal per linear|F oot 5 quare F oot Kommal per linear|F oot 5 quare Foot
Depth oot (Steel) Steel) Depth foot (S teely Steel)
Full Width v 44 |f| W3 |X 55 314327 1484 Full Width w ft | W4 X 148 11241 1044
LonmestSpan | L 50 |fr| WIT O|X 10 314358 1518 | Lonzest Span | L 70 [ft] W35 |X 150 E1951 055
No.of girders | Nb 5 WM [H 104 $1480 1541 No.of girders | Mo 5 Wi X 52 51871 20.78
Girder spacimg] & 875 | fr ] W30 [ 108 §1529 15.87 Girder spacnz) 2 875 [ fr] W35 [H 160 2053 11 69
Ovarhans ds 1 ft | Wi (X 114 SL3E6 16.55 Overhans dz p] it | W4 X 167 ) ] 1245
Erected Erected
Cost per Cost per
Weight |Square [Founds per Weight [Square |Founds per
Nominal per linear|F oot S quare F oot Kommal per linear|F oot 5 quare Foot
Depth foot (Ste]) Steel) Depth oot (Steely Steel)
Full Width w 44 [ft ] WIT |E 24 31480 1502 Full Width W 44 [ft] Wi X 130 E056 1118
LongstSpan | T 50 || W3 |X 20 §1558 1583 Longest Span | L 0 [fr] W3i§ X 135 22118 21.87
No.of girders | Nb & war (X o4 F1600 1638 No.of girders | Wb & I Y 141 2197 13 69
Girder spacimz] = I lf] wa X 24 31609 1538 Girder spacnz) 2 TE [fr] W3 X 148 2377 13.54
Overhans ds 15 |ft| W3 |X 58 $1673 17.06 Overhang dz 15 [f| wa |XH 148 180 1378
Figure 4.3 Example of a Two Span Design Table.

4.4 Updating the Steel Costs

The price of steel fluctuates month to month, so it is important to determine a way to keep the cost per
square foot provided in the summary report up to date. During this 2011 research, several steel fabrication
companies close to the Colorado area were contacted for associated costs of fabrication and shipping
different size girders to a potential project site. After this data was collected, it was evident that Roscoe
Steel and Culvert in Billings, Montana, and Big R Manufacturing in Greeley, Colorado, had provided the
most competitive quotes. To update the cost of the steel every month, it was discovered that Nucor
Yamato posts a raw steel price monthly for several shapes and sizes of rolled beam sections (Nucor-
Yamato Steel 2008). To account for this monthly change, a cell is added to the girder selection design
spreadsheet (see Section 3) where the Nucor Yamato raw steel price is input. Because Nucor Yamato
revises steel cost data for many different sizes and weights, the most accurate steel price for this research
is the average cost of a W36 girder with weights per foot between 135 and 256. The fluctuating steel price
is coupled with the cost of fabrication gathered from Roscoe Steel and Culvert to generate the cost of a
beam per pound. Fabrication costs include Grade 50 weathering steel, bearings, holes, and other general
fabrication requirements. Next, erection costs are collected from Structures Inc. of Denver, Colorado.
Structures Inc is the contractor that assembled a simple for dead load continuous for live load rolled steel
girder bridge near Watkins, Colorado, mentioned in Section 1. They indicated that it would cost about
$0.065 per pound of steel to erect the structural steel (Jackson 2008). A three cent per pound contingency
is added onto this cost to bring the total erection costs to $0.095/Ib. Diaphragm costs for both material and
assembly are taken from Calvin Scharge, regional director of the National Steel Bridge Alliance. Costs
for several types of diaphragms are determined. Specifically, these are cross frames, either k or x, C15 x
33.9 channel diaphragms, and bent plates. Bent plates are only available in lengths less than 10 ft.
(Schrage 2007). In general, channel diaphragms provide the best economy. The erection cost of a channel
diaphragm is $60 per channel, while the material costs are dependent on the girder spacing (Schrage
2007). This data is used for the values seen in the design tables. The cost per square foot on the design
tables is current as of April 2008 and is based on a Nucor Yamato average base steel price of $0.46. This
equates to a fabricated girder price between $0.79-$0.88 for girder sizes between 331 Ibs./ft. and 124
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Ibs./ft., respectively. The total erected cost of the beams, $0.095, is added onto the fabricated beam costs.
These prices do not include diaphragm material or erection costs, which will vary between each design
table.

4.5 Summary

In this study, several design charts and tables reflect the structural steel weight per square foot of deck for
a rolled steel girder bridge designed as simple for dead load continuous for live load. These charts and
tables show how the amount of steel required changes as a function of span length. Each chart and table
also provides the minimum wide flange shape required to support the deck and traffic loads such that it
meets the AASHTO LRFD Bridge Design Specifications. The price of steel fluctuates month to month, so
a method was developed to update the steel price from Nucor Yamato steel price charts.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Report Summary

This research focuses on the cost effectiveness of a rolled steel girder bridge system, using an innovative
design method. The girders are designed as simply supported for the self-weight and wet concrete. They
are then made continuous at the piers using different methods to establish continuity, including a concrete
diaphragm or welded connection plate to connect the two separate girders. After the girders are made
continuous, they shared the superimposed dead loads (rails, future wearing surface, etc.) and the traffic
live loads. Through an extensive literature review, this method has proved to be a cost effective solution
for steel bridges because of the elimination of field splices. A software package developed for this study
takes user-inputted data such as span lengths, out to out width, number of girders, and overhang along
with various other inputs, and it outputs the lightest wide flange shape that will satisfy the loading. The
girders are designed using appropriate provisions from the AASHTO LRFD Bridge Design Specifications
4™ edition 2007. Bridge loadings use a standard lane load of 640 Ibs/ft and HL-93 design truck(s)
following AASHTO design provisions. These loads are input into a global stiffness analysis program
from Colorado State University called the Continuous Beam Analysis (CSU-CBA). The global stiffness
analysis program determines the maximum and minimum bending moments and shears, which are
imported into an Excel spreadsheet. The results are factored using AASHTO LRFD Bridge Design
Specifications and compared to flexural, stress, and shear resistance values for all AISC wide flange
shapes. Shapes that support the applied loads are displayed with the lightest shapes first.

Design charts and design tables are also presented in this study for several one, two, and three span steel
bridges. Each span arrangement for the design charts and tables is made using full widths of 39 ft., 44 ft.,
and 60 ft. Each chart and table depicts how the steel weight per square foot changes as the number of
girders is increased, as well as providing the lightest wide flange shape required to support the deck and
traffic loads. These charts and tables also illustrate how the required amount of structural steel changes
when different spans are used. Finally, steel fabrication and erection cost are presented from regional steel
fabricators and bridge contractors. This cost information led to an accurate measurement of the cost per
square foot for the structural steel of a bridge to be built in the state of Colorado.

5.2 Conclusions

Many conclusions can be drawn from this report. First and foremost, it can be viewed as successful when
results are compared to in-field examples. When bridge data from the Box Elder Creek Bridge (section
1.3.5) is entered into the girder selection design software, a W33 x 152 girder displayed as the third
lightest girder that would support the loads. The two lighter shapes have a larger nominal depth and
because of flood restrictions in the area the 33 in. section is selected. A comparison can also be made with
the two span 97-ft. bridge in Nebraska (section 1.3.1) using four girders, W40 x 249. Using the
assumption that it is designed with a 4 in. future wearing surface, the girder selection design software
outputs the lightest shape as a W36 x 247, followed by a W40 x 249. Through these trials, it can be
concluded that the software gives a very accurate representation of minimum girder sizes.

Because the software has been verified, a bridge designer can use it to get an excellent idea of what
minimum rolled steel section should be used for a given bridge, given it is designed as simple made
continuous. The designer can either pull up the appropriate design chart and size the girders or quickly
run the Excel software for a more complete analysis of a bridge system. In fewer than 10 minutes, an
experienced user can input the data for a given bridge and have it output the minimum girder sizes with
supporting calculations. Next, it serves as a great tool to compare a rolled steel girder bridge to a precast
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concrete bridge, especially with the competitive market in Colorado. The design charts will aid the bridge
type selection process by giving designers an accurate measurement of minimum steel requirements for
numerous one, two, and three span steel bridges. Overall, this research has provided CDOT and others
who will use the software or design charts with a tool that will facilitate the construction of innovative
steel girder bridges.

5.3 Recommendations for Future Research

There are numerous topics in the simple made continuous design field where research can be expanded.
First, the same type of software could be created for a plate girder bridge system. Plate girders allow a
designer to optimize a steel section, rather than choosing a standard rolled section size. Plate girders can
also utilize much deeper web and flange sizes, therefore allowing for longer spans or fewer girder lines.
Other research could focus on a way to make field splices less expensive. If field splicing were
economical, longer spans could be called for and designed as continuous throughout, leading to smaller
sections. Finally, research could be developed to incorporate skewed pier sections, elevation changes
between abutments, and curved sections into the simple made continuous design method. In the future, if
these different types of steel girders bridge systems are researched for cost effectiveness, it will make
steel girder bridges a very attractive alternative in bridge design.

5.4 Recommendations for Engineers

After using the software and selecting an appropriate girder size, there are several considerations an
engineer should account for to provide a complete design. The following is a list of factors that should be
considered for design.

o Before the girders are made continuous, the unbraced length should be short enough to satisfy
lateral torsional buckling effects. If the limiting unbraced length is exceeded, the beam moment
capacity is reduced. A girder erection analysis should be performed for a selected non-composite
I-beam with a given lateral-torsional bracing configuration.

e Construction loads should be monitored to not exceed what was designed for a dead load one.
This could include crane weight, screed weight and other construction loads. A deck pour
analysis shall be performed to check whether or not a selected non-composite I-beam is adequate
before concrete cures for unshored construction.

e Itisassumed that all logical shapes to be used are compact sections. If the shape is a W40x149,
W36x135, or W33x108, the designer should recheck the shear design because these shapes are
non-compact.

o A complete slab design should be completed. This includes rebar sizes and placements. Special
attention should be paid at the centerline of the pier. Because the top flanges of the two connected
girders are not touching, material needs to be provided to handle the tension of the negative
moment. This could include a top cover plate between the girders or sufficient reinforcement in
the deck.

e The design of the connection at the pier should provide full continuity. The designer should
consider the compressive force in the bottom flange and if a concrete diaphragm is to be used,
that the concrete is not crushed.

o If holes are to be cut in the web, the shear capacity should be checked with the net area of steel. If
holes are to be placed in the flanges, they should be at points with low bending moments.
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APPENDIX A:
SAMPLE CALCULATIONS

Design of a simple for dead load continuous for live load steel girder bridge

Three Spans: 80 ft — 100 ft — 80 ft

Out to Out Width: 44 ft

Number of Girders: 5

Slab Thickness: 8.25 in

Future Wearing Surface Thickness: 4 in
Girder Spacing: 9 ft 6 in

Overhang: 3 ft

Haunch Thickness: 0.75 in

Beam Yield Strength: 50 ksi

Concrete Yield Strength: 4.5 ksi

Selected Girder: W40 x 215

Interior Effective Flange Width

L 100ft«12

S=— T —300in
4 4

12t +——12*825m+
S—9.5ft*12f—t:114m

Exterior Effective Flange Width
106 9in 100ft*12—

158 _ 106.9in  Controls

% +1L It — 203.5 in
2int 4 6t +2 =2 6 8.25in + 159 _ 156.4 in
”mt +d, _ 1065in + 3 Ft * 12 M _g95in  Controls

Modular Ratlo
Es _ 290000ksi

E.  3824ksi

=7.58

n=—

Unfactored Loads

Dead Load One: Wet Concrete + Beam Weight + Haunch + Shear Studs
Dead Load Two: Barriers + Future Wearing Surface

Live Load: Lane Load (640 Ibs/ft) + Design Truck (HL-93)

DL1=.216 +1.217 + .005 = 1.437 Kips/ft

DL2 =.193 + .456 = .649 kips/ft

LL =.640 kips/ft + Design Truck

Moment and Shear Distribution Factors — Exterior Girder Control
Two Design Lanes
1.5ft

d, .
=077 +—% =077 + —2= = 0.935
¢ o1 T 91

0.6 0.2 0.1
K
Ginterior = 0.075+ i (Ej ; 3 =.0670
o5ft) (L) |1oLt,

9 = €Jinterior = 935 x.670 = .626
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Special Analysis
R=2 + XextZe _ 2 + L/ L 0.80 Controls for both moment and shear
Np Yx2 5  2%451.25 ft2

Calculated Maximum Moments and Shears using Strength | and Service 11 Factors

Moment
Strength | Distribution
Unfactored Moment IM Service |l [ Factor
Positive Moment kip ft
Truck Live Load 945.07 1.33 1.3 1.75 0.800
Live Lane Load 281.15 1 1.3 1.75 0.800
Dead Load Il 85.23 1 1 1.25
Future Wearing Surface 200.32 1 1 1.5
Dead Load | 1796.83 1 1 1.25
Shear
Truck Live Load 74.01 1.33 1.3 1.75 0.800
Live Lane Load 32.00 1 1.3 1.75 0.800
Dead Load Il 9.72 1 1 1.25
Future Wearing Surface 22.80 1 1 15
Dead Load | 71.87 1 1 1.25
Negative Moment
Truck Live Load -1101.01 1.33 1.3 1.75 0.800
Live Lane Load -525.91 1 1.3 1.75 0.800
Dead Load Il -159.42 1 1 1.25
Future Wearing Surface -374.71 1 1 15
Dead Load | 0.00 1 1 1.25

Flexure Calculations

Positive Plastic Moment and Neutral Axis
P, = .85f' bty = .85 x 4.5ksi * 89.5in * 8.25in = 2822.8 kips
P, = P, = fyb.t, = 50ksi * 15.8in * 1.22in = 963.8 kips
Py = fybwt,, = 50ksi * 36.56in * .65in = 1188.2 kips
Longitudinal Reinforcement in positive flexure was conservatively neglected

Case 2: Neutral Axis in Top Flange
P, + P, + P, > P, = 3115.8kips > 2822.8kips

17 _ (%) [%:—PS + 1] _ (1.2221'11) [1188.2k+222:2:—2822.8k + 1] =019 in

Measured From Top of Top Flange
Distances to the plastic neutral axis

ds = 5.06 in
dy = 18.70 in
d. =0.42in
d; =38.20in
D,=9.19in
D; =48.0in

P _ _

M, = ﬁ [Y? + (t, — V)?] + [Pd, + B, d,, + P.d,]
c

M, = 22?2'2’;1 [0.19in? + (1.22in — 0.19in)?] + [2822.8k * 5.06in + 1188.2k * 18.7in + 963.8k =
38.2in]

M, = 73767 kip in = 6147.2 kip ft
If
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Dp <0.1D; =9.19in < 4.8in
M, =M,
Otherwise

D, 9.19in _
M, = M, (1.07 - 0.7D—) = 6147.2k ft(1.07 - 0.7—) = 5754.1kip ft
t

48.0in
®M,, = 5754.1 kip ft
Yield Moment (See Elastic Properties for S values)

Mpc1  Mpc
M, = [Fy - —] Sst + Mpc1 + Mpco
Sne Sir
21562 kin 3426.6kin

859in3  1067.9in3

My = [50ksi -
M, = 4195.9 kip ft
M, > 1.3M, = 54547 kip ft

] 1169.3in3 + 21562 k in + 3426.6 k in

Factored Moments at Strength | from Table 1
Mu = 1'25MDC1 + 1'25DC2 + 15MDW + 1'75MLL+1M
M +m = 2153.3 klp ft
MDCl = 2246 klp ft
Mpcao+pw = 407 klp ft
M, = 4806.4 kip ft

M, < ®M,
4806.4 kip ft < 5454.7 kip ft < 5754.1 kip ft OK

Negative Plastic Moment and Neutral Axis
P, = .85f' bty = .85 * 4.5ksi * 89.5in * 8.25in = 2822.8 kips
P, = P = fyb .t = 50ksi * 15.8in * 1.22in = 963.8 kips
Py = fybyt,, = 50ksi * 36.56in * .65in = 1188.2 kips
Py = FytApe = 60ksi * 3.5in* = 210 kips
Py = FypAyp = 60ksi * 4.0in® = 240 kips

Case 1: Neutral Axis in Web

P.+ P, = P, + P, + P,, = 2152kips > 1413.8kips

> D\ [P;—Pt—Pyp¢—Py 36.56in) [963.8k—963.8k—210k—240k
YZ(E)[ tPWt b+1]=( 2 )[ 1188.2k
Measured From Bottom of Top Flange

Distances to the plastic neutral axis

ds=17.45in

d.=25.811in

dy=6.92in

dy=11.97in

d:=14.58in

dp=19.08 in

D, =21.58 in

D= 48.0in

+ 1] =11.36in

Py 1 =
Mp = 5 [Y2 + (D - Y)z] + [drtprt + derrb + dtPt + dcpc]

1188.2k

M, = s——==[11.362in? + (36.56in — 11.36in)?] + [210k * 14.58in + 240k * 19.08in + 963.8k *

11.97in + 963.8k * 25.8in]
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M, = ¢pM, = 56334.8kip in = 4694.6 kip ft

Factored Moments at Strength | from Table 1
Live Load Reduced 10% due to Article 3.6.1.3
M, = 1.25Mpcq + 1.25p¢, + 1.5Mpy, + 1.75M; 1411
MLm= -2584.4 klp ft
Mpci = 0 klp ft
Mpcospw = -761.3 klp ft
M, = 3342.7 kip ft

M, < ®M,,
3342.7 kip ft < 4694.6 kip ft OK

Shear Calculations

Factored Moments at Strength | from Table 1
ViLam = 182.6 klpS

VDCl =89.8 klps

VDC2+DW =46.3 klpS

V, = 318.7 kips

Nominal Shear Strength of An Unstiffened Web
V., = .58F,,,Dt,,C;, = .58 * 50ksi * 36.56in * 0.65in * 1.0 = 689.2kips

v, < ®V,
318.7 kips < 689.2 kips OK

If V,, <.75®V, Bearing Stiffeners Not Required

318.7 kips < 516.9 kips
Bearing Stiffeners Not Required

Web Properties

D <150 =383 _ 56,25 < 150 OK
tw 0.65 in

e < 6.8 \[w < 6.8 |20k
tw Fy 0.65in 50ksi
43.1 <163.8 OK

D¢y <.75D

N.Ain Flange OK

Compression Flange Properties

b . -

fc < .38£ _ 15.81r.1 <. 29000#51
2tfc Fy 2x1.22in 50ksi
6.48 < 9.15 OK
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Permanent Deformations

Elastic Section Properties

Positive Section

Long Term Composite 3n = 22.8

Component A{m’) dim)  Adfm’) Ad'(m’) ILfn" Iam’)
Steel Sect  63.4 16700
Conc. Sect 324 24375 7906 192702 184.0 19454.1
958 361541
Tna= 2963238 m’
da= 8.2
drgpn= 113m Srie_n1= 263385’
day 0= 21771 Shen= 1067857 m’
b t 89.5in*8.25i .
Ac =4 =220 = 32,4 in?
3n 22.8 .
. _ Ina _ 296324 in* _ .3
Stopa1 = SiT = g = i = 263385in
Short Term Composite n =7.6
Component A(m’) dim)  Adm) Adim®) L% Im")
Steel Sect  63.4 16700
Conc. Sect 9730  M.375 23717 578105 5519 583624
160.7 75062
L= 40059.36 m*
di= 148in 23717124 _
dren= 47 A $448 739 i’
day 0= 343 i 1169325 m’
Negative Section
Am) dim) Adiim) Ad(m9) Lm") Iimh
Steal Section 63.4 16700
Top Feinforcement 3.5 6 910 2366.0 2366.0
Bottom Reinforcement 40 215 85 13490 1849.0
709 177.0 20915.0
L= 20473.12 in*
da= 25
drp = 17.0in St 1204052 m*
d 0= 22.01n S = §30.7457 i’

Flange Stresses from Service 11 Loads

Positive Section

Bottom Flange
_ Mpcar _

21562 kip in

= 25.1ksi

DC1 — Sy -

859in3
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MDC2+DW _ 3426.6 klp in

= = 3.2ksi
focz+ow SBot 11 1067.8in3
f — MLL+IM — 19195.5 klp in — 16 4-kSl
LL+IM = gp e 11 1169.3in3 '

fbot_flange = 25.1ksi + 3.2ksi + 16.4ksi = 44.73ksi
.95f, > foc1 + foczepw + 1.3fLi4im

47.5ksi > 44.73ksi OK

Top Flange

fpc1 = 25.1ksi
focz+pw = 1.3ksi
frovma = 2.3ksi
ftop_flange = 28.7ksi
47.5ksi > 28.7ksi OK

Negative Section
Bottom Flange

foc1 = 0 ksi

focz+pw = 6.9ksi
fLL+1M = 267kSl

fbot_flange = 33.6 ksi
47.5ksi > 33.6 ksi OK

Top Flange
fDCl =0 ksi

focz+pw = 5.3ksi
fLL+1M = 20.6 kSl

frop_flange = 26.0 ksi
47.5ksi > 26.0ksi  OK

Dead Load One Deflection
For simply supported beam after concrete has been poured

kK 1ft in\%
Ao selt _ 5+1.44pex(100ftr127) _ 668in
max — 3g4E] 384+29000Kksi*16700in% ’
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APPENDIX B:
DESIGN CHARTS

Design Chart Assumptions

8 — 9 in. slab depending on girder spacing 4.5 ksi concrete w/ 4 in. future wearing surface
Two 2.5 ft. overhang

C15 x 33.9 diaphragms

18 ft. interior and 12 ft. exterior diaphragm spacing

Three rows of 5 in. x 7/8 in. shear studs spaced at 5.25 in. ir 6*dia throughout length for
conservative estimate

Two 486 Ibs./ft. barriers with 1.5 ft. width

Two design lanes when out to out width was 44 ft. or less, three design lanes for widths greater
than 44 ft.

Weight estimate per square foot includes lightest wide flange beam weight, shear studs, and
diaphragm weight

All design charts are designed using a HL-93 Design Truck
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One Span Design Chart

45.00
OH=1.5ft l Full Width: 39 ft
/va40x24_9

40.00 waoxeii | | Slab Thickness: 89 in
W40x277 FW Surface: 4 in
35.00 > Overhang: 2 ft
W36x247 W40x199 g:
20,00 WA0x297 2 Loaded Lanes
. # W40x167
25 00 W40x249 W40x199”/\W 40x149 —— 50 span
. W40x199 M/. —8—60 span
“90.00 —— W33x118 \—70 span
15.00 -Wadaa W30x108 W30x90 —%— 80 span
' . : 6 ; —#—90 span
—0—100
# of Girders span

One Span Design Chart

45.00
| OH=2ft J Full Width: 44 ft
40.00 — Slab Thickness: 89 in
W40x324 W40x277 w4035 | |\ surface: 4 in
35.00 Overhang: 2.5 ft
'm W40x215 2 Loaded Lanes
30.00 3 WaR49 ’
W40x183
7500 W40x277 WAL —— 50 span
..... ’ —A W40x149 ——60 span
W40x211 LR T A——— RS
20.00 —3— —4A— 70 span
W40x167 W33x141
- W30x99 —%—80 span
15.00 “fwsaxzzo W1 P
—*%—90 span
4 5 6 7 P

+
# of Girders 100 span
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One Span Design Chart

45.00
Full Width: 56 ft
40.00 Slab Thickness: 89 in
—— —®  W36x247 e
W40x324 W40x277 X FW Surface: 4 in
35.00 Overhang: 2 ft
X \waoxioe 3 Loaded Lanes
30.00 WA0x277 W36x231 X
25 00 a0l A TTITwE W40x167 —&—50 span
W33x141 —#—60 span
W36x182 W36x160
2000 —N W33x118 —— 70 Span
W40x149 W33x130 %0
W30x90 —%— 80 span
15.00 yaoxite W30x108 50 span
6 7 8 9
+ 1
t# of Girders 00 span
Two Span Design Chart
40.00
Full Width: 39 ft
35.00 & Slab Thickness: 89 in
W40x199 FW Surface: 4 in
e WAREss Overhang: 2 ft
30.00 .
W40x249 waoass Waae? 2 Loaded Lanes
25.00 - W40x149
: W40x167
W40x199 W36x135 W33xi18 —€—50-50span
‘‘‘‘‘ 20.00 W40x167 — i W30x99 ——60-60 span
W30x116 ______———¢
15.00 42 WaDxes —&—70-70 span
W30x108 W30x90 50 80
—*%— 80 - 80 span
10.00
—*—90-90 span
4 5 6 7
—0—100-1
# of Girders 00 - 100 span
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Two Span Design Chart

40.00
Full Width: 44 ft
35.00 Slab Thickness: 89 in
' - FW Surface: 4 in
30.00 )',W40X324 W40x249 Overhang: 2.5 ft
\ K
2500 W40X277 e W40x183 2 Loaded Lanes
" W40x215 W36x182 Wa0149 —&—50- 50 span
20.00 W33x130
W36x182 WA40x149 WAO08 = 60- 60 span
15.00 L \W40x149 W33x118 4—70- 70 span
W30x116 W30x99 W27x84
+ -
10.00 80 - 80 span
—4—90-90 span
4 5 6 7
—o— _
# of Girders 100 - 100 span
Two Span Design Chart
40.00
Full Width: 56 ft
35.00 Slab Thickness: 89 in
FW Surface: 4 in
W40x215 W40x199
30.00 £W4OX249 —‘/ X Overhang: 2.5 ft
40x215 W40x183  WAOX167 3 Loaded Lanes
2500 1 T “Waox149
20.00 Wa0x183 - W33x118 »—50- 50 span
: T 36x13
W40x149 W36x135 Ewwxgg —#-60- 60 span
15.00 4 \W33x130 W30x116 4 70- 70 span
W30x99 W30x90 W27x84
—*—80- 80 span
10.00
—#—90-90 span
6 7 8 9
—0—100-1
# of Girders 00 -100 span
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Two Span Design Chart (.9L- L)

40.00 -
Full Width: 39 ft
35.00 g—— » Slab Thickness: 89 in
ﬁv40><235 W40x199 FW Surface: 4 in
W40x297
30.00 Overhang: 2 ft
WA40x249 WA40x199 | \ao1eT 2 Loaded Lanes
25.00 W40x149
W40x167
o WE6x135 W33x118 —®—45-50span
20.00 W40x167
36x13 Wx116 9 W30x% ~H755-60 span
15.00 =24 —4—65-70 span
W30x108 W30x90 warxg4 2080
10.00 *—70-80span
—*—80-90 span
4 5 6
# of Girders ~©790-100span
Two Span Design Chart (.9L - L)
40.00 -
Full Width: 44 ft
35.00 Slab Thickness: 89 in
— & FW Surface: 4 in
W40x215
30.00 3 i WADx249 " - Overhang: 2.5 ft
Cwaorr Wa0x183 2 Loaded Lanes
25.00 W40x211 —
X Fwaowars WA40x183 wagilaz —9—45-50span
000 [voas: .iviwug/’_. W30x108 —8—55-60 span
15.00 @-40x149 33118 — —A—65- 70 span
W30x116 W30x99 X
_)(_ -
10.00 70- 80 span
4 5 6 —%—80-90 span
# of Girders 90- 100 span
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Two Span Design Chart (.9L- L)

40.00 :
Full Width: 56 ft
35.00 Slab Thickness: 89 in
FW Surface: 4 in
W40x199
30.00 |22 X Overhang: 2.5 ft
SW40x215 X W40x167 3 Loaded Lanes
25.00 W40x149
20.00 A W33x118 —®—45-50 span
00 72—
W4 W30x99 —#—55-60 span
15.00 L W33x130 W30x116 :E —&—65-70 span
W30x99 W30x90 W27x84 2050
10.00 —*%—70- 80 span
6 7 3 —&—80-90 span
+ _
# of Girders 90 - 100 span
Three Span Design Chart
34.00 Full Width: 39 ft
32.00 Slab Thickness: 89 in
' .W40X277\$—/‘W4°X183 FW Surface: 4 in
30.00 WA0X215 Overhang: 2 ft
' § Waoasr 2 Loaded Lanes
28.00 -WA40x249 W40x199 3 W36x160 oa

—

I W40x199

———— w3ax130

_——Tw
x—
W40x215
W40x167 \W36x135

W40x183

W40x149

# of Girders

——65-80-65 span
—#—70-80-70 span
—#&—70-90-70 span
—%—80-90-80 span
—%—80-100-80 span
—®—90-100-90 span
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34.00
32.00
30.00
28.00
26.00

-.24.00

22.00
20.00

Three Span Design Chart

W40x297
W40x247 WA40x199

Full Width: 44 ft
Slab Thickness: 89 in
FW Surface: 4 in

W40x249

A
W36x160

W40x215

W40x149

W40x199

W36x135

Overhang: 2.5 ft
D W40x215 N 2 Loaded Lanes
W40x277 W40x183
F S NS —&—65-80-65 span

—#—70-80-70 span
—A—70-90-70 span
—%— 80-90-80 span
—*—80-100-80 span

4 5 6
—&—90-100-90
# of Girders span
Three Span Design Chart
35.00 :
31.00 Slab Thickness: 89 in
Y @A0x249 W40x211 FW Surface: 4 in
—@- —_yW40x183
23.00 WAOX215 W Overhang: 2 ft
27.00 i " 3 Loaded Lanes
25 OO W40x199 \W36x182 ~W36x160
' W40x183 s W40x149
23.00 & e —— W W36x35 —&—65-80-65 span
,,,,, 21.00 W36x160 W40x149 W33x130 ——70-80-70 span
X!
19.00 —A—70-90-70 span
17.00
—%—80-90-80 span
15.00
6 . g —%—80-100-80 span
—&—90-100-90
# of Girders span
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Spans > 100 ft Design Chart

65.00
| Full Width: 39 ft
60.00 Slab Thickness: 89 in
W waox2r? FW Surface: 4 in
55.00 WA0x297 Overhang: 2 ft
2 Loaded Lanes
2000 W40x297 —9 W40x215 —&— 110 span
W40x249 9 W40x211
45.00 W40x277 —— 120 span
— W40x249 W40 W40x199
40.00 WA40x211 —————1 W40x183 #—110-110 span
W40x235 W40x199 —>»—120-120 span
35.00 +
=¢=100-110-100 span
6 7 8
—0—100-120-1
# of Girders 00-120-100 span
—+—110-120-110 span
Spans > 100 ft Design Chart
65.00
Full Width: 44 ft
60.00 Slab Thickness: 8-9 in

Pounds per sq. ft.
(9]
o
o
o

W40x324 W40x297

FW Surface: 4 in
Overhang: 2 ft
2 Loaded Lanes

P w40x249

W40x32/;‘ W40x277

K W40x235

W

W40x249

" W40x215

+W40x277
W40x235

———
M- W40x199
W40x215

6 7

8

# of Girders

—&— 110span
—— 120 span
—#&—110-110 span
—>»—120-120 span

—*—100-110-100 span
—®—100-120-100 span
—+—110-120-110span
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Pounds per sq. ft.
D
(9]
o
o

Spans > 100 ft Design Chart

o,

W40x324

s WA40X277

W40x297

/" W36x247

"
WA0X2TT g

K

W40x249 W40x249 W40x215
W40x215 W40x199
W40x235 W40x211 ¥ W40x183
W40x199
W40x215
8 9 10
# of Girders

11

Full Width: 56 ft

Slab Thickness: 8-9 in
FW Surface: 4 in
Overhang: 2 ft

2 Loaded Lanes

—&— 110span
—— 120 span
—#&—110-110 span
—>—120-120 span

—+*—100-110-100 span
—8—100-120-100 span
—+—110-120-110span
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APPENDIX C:
DESIGN TABLES
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50-ft. span

One Span Design Table — 39 ft. width

70-ft. span

Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear| Foot | Square Foot
Longest Span L 50 ft [ Depth foot (Steel) (Steel) Longest Span L 70 ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W33 X 130 $15.96 17.58 Full Width w 39 ft W40 X 199 $22.07 24.49
Slab Thickness| Ts 9 in W30 X 132 $16.15 17.79 Slab Thickness| Ts 9 in W36 X 210 $23.03 25.61
No. of girders | Nb 4 W36 X 135 16.43 18.10 No. of girders | Nb 4 W40 X 211 $23.11 25.72
Girder spacing| S | 11.67 | ft W33 X 141 16.98 18.71 Girder spacing| S | 11.67 | ft W40 X 215 $23.46 26.13
Overhang 2 ft W27 X 146 17.44 19.22 Overhang 2 ft W33 X 221 $23.97 26.74
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel) Longest Span L 70 ft Depth foot (Steel) (Steel)
Full Width w 39 ft W30 X 108 $16.72 17.94 Full Width w 39 ft W36 X 160 $22.64 24.41
Slab Thickness| Ts 8 in W27 X 114 $17.44 18.71 Slab Thickness| Ts 8 in W40 X 167 $23.43 25.31
No. of girders | Nb 5 W30 X 116 $17.68 18.97 No. of girders | Nb 5 W33 X 169 $23.65 25.57
Girder spacing| S 8.75 | ft W24 X 117 $17.79 19.10 Girder spacing| S 8.75 | ft W36 X 170 $23.76 25.70
Overhang 2 ft W33 X 118 $17.91 19.22 Overhang 2 ft W36 X 182 $25.10 27.23
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel) Longest Span L 70 ft Depth foot (Steel) (Steel)
Full Width w 39 ft W30 X 90 $17.03 17.91 Full Width w 39 ft W40 X 149 25.23 26.78
Slab Thickness | Ts 8 in W27 X 94 $17.61 18.52 Slab Thickness| Ts 8 in W36 X 150 25.36 26.93
No. of girders | Nb [ 6 w30 [ X 99 $18.33 19.29 No. of girders [ Nb | 6 w33 [ X]| 152 25.64 27.24
Girder spacing | S 7 ft W27 X 102 $18.77 19.76 Girder spacing| S 7 ft W36 X 160 $26.73 28.47
Overhang 2 [t wea [ X 108 $18.91 19.91 Overhang 2 |t wa [ X]| 167 $27.68 29.55
60-ft. span 80-ft. span
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear|  Foot | Square Foot
LongestSpan | L | 60 | ft | Depth foot [ (Steel) (Steel) LongestSpan | L | 80 | ft | Depth foot | (Steel) (Steel)
FullWidth | w | 39 | ft | W40 | X | 149 | $1754 19.26 Full Width | w | 39 | ft | W40 | X | 249 | $2619 29.43
Slab Thickness| Ts | 9 |in | W36 | X | 160 | $1854 20.39 Slab Thickness| Ts | 9 |in| W36 | X| 262 | $27.26 30.77
No. of girders | Nb | 4 Wao | X1 167 19.18 2111 No. of girders | Nb | 4 w33 [ X[ 263 27.34 30.87
Girder spacing| S | 1167 ft | W33 | X | 169 19.36 2131 Girder spacing| S [1167| ft | W40 | X | 264 27.42 30.97
Overhang > /| Wz | X1 170 19.45 2142 Overhang 2 [t wa [ X] 277 28.47 3231
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear|  Foot | Square Foot
LongestSpan | L | 60 | ft | Depth foot | (Steel) (Steel) LongestSpan | L | 80 | ft | Depth foot | (Steel) (Steel)
Eull Width w 39 t W33 X 130 $19.11 20.46 Full Width w 39 ft W40 X 199 $26.82 29.21
Slab Thickness| Ts 8 in W36 X 135 $19.69 21.10 Slab Thickness| Ts 8 in W36 X 210 $28.02 30.62
No. of girders | Nb 5 W33 X 141 $20.38 21.87 No. of girders | Nb 5 W40 X 211 $28.12 30.75
Girder spacing| S 875 | ft W27 X 146 $20.96 2251 Girder spacing| S 8.75 [ ft W40 X 215 $28.55 31.26
Overhang 2 ft W30 X 148 $21.19 22.77 Overhang 2 ft W33 X 221 $29.19 32.03
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear[  Foot [ Square Foot
Longest Span L 60 ft Depth foot (Steel) (Steel) Longest Span L 80 ft Depth foot (Steel) (Steel)
Fullwidth | w | 39 | ft | W33 | X | 118 | $2081 21.89 Full Width | w | 39 | ft | W40 | X | 167 2751 2933
Slab Thickness| Ts | 8 | in | W30 | X | 124 | $2165 22.82 Slab Thickness| Ts | 8 [in]| W36 | X ] 182 29,62 3164
No. of girders | Nb | 6 W27 | X | 129 $22.36 23.59 No. of girders | Nb | 6 w40 | X | 183 29.66 3179
Girder spacing| S 7 t W33 X 130 $22.50 23.74 Girder spacing| S 7 ft W30 X 191 $30.71 33.02
Overhang 2 | ft| w3 | x| 132 $22.78 24.05 Overhang 2 | ft| W3 [X| 194 $31.11 33.48
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90-ft. span

One Span Design Table — 39 ft. width

100-ft. span

Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel) Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 297 $30.10 34.44 Full Width w 39 ft W40 X 271 $34.98 39.23
Slab Thickness| Ts 9 in W40 X 324 $32.18 37.21 Slab Thickness| Ts 8 in W40 X 294 $36.66 41.41
No. of girders | Nb 4 W40 X 327 $32.40 37.52 No. of girders | Nb 5 W40 X 297 $36.95 41.79
Girder spacing| S [11.67| ft W36 X 330 $32.63 37.83 Girder spacing| S 8.75 [ ft W36 X 302 $37.44 42.43
Overhang 2 ft W40 X 331 $32.70 37.93 Overhang 2 ft W40 X 324 $39.55 45.25
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel) Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width w 39 ft W36 X 247 $31.99 35.46 Full Width w 39 ft W40 X 249 $38.17 42.01
Slab Thickness| Ts 8 in W40 X 249 $32.19 35.71 Slab Thickness| Ts 8 in W36 X 262 $39.77 44.01
No. of girders | Nb 5 W36 X 256 $32.91 36.61 No. of girders | Nb 6 W40 X 264 $40.01 44.31
Girder spacing| S 8.75 [ ft W36 X 262 $33.52 37.38 Girder spacing| S 7 ft W40 X 277 $41.58 46.31
Overhang 2 ft W33 X 263 $33.62 37.51 Overhang 2 ft W40 X 278 $41.70 46.47
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel) Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 199 31.84 34.35 Full Width w 39 ft W40 X 211 38.67 41.69
Slab Thickness| Ts 8 in W40 X 211 33.40 36.20 Slab Thickness| Ts 8 in W40 X 215 39.27 42.40
No. of girders | Nb 6 W40 X 215 33.92 36.82 No. of girders | Nb 7 W36 X 231 $41.65 45.28
Girder spacing| S 7 ft W33 X 221 34.68 37.74 Girder spacing| S 6.00 | ft W36 X 232 $41.79 45.45
Overhang 2 ft W36 X 231 35.95 39.28 Overhang 1.5 ft W40 X 235 $42.23 45.99
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50-ft. span

One Span Design Table — 44 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W33 X 130 $14.33 15.96
Slab Thickness[ Ts 9 in W36 X 135 $14.74 16.41
No. of girders [ Nb 4 W33 X 141 $15.24 16.96
Girder spacing{ S 13 ft w27 X 146 $15.65 17.41
Overhang 25 | ft W30 X 148 $15.81 17.59
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft | Depth foot Steel) (Steel)
Full Width w 44 ft W30 X 116 15.84 17.15
Slab Thickness| Ts | 8.25 | in W33 X 118 16.05 17.38
No. of girders | Nb 5 W30 X 124 16.67 18.06
Girder spacing[ S 9.75 | ft w27 X 129 17.19 18.63
Overhang 2.5 ft W33 X 130 17.30 18.74
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W30 X 99 $16.41 17.42
Slab Thickness | Ts 8 in w27 X 102 $16.80 17.83
No. of girders Nb 6 W30 X 108 $17.56 18.65
Girder spacing | S 7.8 | ft w27 X 114 $18.32 19.47
Overhang 25 | ft W30 X 116 $18.57 19.74
60-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft | Depth foot Steel) (Steel)
Full Width w 44 ft W40 X 167 17.17 19.05
Slab Thickness[ Ts 9 in W36 X 170 17.41 19.32
No. of girders | Nb 4 W36 X 182 18.36 20.42
Girder spacing{ S 13 ft W40 X 183 18.43 20.51
Overhang 2.5 ft W30 X 191 19.06 21.23
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W33 X 141 $18.22 19.69
Slab Thickness| Ts | 8.25 | in W40 X 149 $19.04 20.60
No. of girders [ Nb 5 W36 X 150 19.14 20.71
Girder spacing{ S 9.75 | ft W33 X 152 19.34 20.94
Overhang 25 | ft W36 X 160 20.15 21.85
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W33 X 130 $20.09 21.33
Slab Thickness[ Ts 8 in W30 X 132 $20.33 21.60
No. of girders | Nb 6 W36 X 135 $20.71 22.01
Girder spacing{ S 78 | ft W33 X 141 $21.45 22.83
Overhang 25 | ft w27 X 146 $22.06 23.51
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70-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 211 $20.66 23.15
Slab Thickness| Ts 9 in W40 X 215 $20.97 23.51
No. of girders | Nb 4 W36 X 231 $22.17 24.97
Girder spacing[ S 13 | ft W36 X 232 $22.25 25.06
Overhang 25 | ft W40 X 235 $22.47 25.33
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft | Depth foot (Steel) (Steel)
Full Width W 44 ft W40 X 167 $20.92 22.75
Slab Thickness[ Ts | 8.25 | in W36 X 182 $22.41 24.46
No. of girders | Nb 5 W40 X 183 $22.51 24.57
Girder spacing[ S 9.75 | ft W36 X 194 $23.58 25.82
Overhang 25 | ft W40 X 199 $24.07 26.39
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft | Depth foot Steel) (Steel)
Full Width w 44 ft W40 X 149 22.51 24.03
Slab Thickness| Ts 8 in W36 X 150 22.63 24.17
No. of girders | Nb 6 W36 X 160 23.84 25.53
Girder spacing| S 78 | ft W40 X 167 24.68 26.49
Overhang 2.5 ft W33 X 169 24.92 26.76
80-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 44 ft ‘W40 X 277 $25.40 28.97
Slab Thickness| Ts 9 in W40 X 278 $25.47 29.06
No. of girders | Nb 4 W36 X 282 25.75 29.42
Girder spacing|{ S 13 ft W33 X 291 26.38 30.24
Overhang 25 | ft W40 X 294 26.59 30.51
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 211 $25.08 27.55
Slab Thickness| Ts | 8.25 | in W40 X 215 $25.46 28.01
No. of girders [ Nb 5 W36 X 231 $26.96 29.83
Girder spacing{ S 9.75 | ft W36 X 232 $27.05 29.94
Overhang 25 | ft W40 X 235 $27.33 30.28
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 183 $26.43 28.46
Slab Thickness| Ts 8 in W36 X 194 $27.71 29.96
No. of girders | Nb 6 W40 X 199 $28.29 30.64
Girder spacing[ S 78 | ft W33 X 201 $28.53 30.91
Overhang 25 | ft W36 X 210 $29.56 32.14




90-ft. span

One Span Design Table — 44 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 324 $28.69 33.32
Slab Thickness[ Ts 9 in W36 X 361 $31.12 36.69
No. of girders [ Nb 4 W40 X 362 $31.18 36.78
Girder spacing[ S 13 ft W40 X 372 $31.81 37.69
Overhang 25 | ft W33 X 387 $32.75 39.05
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 249 $28.69 31.96
Slab Thickness| Ts | 8.25 | in W40 X 264 $30.05 33.67
No. of girders | Nb 5 W40 X 277 $31.21 35.15
Girder spacing{ S 9.75 | ft W40 X 278 $31.30 35.26
Overhang 25 | ft W36 X 282 $31.65 35.71
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 215 30.21 32.92
Slab Thickness| Ts 8 in W36 X 231 32.01 35.10
No. of girders | Nb 6 W36 X 232 32.12 35.24
Girder spacing{ S 78 | ft W40 X 235 32.46 35.65
Overhang 25 | ft W33 X 241 33.12 36.47
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100-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 324 $35.20 40.41
Slab Thickness| Ts | 8.25 | in W40 X 327 $35.45 40.75
No. of girders [ Nb 5 W36 X 330 $35.70 41.09
Girder spacing[ S 9.75 | ft W40 X 331 $35.79 41.21
Overhang 25 | ft W33 X 354 $37.67 43.82
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 277 $37.00 41.33
Slab Thickness| Ts 8 in W40 X 278 $37.10 41.47
No. of girders | Nb 6 W36 X 282 $37.53 42.02
Girder spacing{ S 78 | ft W40 X 294 $38.79 43.65
Overhang 25 | ft W40 X 297 $39.10 44.06
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft [ Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 235 $37.57 41.04
Slab Thickness| Ts 8 in W36 X 247 $39.12 42.95
No. of girders | Nb 7 W40 X 249 $39.38 43.27
Girder spacing[ S 6.67 | ft W36 X 256 $40.27 44.38
Overhang 2 ft W36 X 262 $41.03 45.33




50-ft. span

One Span Design Table — 56 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel)
Full Width w 56 | ft W30 X 116 $15.00 16.33
Slab Thickness| Ts 85 | in W33 X 118 $15.20 16.54
No. of girders | Nb 6 W30 X 124 $15.79 17.19
Girder spacing| S 10.4 | ft W27 X 129 $16.28 17.72
Overhang 2 ft W33 X 130 $16.38 17.83
Erected
Cost per
Weight |Square Pounds per
Nominal per linear|Foot Square Foot
Longest Span L 50 ft [Depth foot (Steel) (Steel)
Full Width w 56 [ ft W30 X 108 $16.20 17.32
Slab Thickness| Ts 8 in w27 X 114 $16.90 18.07
No. of girders | Nb 7 W30 X 116 $17.13 18.32
Girder spacing| S 85 | ft W24 X 117 $17.24 18.44
Overhang 2.5 ft W33 X 118 $17.36 18.57
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W30 X 90 $15.86 16.75
Slab Thickness [ Ts 8 in W27 X 94 $16.40 17.32
No. of girders Nb 8 W30 X 99 $17.07 18.04
Girder spacing | S 7.43 | ft w27 X 102 $17.47 18.46
Overhang 2 ft W24 X 103 $17.61 18.61
60-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft | Depth foot (Steel) (Steel)
Full Width w 56 | ft W40 X 149 $17.99 19.53
Slab Thickness| Ts 85 | in W36 X 150 $18.08 19.64
No. of girders | Nb 6 W33 X 152 18.27 19.85
Girder spacing| S 104 | ft W36 X 160 19.04 20.71
Overhang 2 ft W27 X 161 19.13 20.81
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft Depth foot (Steel) (Steel)
Full Width 1 56 ft W33 X 130 $18.51 19.78
Slab Thickness| Ts 8 in W30 X 132 $18.74 20.03
No. of girders | Nb 7 W36 X 135 $19.08 20.40
Girder spacing| S [8.667 ft W33 X 141 $19.76 21.15
Overhang 2 ft W27 X 146 $20.32 21.78
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W33 X 118 $19.33 20.39
Slab Thickness| Ts 8 in W30 X 124 $20.11 21.25
No. of girders | Nb 8 W27 X 129 $20.77 21.96
Girder spacing| S 7.43 | ft W33 X 130 $20.90 22.10
Overhang 2 ft W30 X 132 $21.16 22.39

70-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft Depth foot (Steel) (Steel)
Full Width i 56 ft W36 X 182 $21.18 23.18
Slab Thickness| Ts 8.5 | in W40 X 183 $21.27 23.29
No. of girders | Nb 6 W36 X 194 $22.28 24.47
Girder spacing| S 104 | ft W40 X 199 $22.74 25.01
Overhang 2 ft W33 X 201 $22.92 25.22
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W36 X 160 $21.94 23.60
Slab Thickness| Ts 8 in W40 X 167 $22.71 24.47
No. of girders | Nb 7 W33 X 169 $22.93 24.72
Girder spacing| S 85 | ft W36 X 170 $23.04 24.85
Overhang 25 | ft W30 X 173 $23.37 25.22
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft | Depth foot (Steel) (Steel)
Full Width w 56 [ ft W33 X 141 $22.42 23.80
Slab Thickness| Ts 8 in W40 X 149 $23.44 24.95
No. of girders | Nb 8 W36 X 150 $23.57 25.09
Girder spacing| S 7.43 | ft W33 X 152 $23.83 25.38
Overhang 2 ft W36 X 160 $24.84 26.52
80-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width i 56 ft W40 X 211 $23.67 26.07
Slab Thickness| Ts 85 | in W40 X 215 $24.03 26.50
No. of girders | Nb 6 W36 X 231 $25.45 28.21
Girder spacing| S 104 | ft W36 X 232 $25.54 28.32
Overhang 2 ft W40 X 235 $25.80 28.64
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 183 $24.31 26.29
Slab Thickness| Ts 8 in W36 X 194 $25.50 217.67
No. of girders | Nb 7 W40 X 199 $26.03 28.29
Girder spacing| S [8.667| ft W33 X 201 $26.24 28.54
Overhang 2 ft W36 X 210 $27.19 29.67
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width W 56 ft W40 X 167 $25.54 27.28
Slab Thickness| Ts 8 in W36 X 170 $25.92 27.71
No. of girders | Nb 8 W36 X 182 $27.41 29.42
Girder spacing| S 7.43 | ft W40 X 183 $27.53 29.56
Overhang 2 ft W30 X 191 $28.51 30.71
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90-ft. span

One Span Design Table — 56 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width i 56 ft W40 X 277 $29.46 33.24
Slab Thickness| Ts | 85 [ in W40 X 278 $29.55 33.35
No. of girders | Nb 6 W36 X 282 $29.88 33.78
Girder spacing| S 104 | ft W33 X 291 $30.62 34.74
Overhang 2 ft W40 X 294 $30.87 35.06
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W36 X 231 $29.42 32.35
Slab Thickness| Ts 8 in W40 X 235 $29.83 32.85
No. of girders | Nb 7 W36 X 247 $31.04 34.35
Girder spacing| S 85 | ft W40 X 249 $31.25 34.60
Overhang 25 | ft W40 X 256 $31.95 35.48
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 56 [ ft W40 X 199 29.57 31.96
Slab Thickness| Ts 8 in W40 X 211 31.02 33.68
No. of girders | Nb 8 W40 X 215 31.50 34.25
Girder spacing| S 7.43 | ft W33 X 221 32.21 35.10
Overhang 2 ft W36 X 231 33.39 36.53
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100-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width i 56 ft W40 X 324 $33.25 38.24
Slab Thickness| Ts | 85 [ in W36 X 330 $33.72 38.88
No. of girders | Nb 6 W40 X 331 $33.80 38.99
Girder spacing| S 104 | ft W36 X 361 $36.11 42.20
Overhang 2 ft W40 X 362 $36.18 42.31
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 277 $34.03 38.14
Slab Thickness| Ts 8 in W40 X 278 $34.13 38.26
No. of girders | Nb 7 W36 X 282 $34.52 38.76
Girder spacing| S [8.667| ft W40 X 294 $35.67 40.26
Overhang 2 ft W40 X 297 $35.96 40.64
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 56 [ ft W36 X 247 $35.25 38.82
Slab Thickness| Ts 8 in W40 X 249 $35.48 39.10
No. of girders | Nb 8 W36 X 256 $36.28 40.10
Girder spacing| S 7.43 | ft W36 X 262 $36.96 40.96
Overhang 2 ft W40 X 264 $37.19 41.25




50 — 50-ft. span

Two Equal Spans Design Table — 39 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel)
Full Width W 39 ft W30 X 108 $13.61 14.92
Slab Thickness| Ts 9 in W27 X 114 $14.18 15.54
No. of girders | Nb 4 W30 X 116 $14.37 15.74
Girder spacing| S | 11.67| ft W33 X 118 $14.56 15.95
Overhang 2 ft W30 X 124 $15.13 16.56
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 50 | ft [ Depth foot (Steel) (Steel)
Full Width w 39 | ft W30 X 90 $14.29 15.25
Slab Thickness| Ts 8 in w27 X 94 $14.77 15.77
No. of girders | Nb 5 W30 X 99 $15.37 16.41
Girder spacing| S 8.75 | ft w27 X 102 $15.73 16.79
Overhang 2 ft W24 X 103 $15.85 16.92
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 50 | ft [ Depth foot (Steel) (Steel)
Full Width w 39 ft w27 X 84 $15.87 16.62
Slab Thickness | Ts 8 in W24 X 84 $15.87 16.62
No. of girders Nb 6 W30 X 90 $16.75 17.54
Girder spacing | S 7 ft W21 X 93 $17.19 18.01
Overhang 2 ft w27 X 94 $17.33 18.16
60 — 60-ft.span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 60 | ft [ Depth foot (Steel) (Steel)
Full Width w 39 | ft W36 X 135 $16.14 17.66
Slab Thickness| Ts 9 in W33 X 141 $16.69 18.27
No. of girders | Nb 4 W30 X 148 17.34 18.99
Girder spacing| S | 11.67] ft W40 X 149 17.43 19.09
Overhang 2 ft W36 X 150 17.52 19.20
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 60 ft Depth foot (Steel) (Steel)
Full Width i 39 ft W30 X 116 $17.37 18.54
Slab Thickness| Ts 8 in W33 X 118 $17.60 18.79
No. of girders | Nb 5 W30 X 124 $18.31 19.56
Girder spacing| S 8.75 | ft w27 X 129 $18.90 20.20
Overhang 2 ft W33 X 130 $19.02 20.33
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 60 | ft [ Depth foot (Steel) (Steel)
Full Width w 39 ft W30 X 99 $18.01 18.87
Slab Thickness| Ts 8 in W30 X 108 $19.30 20.25
No. of girders | Nb 6 W27 X 114 $20.16 21.18
Girder spacing| S 7 ft W30 X 116 $20.44 21.48
Overhang 2 ft W24 X 117 $20.59 21.64

70 — 70-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 70 ft Depth foot (Steel) (Steel)
Full Width i 39 ft W40 X 167 $19.05 20.91
Slab Thickness| Ts 9 in W36 X 170 $19.32 21.22
No. of girders | Nb 4 W36 X 182 $20.39 22.45
Girder spacing| S | 1167 ft W40 X 183 $20.48 22.56
Overhang 2 ft W30 X 191 $21.18 23.38
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 70 | ft [ Depth foot (Steel) (Steel)
Full Width w 39 ft W36 X 135 $19.57 20.94
Slab Thickness| Ts 8 in W33 X 141 $20.27 21.71
No. of girders | Nb 5 W30 X 148 $21.07 22.60
Girder spacing| S 8.75 | ft W40 X 149 $21.19 22.73
Overhang 2 ft W36 X 150 $21.30 22.86
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 70 | ft | Depth foot (Steel) (Steel)
Full Width w 39 | ft W33 X 118 $20.69 21.75
Slab Thickness| Ts 8 in W33 X 130 $22.39 23.59
No. of girders | Nb 6 W30 X 132 $22.67 23.90
Girder spacing| S 7 ft W36 X 135 $23.09 24.36
Overhang 2 ft W33 X 141 $23.92 25.29
80 — 80-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 199 $21.79 24.05
Slab Thickness| Ts 9 in W40 X 211 $22.83 25.28
No. of girders | Nb 4 W40 X 215 $23.17 25.69
Girder spacing| S | 1167 ft W33 X 221 $23.68 26.31
Overhang 2 ft W36 X 231 $24.53 27.33
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 80 | ft [ Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 167 $23.15 24.92
Slab Thickness| Ts 8 in W36 X 170 $23.48 25.30
No. of girders | Nb 5 W36 X 182 $24.82 26.84
Girder spacing| S 8.75 | ft W40 X 183 $24.93 26.97
Overhang 2 ft W30 X 191 $25.81 27.99
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width W 39 ft W40 X 149 $24.94 26.41
Slab Thickness| Ts 8 in W36 X 150 $25.08 26.56
No. of girders | Nb 6 W33 X 152 $25.35 26.87
Girder spacing| S 7 ft W36 X 160 $26.45 28.10
Overhang 2 ft ‘W40 X 167 $27.40 29.18
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Two Equal Spans Design Table — 39 ft. width

90 — 90-ft. span 100 — 100-ft. span

Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot Nominal per linear| Foot |Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel) Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width i 39 ft W40 X 249 $26.03 29.18 Full Width i 39 ft W40 X 297 $29.88 34.10
Slab Thickness| Ts 9 in W36 X 262 $27.09 30.51 Slab Thickness| Ts 9 in W40 X 324 $31.95 36.87
No. of girders | Nb 4 W40 X 264 $27.25 30.72 No. of girders | Nb 4 W40 X 327 $32.18 37.18
Girder spacing| S | 1167 ft W40 X 277 $28.30 32.05 Girder spacing| S | 1167 ft W36 X 330 $32.41 37.49
Overhang 2 ft W40 X 278 $28.38 32.15 Overhang 2 ft W40 X 331 $32.48 37.59
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot Nominal per linear| Foot |Square Foot
Longest Span L 90 | ft [ Depth foot (Steel) (Steel) Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 199 $26.68 29.01 Full Width w 39 ft W40 X 235 $30.52 33.62
Slab Thickness| Ts 8 in W36 X 210 $27.87 30.42 Slab Thickness| Ts 8 in W36 X 247 $31.77 35.15
No. of girders | Nb 5 W40 X 211 $27.98 30.55 No. of girders | Nb 5 W40 X 249 $31.97 35.41
Girder spacing| S 8.75 | ft W40 X 215 $28.41 31.06 Girder spacing| S 8.75 | ft W36 X 256 $32.69 36.31
Overhang 2 ft W33 X 221 $29.05 31.83 Overhang 2 ft W36 X 262 $33.31 37.08
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot Nominal per linear| Foot |Square Foot
Longest Span L 90 | ft [ Depth foot (Steel) (Steel) Longest Span L 100 | ft [ Depth foot (Steel) (Steel)
Full Width w 39 | ft W40 X 167 27.38 29.16 Full Width w 39 | ft W40 X 199 $31.62 34.07
Slab Thickness| Ts 8 in W36 X 182 29.39 31.47 Slab Thickness| Ts 8 in W36 X 210 $33.05 35.76
No. of girders | Nb 6 W40 X 183 29.53 31.62 No. of girders | Nb 6 W40 X 211 $33.18 35.92
Girder spacing| S 7 ft W30 X 191 30.59 32.85 Girder spacing| S 7.00 | ft W40 X 215 $33.70 36.53
Overhang 2 ft W36 X 194 30.98 33.31 Overhang 2 ft W33 X 221 $34.47 37.45
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50 — 50-ft. span

Two Equal Spans Design Table — 44 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W30 X 116 $12.91 14.28
Slab Thickness| Ts 9 in W33 X 118 $13.07 14.46
No. of girders | Nb 4 W30 X 124 $13.57 15.01
Girder spacing| S 13 | ft w27 X 129 $13.99 15.46
Overhang 25 | ft W33 X 130 $14.07 15.55
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W30 X 99 $13.78 14.84
Slab Thickness| Ts | 8.25 | in W27 X 102 $14.10 15.18
No. of girders | Nb 5 W24 X 104 $14.31 15.41
Girder spacing| S 9.75 | ft W30 X 108 $14.73 15.87
Overhang 25 | ft W27 X 114 $15.37 16.55
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel)
Full Width W 44 ft W27 X 84 $14.21 15.02
Slab Thickness | Ts 8 in W30 X 90 $14.99 15.83
No. of girders Nb 6 w27 X 94 15.50 16.38
Girder spacing | S 7.8 | ft W24 X 94 15.50 16.38
Overhang 25 | ft W30 X 99 16.15 17.06
60 — 60-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 149 $15.61 17.25
Slab Thickness| Ts 9 in | W36 X 150 $15.69 17.34
No. of girders | Nb 4 W33 X 152 $15.85 17.52
Girder spacing| S 13 | ft W36 X 160 $16.50 18.25
Overhang 25 | ft W40 X 167 $17.06 18.88
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W33 X 118 $15.75 16.95
Slab Thickness| Ts | 8.25 | in W33 X 130 $17.00 18.32
No. of girders | Nb 5 W30 X 132 $17.21 18.54
Girder spacing| S 9.75 | ft W36 X 135 $17.52 18.88
Overhang 25 | ft W33 X 141 $18.14 19.57
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 | ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W30 X 108 $17.25 18.23
Slab Thickness| Ts 8 in w27 X 114 $18.01 19.05
No. of girders | Nb 6 W30 X 116 $18.26 19.32
Girder spacing| S 7.8 | ft W33 X 118 $18.51 19.59
Overhang 25 | ft W30 X 124 $19.26 20.41

70 — 70-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W36 X 182 $18.23 20.22
Slab Thickness| Ts 9 in W40 X 183 $18.31 20.32
No. of girders | Nb 4 W36 X 194 $19.17 21.32
Girder spacing| S 13 | ft W40 X 199 $19.56 21.77
Overhang 25 | ft W33 X 201 $19.71 21.95
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 149 $18.93 20.44
Slab Thickness| Ts | 8.25 | in W36 X 150 $19.03 20.55
No. of girders | Nb 5 W33 X 152 $19.23 20.78
Girder spacing| S 9.75 | ft W36 X 160 $20.04 21.69
Overhang 25 | ft W40 X 167 $20.74 22.49
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 | ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W33 X 130 $19.98 21.19
Slab Thickness| Ts 8 in W36 X 135 $20.60 21.87
No. of girders | Nb 6 W33 X 141 $21.34 22.69
Girder spacing| S 7.8 | ft w27 X 146 $21.95 23.37
Overhang 25 | ft W30 X 148 $22.20 23.64
80 — 80-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 215 $20.69 23.08
Slab Thickness| Ts 9 in W36 X 231 $21.89 24.54
No. of girders | Nb 4 W36 X 232 $21.97 24.63
Girder spacing| S 13 | ft W40 X 235 $22.19 24.90
Overhang 25 | ft W33 X 241 $22.64 25.45
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W36 X 182 $22.14 24.07
Slab Thickness| Ts | 8.25 | in W40 X 183 $22.24 24.18
No. of girders | Nb 5 W36 X 194 $23.31 25.43
Girder spacing| S 9.75 | ft W40 X 199 $23.80 26.00
Overhang 25 | ft W33 X 201 $23.99 26.23
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 149 $22.24 23.67
Slab Thickness| Ts 8 in W36 X 160 $23.57 25.17
No. of girders | Nb 6 W40 X 167 $24.41 26.12
Girder spacing| S 7.8 | ft W33 X 169 $24.65 26.40
Overhang 25 | ft W36 X 170 $24.77 26.53
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90 — 90-ft. span

Two Equal Spans Design Table — 44 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 277 $25.24 28.72
Slab Thickness| Ts 9 in W40 X 278 $25.31 28.81
No. of girders | Nb 4 W36 X 282 $25.59 29.17
Girder spacing| S 13 | ft W40 X 294 $26.43 30.26
Overhang 25 | ft W40 X 297 $26.64 30.54
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 211 $24.94 27.35
Slab Thickness| Ts | 8.25 | in W40 X 215 $25.32 27.81
No. of girders [ Nb 5 W36 X 231 $26.82 29.63
Girder spacing| S 9.75 | ft W36 X 232 $26.92 29.74
Overhang 25 | ft W40 X 235 $27.20 30.08
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 | ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W40 X 183 26.30 28.29
Slab Thickness| Ts 8 in W36 X 194 27.59 29.79
No. of girders | Nb 6 W40 X 199 28.17 30.47
Girder spacing| S 7.8 | ft W33 X 201 28.40 30.74
Overhang 25 | ft W36 X 210 29.44 31.97
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100 — 100-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 324 $28.48 32.99
Slab Thickness| Ts 9 in | W36 X 361 $30.90 36.35
No. of girders | Nb 4 W40 X 362 $30.96 36.45
Girder spacing| S 13 | ft W40 X 372 $31.60 37.35
Overhang 25 | ft W33 X 387 $32.54 38.72
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 249 $28.48 31.66
Slab Thickness| Ts | 8.25 | in W36 X 262 $29.66 33.14
No. of girders | Nb 5 W40 X 264 $29.84 33.37
Girder spacing| S 9.75 | ft W40 X 277 $31.00 34.85
Overhang 25 | ft W40 X 278 $31.09 34.96
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W40 X 211 $29.54 32.09
Slab Thickness| Ts 8 in W40 X 215 $30.00 32.64
No. of girders | Nb 6 W36 X 231 $31.80 34.82
Girder spacing| S 7.80 | ft W36 X 232 $31.92 34.96
Overhang 25 | ft W40 X 235 $32.25 35.37




50 — 50-ft. span

Two Equal Spans Design Table — 56 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 50 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W30 X 99 $13.05 14.13
Slab Thickness| Ts 85 | in w27 X 102 $13.35 14.45
No. of girders | Nb 6 W24 X 104 $13.55 14.67
Girder spacing| S 104 | ft W30 X 108 $13.95 15.09
Overhang 2 ft w27 X 114 $14.55 15.74
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel)
Full Width i 56 ft W30 X 90 $13.85 14.76
Slab Thickness| Ts 8 in w27 X 94 $14.33 15.26
No. of girders | Nb 7 W24 X 94 $14.33 15.26
Girder spacing| S | 8.667] ft W30 X 99 $14.92 15.89
Overhang 2 ft W21 X 101 $15.15 16.14
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel)
Full Width w 56 ft W27 X 84 $14.77 15.53
Slab Thickness [ Ts 8 in W24 X 84 $14.77 15.53
No. of girders Nb 8 W30 X 90 15.59 16.39
Girder spacing S 743 | ft w21 X 93 15.99 16.82
Overhang 2 ft W27 X 94 16.13 16.96
60 — 60-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft Depth foot (Steel) (Steel)
Full Width i 56 ft W33 X 130 $16.08 17.39
Slab Thickness| Ts 85 | in W30 X 132 $16.27 17.60
No. of girders | Nb 6 W36 X 135 $16.57 17.92
Girder spacing| S 104 | ft W33 X 141 $17.15 18.57
Overhang 2 ft w27 X 146 $17.63 19.10
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W30 X 116 $16.85 17.94
Slab Thickness| Ts 8 in W33 X 118 17.08 18.19
No. of girders | Nb 7 W30 X 124 17.77 18.94
Girder spacing] S | 8.667| ft W27 X 129 18.34 19.57
Overhang 2 ft W33 X 130 $18.45 19.69
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft | Depth foot (Steel) (Steel)
Full Width w 56 | ft W30 X 99 $16.74 17.60
Slab Thickness| Ts 8 in w27 X 102 $17.15 18.03
No. of girders | Nb 8 W30 X 108 17.95 18.89
Girder spacing| S 743 | ft w27 X 114 18.74 19.74
Overhang 2 ft W30 X 116 19.01 20.03

70 — 70-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft Depth foot (Steel) (Steel)
Full Width i 56 ft W40 X 149 $17.89 19.38
Slab Thickness| Ts | 85 | in [ W36 X 150 $17.98 19.49
No. of girders | Nb 6 W36 X 160 $18.93 20.56
Girder spacing| S 104 | ft W40 X 167 $19.59 2131
Overhang 2 ft W33 X 169 $19.78 21.52
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W36 X 135 $18.98 20.27
Slab Thickness| Ts 8 in W33 X 141 19.66 21.02
No. of girders | Nb 7 W30 X 148 20.45 21.89
Girder spacing] S | 8.667| ft W40 X 149 20.56 22.02
Overhang 2 ft W36 X 150 $20.67 22.14
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 70 ft | Depth foot (Steel) (Steel)
Full Width w 56 | ft W33 X 118 $19.23 20.26
Slab Thickness| Ts 8 in W33 X 130 $20.80 21.98
No. of girders | Nb 8 W30 X 132 21.06 22.26
Girder spacing| S 743 | ft W36 X 135 21.45 22.69
Overhang 2 ft W33 X 141 22.22 23.55
80 — 80-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 183 21.01 22.91
Slab Thickness| Ts 85 | in W36 X 194 22.02 24.09
No. of girders | Nb 6 W40 X 199 22.48 24.62
Girder spacing| S 104 | ft W33 X 201 $22.66 24.84
Overhang 2 ft W36 X 210 $23.47 25.80
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W36 X 160 $21.71 23.29
Slab Thickness| Ts 8 in W40 X 167 $22.48 24.16
No. of girders | Nb 7 W33 X 169 $22.70 24.41
Girder spacing] S | 8.667| ft W36 X 170 $22.81 24.54
Overhang 2 ft W30 X 173 $23.14 24.91
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width 0 56 ft W40 X 149 $23.18 24.59
Slab Thickness| Ts 8 in W36 X 150 $23.31 24.74
No. of girders | Nb 8 W33 X 152 $23.56 25.02
Girder spacing| S 743 | ft W36 X 160 $24.58 26.17
Overhang 2 ft W40 X 167 $25.46 27.17
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90 — 90-ft. span

Two Equal Spans Design Table — 56 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width i 56 ft W40 X 215 $23.91 26.32
Slab Thickness| Ts | 85 | in [ W36 X 231 $25.33 28.03
No. of girders | Nb 6 W36 X 232 $25.42 28.14
Girder spacing| S 104 | ft W40 X 235 $25.68 28.46
Overhang 2 ft W33 X 241 $26.20 29.11
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 183 $24.21 26.14
Slab Thickness| Ts 8 in W36 X 194 25.39 27.52
No. of girders | Nb 7 W40 X 199 25.92 28.14
Girder spacing] S | 8.667| ft W33 X 201 26.13 28.39
Overhang 2 ft W36 X 210 $27.08 29.52
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 167 25.44 27.14
Slab Thickness| Ts 8 in W36 X 170 25.81 27.57
No. of girders | Nb 8 W36 X 182 27.31 29.28
Girder spacing| S 7.43 | ft W40 X 183 27.43 29.43
Overhang 2 ft W30 X 191 28.41 30.57
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100 — 100-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width i 56 ft W40 X 249 $26.89 29.95
Slab Thickness| Ts 85 | in W40 X 277 $29.26 32.95
No. of girders | Nb 6 W40 X 278 $29.35 33.06
Girder spacing| S 104 | ft W36 X 282 $29.68 33.48
Overhang 2 ft W33 X 291 $30.42 34.45
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 215 $27.59 30.12
Slab Thickness| Ts 8 in W36 X 231 29.24 32.12
No. of girders | Nb 7 W40 X 235 29.65 32.62
Girder spacing] S | 8.667| ft W36 X 247 30.87 34.12
Overhang 2 ft W40 X 249 $31.07 34.37
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 100 | ft [ Depth foot (Steel) (Steel)
Full Width w 56 | ft W40 X 199 $29.37 31.69
Slab Thickness| Ts 8 in W36 X 210 $30.70 33.26
No. of girders | Nb 8 W40 X 211 30.82 33.41
Girder spacing| S 7.43 | ft W40 X 215 31.30 33.98
Overhang 2 ft W33 X 221 32.01 34.83




45 — 50-ft. span

Two Span .9L - L Design Table — 39 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W30 X 108 $13.58 14.88
Slab Thickness| Ts 9 in W27 X 114 $14.16 15.49
No. of girders | Nb 4 W30 X 116 $14.35 15.70
Girder spacing| S |1167] ft W33 X 118 $14.53 15.90
Overhang 2 ft W30 X 124 $15.10 16.52
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel)
Full Width w 39 ft W30 X 90 $14.23 15.17
Slab Thickness| Ts 8 in W27 X 94 $14.71 15.68
No. of girders | Nb 5 W30 X 99 $15.31 16.32
Girder spacing| S 8.75 | ft w27 X 102 $15.67 16.71
Overhang 2 ft W24 X 103 $15.79 16.84
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel)
Full Width w 39 ft w27 X 84 $15.79 16.51
Slab Thickness | Ts 8 in W24 X 84 $15.79 16.51
No. of girders Nb 6 W30 X 90 16.67 17.44
Girder spacing S 7 ft W21 X 93 17.10 17.90
Overhang 2 ft W27 X 94 17.25 18.05
55 — 60-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft Depth foot (Steel) (Steel)
Full Width i 39 ft W36 X 135 $16.11 17.62
Slab Thickness| Ts 9 in W33 X 141 $16.67 18.24
No. of girders | Nb 4 W30 X 148 $17.31 18.95
Girder spacing| S |1167] ft W40 X 149 $17.40 19.06
Overhang 2 ft W36 X 150 $17.50 19.16
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft | Depth foot (Steel) (Steel)
Full Width W 39 ft W30 X 116 $17.32 18.47
Slab Thickness| Ts 8 in W33 X 118 $17.55 18.72
No. of girders | Nb 5 W30 X 124 $18.26 19.49
Girder spacing| S 8.75 | ft w27 X 129 $18.85 20.13
Overhang 2 ft W33 X 130 $18.96 20.26
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft | Depth foot (Steel) (Steel)
Full Width w 39 [ ft W30 X 99 $17.94 18.78
Slab Thickness| Ts 8 in W30 X 108 $19.23 20.16
No. of girders | Nb 6 W27 X 114 $20.09 21.08
Girder spacing| S 7 ft W30 X 116 $20.37 21.39
Overhang 2 ft W24 X 117 $20.52 21.54

65 — 70-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft Depth foot (Steel) (Steel)
Full Width \ 39 ft W40 X 167 $19.03 20.88
Slab Thickness| Ts 9 in | W36 X 170 $19.30 21.19
No. of girders | Nb 4 W36 X 182 $20.37 22.42
Girder spacing| S | 1167] ft W40 X 183 $20.46 22.52
Overhang 2 ft W30 X 191 $21.16 23.34
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft | Depth foot (Steel) (Steel)
Full Width W 39 ft W36 X 135 $19.57 20.93
Slab Thickness| Ts 8 in W33 X 141 $20.26 21.70
No. of girders | Nb 5 W30 X 148 $21.07 22.60
Girder spacing| S 8.75 | ft W40 X 149 $21.18 22.73
Overhang 2 ft W36 X 150 $21.30 22.85
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft | Depth foot (Steel) (Steel)
Full Width w 39 [ ft W33 X 118 $20.70 21.76
Slab Thickness| Ts 8 in W33 X 130 $22.39 23.60
No. of girders | Nb 6 W30 X 132 $22.67 23.91
Girder spacing| S 7 ft W36 X 135 $23.09 24.37
Overhang 2 ft W33 X 141 $23.93 25.30
70 — 80-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 199 $21.83 24.12
Slab Thickness| Ts 9 in W40 X 211 $22.87 25.35
No. of girders | Nb 4 W40 X 215 $23.21 25.76
Girder spacing| S |1167] ft W33 X 221 $23.73 26.38
Overhang 2 ft W36 X 231 $24.57 27.40
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 167 $23.17 24.95
Slab Thickness| Ts 8 in W36 X 170 $23.51 25.33
No. of girders | Nb 5 W36 X 182 $24.84 26.87
Girder spacing| S 8.75 | ft W40 X 183 $24.95 27.00
Overhang 2 ft W30 X 191 $25.84 28.03
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width W 39 ft W40 X 149 $24.95 26.42
Slab Thickness| Ts 8 in W36 X 150 $25.09 26.57
No. of girders | Nb 6 W33 X 152 $25.36 26.88
Girder spacing| S 7 ft W36 X 160 $26.46 28.11
Overhang 2 ft W40 X 167 $27.40 29.19
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Two Span .9L - L Design Table — 39 ft. width

80 — 90-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width \ 39 ft W40 X 249 $25.99 29.12
Slab Thickness| Ts 9 in W36 X 262 $27.05 30.45
No. of girders | Nb 4 W40 X 264 $27.21 30.66
Girder spacing| S |1167] ft W40 X 277 $28.26 31.99
Overhang 2 ft W40 X 278 $28.34 32.10
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 199 $26.64 28.95
Slab Thickness| Ts 8 in W36 X 210 $27.83 30.36
No. of girders | Nb 5 W40 X 211 $27.94 30.49
Girder spacing| S 8.75 | ft W40 X 215 $28.36 31.00
Overhang 2 ft W33 X 221 $29.00 31.77
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 39 [ ft W40 X 167 27.33 29.10
Slab Thickness| Ts 8 in W36 X 182 29.35 31.40
No. of girders | Nb 6 W40 X 183 29.48 31.56
Girder spacing| S 7 ft W36 X 194 30.93 33.25
Overhang 2 ft W40 X 199 31.59 34.02
90 — 100-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 297 $29.92 34.16
Slab Thickness| Ts 9 in W40 X 324 $31.99 36.93
No. of girders | Nb 4 W40 X 327 $32.22 37.23
Girder spacing| S |1167] ft W36 X 330 $32.44 37.54
Overhang 2 ft W40 X 331 $32.52 37.64
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 235 $30.57 33.68
Slab Thickness| Ts 8 in W36 X 247 $31.81 35.22
No. of girders | Nb 5 W40 X 249 $32.02 35.47
Girder spacing| S 8.75 | ft W36 X 256 $32.74 36.37
Overhang 2 ft W36 X 262 $33.35 37.14
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width w 39 [ ft W40 X 199 $31.68 34.14
Slab Thickness| Ts 8 in W40 X 211 $33.24 35.99
No. of girders | Nb 6 W40 X 215 $33.75 36.60
Girder spacing| S 7.00 | ft W33 X 221 $34.52 37.53
Overhang 2 ft W36 X 231 $35.79 39.06
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45 — 50-ft. span

Two Span .9L - L Design Table — 44 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W30 X 116 $12.88 14.24
Slab Thickness| Ts 9 in W33 X 118 $13.05 14.42
No. of girders | Nb 4 W30 X 124 $13.55 14.97
Girder spacing| S 13 | ft w27 X 129 $13.96 15.42
Overhang 25 | ft W33 X 130 $14.05 15.51
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W30 X 99 $13.72 14.76
Slab Thickness| Ts | 8.25 | in W27 X 102 $14.04 15.10
No. of girders | Nb 5 W24 X 104 $14.25 15.33
Girder spacing| S 9.75 | ft W30 X 108 $14.68 15.78
Overhang 25 | ft W27 X 114 $15.31 16.47
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 50 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W27 X 84 $14.13 14.91
Slab Thickness | Ts 8 in W30 X 90 $14.91 15.73
No. of girders Nb 6 w27 X 94 15.42 16.27
Girder spacing S 7.8 | ft W24 X 94 15.42 16.27
Overhang 25 | ft W30 X 99 16.07 16.95
55- 60-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft Depth foot (Steel) (Steel)
Full Width i 44 ft W40 X 149 $15.59 17.21
Slab Thickness| Ts 9 in W36 X 150 $15.67 17.30
No. of girders | Nb 4 W33 X 152 $15.83 17.49
Girder spacing| S 13 | ft W36 X 160 $16.48 18.21
Overhang 25 | ft W40 X 167 $17.04 18.85
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft | Depth foot (Steel) (Steel)
Full Width W 44 ft W33 X 118 $15.70 16.88
Slab Thickness| Ts | 825 | in W33 X 130 $16.95 18.25
No. of girders | Nb 5 W30 X 132 $17.16 18.47
Girder spacing| S 9.75 | ft W36 X 135 $17.47 18.81
Overhang 25 | ft W33 X 141 $18.09 19.50
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 60 ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W30 X 108 $17.18 18.14
Slab Thickness| Ts 8 in w27 X 114 $17.94 18.96
No. of girders | Nb 6 W30 X 116 $18.19 19.23
Girder spacing| S 7.8 | ft W33 X 118 $18.44 19.50
Overhang 25 | ft W30 X 124 $19.20 20.32

65 — 70-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft Depth foot (Steel) (Steel)
Full Width \ 44 ft W36 X 182 $18.21 20.19
Slab Thickness| Ts 9 in W40 X 183 $18.29 20.28
No. of girders | Nb 4 W36 X 194 $19.15 21.28
Girder spacing| S 13 | ft W40 X 199 $19.54 21.74
Overhang 25 | ft W33 X 201 $19.69 21.92
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft | Depth foot (Steel) (Steel)
Full Width W 44 ft W40 X 149 $18.92 20.43
Slab Thickness| Ts | 825 | in W36 X 150 $19.02 20.55
No. of girders | Nb 5 W33 X 152 $19.23 20.77
Girder spacing| S 9.75 | ft W36 X 160 $20.03 21.68
Overhang 25 | ft W40 X 167 $20.73 22.48
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 70 ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W33 X 130 $19.99 21.20
Slab Thickness| Ts 8 in W36 X 135 $20.61 21.88
No. of girders | Nb 6 W33 X 141 $21.35 22.70
Girder spacing| S 7.8 | ft w27 X 146 $21.96 23.38
Overhang 25 | ft W30 X 148 $22.20 23.65
70 — 80-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 215 $20.73 23.15
Slab Thickness| Ts 9 in W36 X 231 $21.94 24.60
No. of girders | Nb 4 W36 X 232 $22.01 24.69
Girder spacing| S 13 | ft W40 X 235 $22.23 24.97
Overhang 25 | ft W33 X 241 $22.68 25.51
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 183 $22.26 24.21
Slab Thickness| Ts 8.25 | in W36 X 194 $23.33 25.46
No. of girders | Nb 5 W40 X 199 $23.82 26.03
Girder spacing| S 9.75 | ft W33 X 201 $24.01 26.26
Overhang 25 | ft W36 X 210 $24.87 27.28
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width W 44 ft W40 X 149 $22.25 23.68
Slab Thickness| Ts 8 in W36 X 160 $23.58 25.18
No. of girders | Nb 6 W40 X 167 $24.42 26.13
Girder spacing| S 7.8 | ft W33 X 169 $24.66 26.41
Overhang 25 | ft W36 X 170 $24.78 26.54
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80 — 90-ft. span

Two Span .9L - L Design Table — 44 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width \ 44 ft W40 X 277 $25.20 28.66
Slab Thickness| Ts 9 in W40 X 278 $25.27 28.75
No. of girders | Nb 4 W36 X 282 $25.55 29.11
Girder spacing| S 13 | ft W40 X 294 $26.39 30.20
Overhang 25 | ft W40 X 297 $26.60 30.48
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 211 $24.90 27.29
Slab Thickness| Ts | 8.25 | in W40 X 215 $25.28 27.75
No. of girders | Nb 5 W36 X 231 $26.78 29.57
Girder spacing| S 9.75 | ft W36 X 232 $26.88 29.68
Overhang 25 | ft W40 X 235 $27.15 30.02
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W40 X 183 26.26 28.23
Slab Thickness| Ts 8 in W36 X 194 27.54 29.73
No. of girders | Nb 6 W40 X 199 28.12 30.41
Girder spacing| S 7.8 | ft W33 X 201 28.36 30.68
Overhang 25 | ft W36 X 210 29.39 31.91
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90 — 100-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width \ 44 ft W40 X 324 $28.51 33.04
Slab Thickness| Ts 9 in | W36 X 361 $30.93 36.41
No. of girders | Nb 4 W40 X 362 $31.00 36.50
Girder spacing| S 13 | ft W40 X 372 $31.63 37.41
Overhang 25 | ft W33 X 387 $32.57 38.77
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width W 44 ft W40 X 249 $28.52 3173
Slab Thickness| Ts | 825 | in W40 X 264 $29.88 33.43
No. of girders | Nb 5 W40 X 277 $31.04 34.91
Girder spacing| S 9.75 | ft W40 X 278 $31.13 35.02
Overhang 25 | ft W36 X 282 $31.48 35.48
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W40 X 215 $30.05 32.71
Slab Thickness| Ts 8 in W36 X 231 $31.86 34.89
No. of girders | Nb 6 W36 X 232 $31.97 35.03
Girder spacing| S 7.80 | ft W40 X 235 $32.30 35.44
Overhang 25 | ft W33 X 241 $32.97 36.25




45 — 50-ft. span

Two Span .9L - L Design Table - 56 ft. width

65 — 70-ft. span

Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot Nominal per linear| Foot | Square Foot
Longest Span L 50 | ft | Depth foot (Steel) (Steel) Longest Span L 70 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W30 X 99 $12.97 14.02 Full Width i 56 ft W40 X 149 $17.89 19.39
Slab Thickness| Ts 8.5 | in W27 X 102 $13.27 14.34 Slab Thickness| Ts 85 | in W36 X 150 $17.99 19.50
No. of girders | Nb 6 W30 X 108 $13.87 14.98 No. of girders | Nb 6 W36 X 160 $18.94 20.57
Girder spacing| S 104 | ft w27 X 114 $14.47 15.62 Girder spacing| S 104 | ft W40 X 167 $19.60 21.32
Overhang 2 ft W30 X 116 $14.67 15.84 Overhang 2 ft W33 X 169 $19.79 21.53
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear| Foot | Square Foot
Longest Span L 50 | ft | Depth foot (Steel) (Steel) Longest Span L 70 | ft | Depth foot (Steel) (Steel)
Full Width i 56 ft W30 X 90 $13.76 14.63 Full Width w 56 ft W36 X 135 $19.00 20.29
Slab Thickness| Ts 8 in W27 X 94 $14.23 15.13 Slab Thickness| Ts 8 in W33 X 141 19.68 21.04
No. of girders | Nb 7 W24 X 94 $14.23 15.13 No. of girders | Nb 7 W30 X 148 20.46 2191
Girder spacing| S [8.667] ft W30 X 99 $14.82 15.76 Girder spacing| S [8.667] ft W40 X 149 20.57 22.04
Overhang 2 ft W21 X 101 $15.06 16.01 Overhang 2 ft W36 X 150 $20.69 22.16
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear| Foot |Square Foot
Longest Span L 50 | ft | Depth foot (Steel) (Steel) Longest Span L 70 | ft [ Depth foot (Steel) (Steel)
Full Width w 56 ft W27 X 84 $14.67 15.39 Full Width w 56 ft W33 X 118 $19.25 20.29
Slab Thickness | Ts 8 in W24 X 84 $14.67 15.39 Slab Thickness| Ts 8 in W33 X 130 $20.82 22.00
No. of girders [ Nb 8 w30 | X 90 15.48 16.25 No. of girders [ Nb 8 w30 | X 132 21.08 2229
Girderspacing| S [ 743 ft [ w21 [ X 93 15.89 16.68 Girderspacing| S [ 743 | ft | W36 | X 135 21.47 22.72
Overhang 2 ft W27 X 94 16.02 16.82 Overhang 2 ft W33 X 141 22.25 23.58
55 — 60-ft. span 70 — 80-ft. span
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear| Foot | Square Foot
Longest Span L 60 | ft [ Depth foot (Steel) (Steel) Longest Span L 80 [ ft [ Depth foot (Steel) (Steel)
Full Width \ 56 ft W33 X 130 $16.01 17.29 Full Width w 56 ft W40 X 183 21.02 22.92
Slab Thickness| Ts | 85 [ in [ w30 | X 132 $16.21 17.51 Slab Thickness| Ts | 85 | in [ W36 | X 194 22.03 24.10
No. of girders [ Nb [ 6 w3 [ X 135 $16.50 17.83 No. of girders | Nb | 6 w4 [ X 199 22.49 24.63
Girder spacing| S 104 | ft W33 X 141 $17.08 18.47 Girder spacing| S 104 | ft W33 X 201 $22.67 24.85
Overhang 2 ft W27 X 146 $17.56 19.01 Overhang 2 ft W36 X 210 $23.48 25.81
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear| Foot | Square Foot
Longest Span L 60 | ft [ Depth foot (Steel) (Steel) Longest Span L 80 | ft [ Depth foot (Steel) (Steel)
Full Width w 56 ft W30 X 116 $16.77 17.83 Full Width w 56 ft W36 X 160 $21.70 23.28
Slab Thickness| Ts 8 in W33 X 118 17.00 18.08 Slab Thickness| Ts 8 in W40 X 167 $22.48 24.16
No. of girders | Nb | 7 w30 [ x 124 17.69 18.83 No. of girders | Nb | 7 w33 [ X 169 $22.70 24.41
Girder spacing| S [8.667] ft W27 X 129 18.26 19.46 Girder spacing] S |[8.667] ft W36 X 170 $22.80 24.53
Overhang 2 [t ws [Xx 130 $18.37 19.58 Overhang 2 | ft| w3 [ X 182 $24.11 26.03
Erected Erected
Cost per Cost per
Weight | Square | Pounds per Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot Nominal per linear| Foot | Square Foot
Longest Span L 60 | ft | Depth foot (Steel) (Steel) Longest Span L 80 | ft | Depth foot (Steel) (Steel)
Full Width w 56 | ft W30 X 99 $16.65 17.48 Full Width w 56 | ft W40 X 149 $23.17 24.58
Slab Thickness| Ts 8 in W30 X 108 $17.86 18.77 Slab Thickness| Ts 8 in W36 X 150 $23.29 24.72
No. of girders | Nb | 8 w27 [ x 114 18.65 19.62 No. of girders | Nb | 8 w33 [ X 152 $23.55 25.01
Girderspacing] s [ 743 ft] w30 | X 116 18.92 19.91 Girderspacing| S [ 743 | ft | W36 | X 160 $24.56 26.15
Overhang 2 ft W24 X 117 19.05 20.05 Overhang 2 ft W40 X 167 $25.45 27.15
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80 — 90-ft. span

Two Span .9L - L Design Table - 56 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width i 56 ft W40 X 215 $23.87 26.25
Slab Thickness| Ts 85 [ in W36 X 231 $25.28 27.97
No. of girders | Nb 6 W36 X 232 $25.37 28.08
Girder spacing| S 104 | ft W40 X 235 $25.64 28.40
Overhang 2 ft W33 X 241 $26.16 29.04
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 90 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 183 $24.16 26.07
Slab Thickness| Ts 8 in W40 X 199 25.87 28.07
No. of girders | Nb 7 W33 X 201 26.08 28.32
Girder spacing] S |8.667] ft W36 X 210 27.03 29.45
Overhang 2 ft W40 X 211 $27.14 29.57
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 90 | ft | Depth foot (Steel) (Steel)
Full Width w 56 | ft W40 X 167 25.39 27.07
Slab Thickness| Ts 8 in W36 X 182 27.25 29.22
No. of girders | Nb 8 W40 X 183 27.38 29.36
Girder spacing| S 7.43 | ft W30 X 191 28.36 30.50
Overhang 2 ft W36 X 194 28.73 30.93
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90 — 100-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width i 56 ft W40 X 277 $29.31 33.02
Slab Thickness| Ts | 85 [ in [ W40 X 278 $29.39 33.13
No. of girders | Nb 6 W36 X 282 $29.73 33.56
Girder spacing| S 104 | ft W33 X 291 $30.47 34.52
Overhang 2 ft W40 X 294 $30.72 34.84
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 215 $27.64 30.20
Slab Thickness| Ts 8 in W36 X 231 29.30 32.20
No. of girders | Nb 7 W40 X 235 29.71 32.70
Girder spacing] S |8.667]| ft W36 X 247 30.93 34.20
Overhang 2 ft W40 X 249 $31.13 34.45
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 56 | ft W40 X 199 $29.43 31L.77
Slab Thickness| Ts 8 in W40 X 211 $30.88 33.49
No. of girders | Nb 8 W40 X 215 31.36 34.06
Girder spacing| S 7.43 | ft W33 X 221 32.07 34.92
Overhang 2 ft W36 X 231 33.25 36.34




65 — 80 — 65-ft. span

Three Spans Design Table - 39 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W36 X 182 $20.32 22.36
Slab Thickness| Ts 9 in W40 X 183 $20.41 22.46
No. of girders | Nb 4 W36 X 194 $21.38 23.59
Girder spacing| S | 11.67] ft W40 X 199 $21.82 24.10
Overhang 2 ft W33 X 201 $21.99 24.31
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width \ 39 ft W40 X 149 $21.12 22.64
Slab Thickness| Ts 8 in W36 X 150 $21.24 22.717
No. of girders | Nb 5 W33 X 152 $21.47 23.03
Girder spacing| S 8.75 | ft W36 X 160 $22.38 24.05
Overhang 2 ft W40 X 167 $23.17 24.95
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 39 ft W33 X 130 $22.32 2351
Slab Thickness | Ts 8 in W36 X 135 $23.02 24.28
No. of girders Nb 6 W33 X 141 23.85 25.20
Girder spacing S 7 ft w27 X 146 24.55 25.97
Overhang 2 ft W30 X 148 24.82 26.28
70 - 80 — 70-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width i 39 ft W40 X 183 $20.32 22.32
Slab Thickness| Ts 9 in W36 X 194 $21.29 23.45
No. of girders | Nb 4 W40 X 199 $21.73 23.96
Girder spacing| S | 11.67] ft W33 X 201 $21.90 24.17
Overhang 2 ft W36 X 210 $22.68 25.09
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 149 $21.03 22.51
Slab Thickness| Ts 8 in W36 X 150 21.15 22.64
No. of girders | Nb 5 W36 X 160 22.29 23.92
Girder spacing| S 8.75 | ft W40 X 167 23.08 24.82
Overhang 2 ft W33 X 169 $23.30 25.08
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 [ ft | Depth foot (Steel) (Steel)
Full Width w 39 [ ft W36 X 135 $22.93 24.16
Slab Thickness| Ts 8 in W33 X 141 $23.76 25.08
No. of girders | Nb 6 W30 X 148 24.73 26.16
Girder spacing| S 7 ft W40 X 149 24.87 26.31
Overhang 2 ft W36 X 150 25.01 26.47
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70 — 90 — 70-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width \ 39 ft W40 X 199 $21.76 24.01
Slab Thickness| Ts 9 in W40 X 211 $22.80 25.24
No. of girders | Nb 4 W40 X 215 $23.14 25.65
Girder spacing| S | 11.67] ft W36 X 231 $24.50 27.29
Overhang 2 ft W36 X 232 $24.58 27.39
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 167 $23.11 24.87
Slab Thickness| Ts 8 in W36 X 170 23.45 25.26
No. of girders | Nb 5 W36 X 182 24.79 26.79
Girder spacing| S 8.75 | ft W40 X 183 24.90 26.92
Overhang 2 ft W30 X 191 $25.78 27.95
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 | ft | Depth foot (Steel) (Steel)
Full Width w 39 [ ft W40 X 149 $24.91 26.36
Slab Thickness| Ts 8 in W36 X 150 $25.04 26.52
No. of girders | Nb 6 W33 X 152 25.32 26.82
Girder spacing| S 7 ft W36 X 160 26.41 28.05
Overhang 2 ft W40 X 167 27.36 29.13
80 — 90 — 80-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 215 23.14 25.65
Slab Thickness| Ts 9 in W36 X 231 24.50 27.29
No. of girders | Nb 4 W40 X 235 24.84 27.70
Girder spacing| S | 11.67] ft W36 X 247 $25.83 28.93
Overhang 2 ft W40 X 249 $26.00 29.14
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 90 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 183 $24.90 26.92
Slab Thickness| Ts 8 in W36 X 194 $26.11 28.33
No. of girders | Nb 5 W40 X 199 $26.65 28.97
Girder spacing| S 8.75 | ft W33 X 201 $26.87 29.23
Overhang 2 ft W36 X 210 $27.84 30.38
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width w 39 [ ft W36 X 160 $26.41 28.05
Slab Thickness| Ts 8 in W40 X 167 $27.35 29.12
No. of girders | Nb 6 W33 X 169 $27.62 29.43
Girder spacing| S 7 ft W36 X 170 $27.76 29.58
Overhang 2 ft W36 X 182 $29.36 31.43




80 — 100 — 80-ft. span

Three Spans Design Table - 39 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width \ 39 ft W40 X 249 $25.97 29.10
Slab Thickness| Ts 9 in W36 X 262 $27.04 30.44
No. of girders | Nb 4 W40 X 264 $27.20 30.64
Girder spacing| S | 11.67] ft W40 X 277 $28.25 3197
Overhang 2 ft W40 X 278 $28.33 32.08
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 199 $26.62 28.92
Slab Thickness| Ts 8 in W36 X 210 27.81 30.33
No. of girders | Nb 5 W40 X 211 27.92 30.46
Girder spacing| S 8.75 | ft W40 X 215 28.35 30.98
Overhang 2 ft W33 X 221 $28.99 31.74
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 39 [ ft W40 X 167 27.32 29.07
Slab Thickness| Ts 8 in W36 X 182 29.33 31.38
No. of girders | Nb 6 W40 X 183 29.46 31.53
Girder spacing| S 7 ft W36 X 194 30.91 33.23
Overhang 2 ft W40 X 199 31.57 34.00
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90 — 100 — 90-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width \ 39 ft W40 X 277 $28.25 31.98
Slab Thickness| Ts 9 in W40 X 294 $29.60 33.72
No. of girders | Nb 4 W40 X 297 $29.83 34.03
Girder spacing| S | 11.67] ft W36 X 302 $30.22 34.54
Overhang 2 ft W33 X 318 $31.45 36.18
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 215 $28.37 31.00
Slab Thickness| Ts 8 in W36 X 231 30.07 33.05
No. of girders | Nb 5 W36 X 232 30.17 33.18
Girder spacing| S 8.75 | ft W40 X 235 30.49 33.57
Overhang 2 ft W33 X 241 $31.11 34.34
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 39 [ ft W40 X 183 $29.49 3157
Slab Thickness| Ts 8 in W36 X 194 $30.94 33.27
No. of girders | Nb 6 W40 X 199 31.60 34.04
Girder spacing| S 7.00 | ft W33 X 201 31.86 34.34
Overhang 2 ft W36 X 210 33.03 35.73




65 — 80 — 65-ft. span

Three Spans Design Table - 44 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 199 $19.50 21.67
Slab Thickness| Ts 9 in W36 X 210 $20.34 22.67
No. of girders | Nb 4 W40 X 211 $20.42 22.77
Girder spacing| S 13 | ft W40 X 215 $20.72 23.13
Overhang 25 | ft W33 X 221 $21.17 23.67
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W36 X 160 $19.98 21.60
Slab Thickness| Ts | 8.25 | in W40 X 167 $20.68 22.40
No. of girders | Nb 5 W33 X 169 $20.88 22.62
Girder spacing| S 9.75 | ft W36 X 170 $20.98 22.74
Overhang 25 | ft W30 X 173 $21.27 23.08
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W36 X 135 $20.54 21.78
Slab Thickness | Ts 8 in W33 X 141 $21.28 22.60
No. of girders Nb 6 W30 X 148 22.13 23.55
Girder spacing | S 78 | ft W40 X 149 22.26 23.69
Overhang 25 | ft W36 X 150 22.38 23.83
70 — 80 — 70-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width i 44 ft W40 X 199 $19.41 21.54
Slab Thickness| Ts 9 in W40 X 211 $20.33 22.63
No. of girders | Nb 4 W40 X 215 $20.63 22.99
Girder spacing| S 13 | ft W33 X 221 $21.09 23.54
Overhang 25 | ft W36 X 231 $21.84 24.45
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width W 44 ft W40 X 167 $20.59 22.27
Slab Thickness| Ts | 825 | in W36 X 170 $20.89 22.61
No. of girders [ Nb 5 W36 X 182 $22.08 23.98
Girder spacing| S 9.75 | ft W40 X 183 $22.17 24.09
Overhang 25 | ft W30 X 191 $22.96 25.00
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W40 X 149 $22.17 23.57
Slab Thickness| Ts 8 in W36 X 150 $22.29 23.71
No. of girders | Nb 6 W33 X 152 $22.53 23.98
Girder spacing| S 7.8 | ft W36 X 160 $23.50 25.07
Overhang 25 | ft W40 X 167 $24.34 26.03
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70 — 90 — 70-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width \ 44 ft W40 X 215 $20.66 23.04
Slab Thickness| Ts 9 in W36 X 231 $21.87 24.49
No. of girders | Nb 4 W40 X 235 $22.16 24.86
Girder spacing| S 13 | ft W36 X 247 $23.05 25.95
Overhang 25 | ft ‘W40 X 249 $23.20 26.13
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width W 44 ft W40 X 183 $22.21 24.14
Slab Thickness| Ts | 825 | in W36 X 194 $23.28 25.39
No. of girders | Nb 5 W40 X 199 $23.76 25.96
Girder spacing| S 9.75 | ft W33 X 201 $23.96 26.18
Overhang 25 | ft W36 X 210 $24.82 27.21
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W36 X 160 $23.54 25.12
Slab Thickness| Ts 8 in W40 X 167 $24.38 26.08
No. of girders | Nb 6 W33 X 169 $24.62 26.35
Girder spacing| S 7.8 | ft W36 X 170 $24.74 26.49
Overhang 25 | ft W30 X 173 $25.10 26.90
80 — 90 — 80-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 249 $23.20 26.13
Slab Thickness| Ts 9 in W36 X 262 $24.14 27.31
No. of girders | Nb 4 W40 X 264 $24.29 27.50
Girder spacing| S 13 | ft W40 X 277 $25.21 28.68
Overhang 25 | ft W40 X 278 $25.28 28.77
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 199 $23.76 25.95
Slab Thickness| Ts 8.25 | in W36 X 210 $24.82 27.20
No. of girders | Nb 5 W40 X 211 $24.91 27.32
Girder spacing| S 9.75 | ft W40 X 215 $25.29 27.77
Overhang 25 | ft W33 X 221 $25.86 28.45
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width W 44 ft W40 X 167 $24.37 26.07
Slab Thickness| Ts 8 in W36 X 182 $26.16 28.12
No. of girders | Nb 6 W40 X 183 $26.27 28.25
Girder spacing| S 7.8 | ft W30 X 191 $27.21 29.34
Overhang 25 | ft W36 X 194 $27.56 29.75




80 — 100 — 80-ft. span

Three Spans Design Table - 44 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width \ 44 ft W40 X 277 $25.19 28.64
Slab Thickness| Ts 9 in | w40 X 294 $26.38 30.19
No. of girders | Nb 4 W40 X 297 $26.59 30.46
Girder spacing| S 13 | ft W36 X 302 $26.93 30.91
Overhang 25 | ft W33 X 318 $28.02 32.37
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 215 $25.26 27.73
Slab Thickness| Ts | 825 | in W36 X 231 $26.77 29.54
No. of girders [ Nb 5 W36 X 232 $26.86 29.66
Girder spacing| S 9.75 | ft W40 X 235 $27.14 30.00
Overhang 25 | ft W33 X 241 $27.69 30.68
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W40 X 183 26.24 28.20
Slab Thickness| Ts 8 in W36 X 194 27.53 29.70
No. of girders | Nb 6 W40 X 199 28.11 30.38
Girder spacing| S 7.8 | ft W33 X 201 28.34 30.66
Overhang 25 | ft W36 X 210 29.37 31.88
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90 — 100 — 90-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width \ 44 ft W40 X 297 $26.59 30.46
Slab Thickness| Ts 9 in W40 X 324 $28.43 32.92
No. of girders | Nb 4 W40 X 327 $28.63 33.19
Girder spacing| S 13 | ft W36 X 330 $28.83 33.46
Overhang 25 | ft ‘W40 X 331 $28.90 33.56
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width W 44 ft W36 X 247 $28.26 31.39
Slab Thickness| Ts | 8.25 | in W40 X 249 $28.45 31.62
No. of girders [ Nb 5 W36 X 256 $29.08 3241
Girder spacing| S 9.75 | ft W36 X 262 $29.63 33.09
Overhang 25 | ft W33 X 263 $29.72 33.21
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 44 | ft W40 X 199 $28.14 30.42
Slab Thickness| Ts 8 in W40 X 211 $29.52 32.06
No. of girders | Nb 6 W40 X 215 $29.97 32.61
Girder spacing| S 7.80 | ft W33 X 221 $30.65 33.42
Overhang 25 | ft W36 X 231 $31.78 34.79




65 — 80 — 65-ft. span

Three Spans Design Table - 56 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W36 X 160 $18.87 20.47
Slab Thickness| Ts 85 | in W40 X 167 $19.53 21.22
No. of girders | Nb 6 W33 X 169 $19.72 2143
Girder spacing| S 104 | ft W36 X 170 $19.82 21.54
Overhang 2 ft W36 X 182 $20.93 22.82
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 149 $20.50 21.93
Slab Thickness| Ts 8 in W36 X 150 $20.61 22.05
No. of girders | Nb 7 W33 X 152 $20.83 22.30
Girder spacing| S [ 8.667] ft W36 X 160 $21.72 23.30
Overhang 2 ft ‘W40 X 167 $22.49 24.18
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width w 56 ft W33 X 130 $20.74 21.89
Slab Thickness | Ts 8 in W36 X 135 $21.39 22.60
No. of girders Nb 8 W33 X 141 22.16 23.46
Girder spacing S 743 | ft w27 X 146 22.80 24.18
Overhang 2 ft W30 X 148 23.06 24.46
70 — 80 — 70-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft Depth foot (Steel) (Steel)
Full Width i 56 ft W40 X 167 $19.45 21.09
Slab Thickness| Ts 85 | in W36 X 170 $19.73 21.42
No. of girders | Nb 6 W36 X 182 $20.85 22.70
Girder spacing| S 104 | ft W40 X 183 $20.94 22.81
Overhang 2 ft W30 X 191 $21.68 23.67
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width W 56 ft W40 X 149 $20.41 21.81
Slab Thickness| Ts 8 in W36 X 150 $20.52 21.94
No. of girders | Nb 7 W33 X 152 $20.75 22.19
Girder spacing| S |[8.667] ft W36 X 160 $21.64 23.19
Overhang 2 ft W40 X 167 $22.41 24.06
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 80 ft | Depth foot (Steel) (Steel)
Full Width w 56 | ft W36 X 135 $21.30 22.49
Slab Thickness| Ts 8 in W33 X 141 $22.08 23.35
No. of girders | Nb 8 W30 X 148 $22.97 24.35
Girder spacing| S 7.43 | ft W40 X 149 $23.10 24.49
Overhang 2 ft W36 X 150 $23.23 24.63

70 — 90 — 70-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width \ 56 ft W40 X 183 $20.98 22.86
Slab Thickness| Ts 85 | in W36 X 194 $21.99 24.04
No. of girders | Nb 6 W40 X 199 $22.45 24.58
Girder spacing| S 104 | ft W33 X 201 $22.63 24.79
Overhang 2 ft W36 X 210 $23.44 25.75
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width W 56 ft W40 X 167 $22.44 24.11
Slab Thickness| Ts 8 in W36 X 170 $22.77 24.49
No. of girders | Nb 7 W36 X 182 $24.08 25.99
Girder spacing| S |[8.667] ft W40 X 183 $24.19 26.11
Overhang 2 ft W30 X 191 $25.05 27.11
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 56 | ft W40 X 149 $23.14 24.55
Slab Thickness| Ts 8 in W36 X 150 $23.27 24.69
No. of girders | Nb 8 W33 X 152 $23.52 24.97
Girder spacing| S 7.43 | ft W36 X 160 $24.54 26.12
Overhang 2 ft W40 X 167 $25.42 27.12
80 — 90 — 80-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 199 $22.44 24.57
Slab Thickness| Ts 85 | in W40 X 211 $23.53 25.85
No. of girders | Nb 6 W40 X 215 $23.88 26.28
Girder spacing| S 104 | ft W33 X 221 $24.42 26.92
Overhang 2 ft W36 X 231 $25.30 28.00
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W36 X 182 $24.07 25.98
Slab Thickness| Ts 8 in W40 X 183 $24.18 26.10
No. of girders | Nb 7 W36 X 194 $25.36 27.48
Girder spacing| S |8.667]| ft W40 X 199 $25.89 28.10
Overhang 2 ft W33 X 201 $26.10 28.35
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 90 ft Depth foot (Steel) (Steel)
Full Width w 56 | ft W36 X 160 $24.53 26.10
Slab Thickness| Ts 8 in W40 X 167 $25.41 27.10
No. of girders | Nb 8 W33 X 169 $25.66 27.39
Girder spacing| S 7.43 | ft W36 X 170 $25.79 27.53
Overhang 2 ft W36 X 182 $27.28 29.25




80 — 100 — 80-ft. span

Three Spans Design Table - 56 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width \ 56 ft W40 X 215 $23.85 26.23
Slab Thickness| Ts 85 | in W36 X 231 $25.27 27.94
No. of girders | Nb 6 W40 X 235 $25.62 28.37
Girder spacing| S 104 | ft W36 X 247 $26.66 29.66
Overhang 2 ft W40 X 249 $26.83 29.87
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 199 $25.85 28.05
Slab Thickness| Ts 8 in W36 X 210 $27.01 29.42
No. of girders | Nb 7 W40 X 211 $27.12 29.55
Girder spacing| S |[8.667] ft W40 X 215 $27.53 30.05
Overhang 2 ft W33 X 221 $28.16 30.80
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 56 | ft W36 X 182 27.23 29.19
Slab Thickness| Ts 8 in W40 X 183 27.36 29.33
No. of girders | Nb 8 W36 X 194 28.71 30.90
Girder spacing| S 7.43 | ft W40 X 199 29.31 31.62
Overhang 2 ft W33 X 201 29.56 31.90

7

90 — 100 — 90-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft Depth foot (Steel) (Steel)
Full Width \ 56 ft W40 X 249 $26.86 29.91
Slab Thickness| Ts 85 | in W36 X 262 $27.97 3131
No. of girders | Nb 6 W40 X 264 $28.14 31.52
Girder spacing| S 104 | ft W40 X 277 $29.24 3291
Overhang 2 ft ‘W40 X 278 $29.32 33.02
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width W 56 ft W40 X 211 $27.15 29.60
Slab Thickness| Ts 8 in W40 X 215 $27.57 30.10
No. of girders | Nb 7 W36 X 231 $29.23 32.10
Girder spacing| S | 8.667| ft W36 X 232 $29.33 32.22
Overhang 2 ft W40 X 235 $29.64 32.60
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 100 | ft | Depth foot (Steel) (Steel)
Full Width w 56 | ft W40 X 183 $27.40 29.39
Slab Thickness| Ts 8 in W40 X 199 $29.36 31.67
No. of girders | Nb 8 W33 X 201 $29.60 31.96
Girder spacing| S 7.43 | ft W36 X 210 $30.68 33.24
Overhang 2 ft W40 X 211 $30.80 33.39




110-ft. span

Spans > 100 ft Design Table - 39 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 110 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 297 $43.84 49.25
Slab Thickness| Ts 8 in W40 X 324 $46.95 53.40
No. of girders | Nb 6 W40 X 327 $47.29 53.86
Girder spacing| S 7 ft W36 X 330 $47.63 54.32
Overhang 2 ft W40 X 331 $47.74 54.48
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width i 39 ft W40 X 249 $44.11 48.28
Slab Thickness| Ts 8 in W40 X 264 $46.25 50.97
No. of girders | Nb 7 W40 X 277 $48.09 53.30
Girder spacing| S [5.833[ ft W40 X 278 $48.23 53.48
Overhang 2 ft W36 X 282 $48.78 54.20
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 215 $44.46 47.75
Slab Thickness | Ts 8 in W36 X 231 $47.17 51.03
No. of girders Nb 8 W40 X 235 $47.84 51.85
Girder spacing S 5 ft W36 X 247 $49.84 54.32
Overhang 2 ft W40 X 249 50.17 54.73
120-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft Depth foot (Steel) (Steel)
Full Width i 39 ft W40 X 362 $55.71 59.33
Slab Thickness| Ts 8 in W40 | X 372 $56.78 60.87
No. of girders | Nb 6 W40 X 392 $58.89 63.95
Girder spacing| S 7 ft W36 X 395 $59.20 64.41
Overhang 2 ft W40 X 397 $59.41 64.71
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 297 $56.16 56.98
Slab Thickness| Ts 8 in W40 X 324 $59.78 61.82
No. of girders | Nb 7 W40 X 327 $60.18 62.36
Girder spacing| S [5.833( ft W36 X 330 $60.58 62.90
Overhang 2 ft W40 X 331 $60.71 63.08
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 39 [ ft W40 | X 277 $60.78 60.55
Slab Thickness| Ts 8 in W40 X 278 $60.94 60.76
No. of girders | Nb 8 W36 X 282 $61.57 61.58
Girder spacing| S 5 ft W40 X 294 $63.47 64.04
Overhang 2 ft W40 X 297 $63.94 64.66

110 — 110-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width i 39 ft W40 X 235 $36.19 39.54
Slab Thickness| Ts 8 in W36 X 247 $37.69 41.39
No. of girders | Nb 6 W40 X 249 $37.93 41.70
Girder spacing| S 7 ft W36 X 256 $38.80 42.77
Overhang 2 ft W36 X 262 $39.53 43.70
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 110 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 199 $36.56 39.14
Slab Thickness| Ts 8 in W40 X 211 $38.37 41.30
No. of girders | Nb 7 W40 X 215 $38.97 42.01
Girder spacing| S [5.833( ft W36 X 231 $41.35 44.88
Overhang 2 ft W36 X 232 $41.50 45.06
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 110 | ft | Depth foot (Steel) (Steel)
Full Width w 39 [ ft W40 | X 183 $38.74 41.03
Slab Thickness| Ts 8 in W36 X 194 $40.68 43.29
No. of girders | Nb 8 W40 X 199 $41.55 44.31
Girder spacing| S 5 ft W33 X 201 $41.90 44.72
Overhang 2 ft W36 X 210 $43.46 46.57
120 — 120-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 277 $43.58 46.00
Slab Thickness| Ts 8 in W40 X 294 $45.60 48.61
No. of girders | Nb 6 W40 X 297 $45.95 49.08
Girder spacing| S 7 ft W36 X 302 $46.54 49.85
Overhang 2 ft W33 X 318 $48.38 52.31
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W36 X 247 $46.30 47.75
Slab Thickness| Ts 8 in W40 X 249 $46.59 48.11
No. of girders | Nb 7 W36 X 256 $47.59 49.36
Girder spacing| S |5.833]| ft W36 X 262 $48.45 50.44
Overhang 2 ft W33 X 263 $48.59 50.62
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft Depth foot (Steel) (Steel)
Full Width W 39 ft W40 X 211 $46.61 46.76
Slab Thickness| Ts 8 in W40 X 215 $47.30 47.58
No. of girders | Nb 8 W36 X 231 $50.02 50.87
Girder spacing| S 5 ft W36 X 232 $50.18 51.07
Overhang 2 ft W40 X 235 $50.69 51.69
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100 — 110 — 100-ft. span

Spans > 100 ft Design Table - 39 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width i 39 ft W40 X 215 $33.63 36.45
Slab Thickness| Ts 8 in W36 | X 231 $35.67 38.91
No. of girders | Nb 6 W40 X 235 $36.18 39.53
Girder spacing| S 7 ft W36 X 247 $37.67 41.37
Overhang 2 ft W40 X 249 $37.92 41.68
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 110 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 199 $36.54 39.12
Slab Thickness| Ts 8 in W36 X 210 $38.21 41.10
No. of girders | Nb 7 W40 X 211 $38.36 41.28
Girder spacing| S [5.833( ft W40 X 215 $38.96 41.99
Overhang 2 ft W33 X 221 $39.85 43.07
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 110 | ft | Depth foot (Steel) (Steel)
Full Width w 39 [ ft W36 | X 182 38.55 40.80
Slab Thickness| Ts 8 in W40 X 183 38.73 41.01
No. of girders | Nb 8 W36 X 194 40.66 43.27
Girder spacing| S 5 ft W40 X 199 41.54 44.29
Overhang 2 ft W33 X 201 41.88 44.70
100 — 120 — 100-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W36 X 247 $39.38 41.41
Slab Thickness| Ts 8 in W40 X 249 $39.63 41.72
No. of girders | Nb 6 W36 X 262 $41.23 43.72
Girder spacing| S 7 ft W33 X 263 $41.35 43.87
Overhang 2 ft W40 X 264 $41.47 44.02
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 211 $40.35 41.31
Slab Thickness| Ts 8 in W40 X 215 $40.95 42.03
No. of girders | Nb 7 W36 X 231 $43.33 44.90
Girder spacing| S [5.833( ft W36 X 232 $43.48 45.08
Overhang 2 ft W40 X 235 $43.92 45.62
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft Depth foot (Steel) (Steel)
Full Width w 39 | ft W40 | X 183 $41.00 41.05
Slab Thickness| Ts 8 in W40 X 199 $43.81 44.33
No. of girders | Nb 8 W33 X 201 $44.16 44.74
Girder spacing| S 5.00 | ft W36 X 210 $45.72 46.59
Overhang 2 ft W40 X 211 $45.89 46.79
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110 — 120 — 110-ft. span

Erected
Cost per
Weight  [Square Pounds per
Nominal per linear|Foot Square Foot
Longest Span L 120 | ft |Depth foot (Steel) (Steel)
Full Width i 39 ft W40 X 249 $39.50 41.68
Slab Thickness| Ts 8 in W40 X 277 $42.91 45.98
No. of girders | Nb 6 W40 X 278 $43.03 46.14
Girder spacing| S 7 ft W36 X 282 $43.51 46.75
Overhang 2 ft W33 X 291 $44.58 48.14
Erected
Cost per
Weight [Square Pounds per
Nominal per linear|Foot Square Foot
Longest Span L 120 | ft [Depth foot (Steel) (Steel)
Full Width w 39 ft W40 X 215 $40.81 42.00
Slab Thickness| Ts 8 in W36 X 231 $43.18 44.87
No. of girders | Nb 7 W40 X 235 $43.77 45.59
Girder spacing| S [5.833( ft W36 X 247 $45.52 47.74
Overhang 2 ft W40 X 249 $45.81 48.10
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 39 [ ft W40 | X 199 $43.65 44.30
Slab Thickness | Ts 8 in W40 X 211 $45.73 46.76
No. of girders Nb 8 W40 X 215 $46.41 47.58
Girder spacing | S 5 ft W33 X 221 $47.44 48.81
Overhang 2 ft W36 X 231 $49.13 50.86




110-ft. span

Spans > 100 ft Design Table - 44 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 110 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 324 $41.79 47.67
Slab Thickness| Ts 8 in W36 X 361 $45.42 52.71
No. of girders | Nb 6 W40 X 362 $45.51 52.85
Girder spacing| S 8 ft W40 X 372 $46.47 54.21
Overhang 2 ft W33 X 387 $47.87 56.26
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width i 44 ft W40 X 277 $42.78 47.57
Slab Thickness| Ts 8 in W40 X 294 $44.87 50.27
No. of girders | Nb 7 W40 X 297 $45.23 50.75
Girder spacing| S [6.667] ft W36 X 302 $45.84 51.54
Overhang 2 ft W33 X 318 $47.74 54.09
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 249 $44.63 48.82
Slab Thickness | Ts 8 in W36 X 262 $46.51 51.18
No. of girders Nb 8 W40 X 264 46.80 51.54
Girder spacing S [5714] ft W40 X 277 48.66 53.91
Overhang 2 ft W40 X 278 48.80 54.09
120-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 324 $53.16 55.13
Slab Thickness| Ts 8 in W36 X 361 $57.40 61.02
No. of girders | Nb 7 W40 X 362 57.51 61.17
Girder spacing| S 6.667| ft W40 X 372 58.62 62.77
Overhang 2 ft W33 X 387 60.26 65.15
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 297 $56.83 57.63
Slab Thickness| Ts 8 in W40 X 324 $60.51 62.54
No. of girders | Nb 8 W40 X 327 60.91 63.09
Girder spacing| S [5.714] ft W36 X 330 61.31 63.63
Overhang 2 ft W40 X 331 61.44 63.81

110 — 110-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 249 $33.78 37.27
Slab Thickness| Ts 8 in W40 X 264 $35.41 39.32
No. of girders | Nb 6 W40 X 277 $36.80 41.09
Girder spacing| S 8 ft W40 X 278 $36.91 41.23
Overhang 2 ft W36 X 282 $37.33 41.77
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 215 34.70 37.54
Slab Thickness| Ts 8 in | W36 X 231 36.80 40.08
No. of girders | Nb 7 W40 X 235 37.32 40.72
Girder spacing| S [6.667| ft W36 X 247 $38.87 42.63
Overhang 2 ft W40 X 249 $39.13 42.95
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 199 $36.98 39.57
Slab Thickness| Ts 8 in W40 X 211 38.82 41.75
No. of girders | Nb 8 W40 X 215 39.43 42.48
Girder spacing] S |[5.714] ft W33 X 221 40.33 43.57
Overhang 2 ft W36 X 231 $41.83 45.38
120 — 120-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 297 $40.89 43.81
Slab Thickness| Ts 8 in W40 X 324 $43.65 47.50
No. of girders | Nb 6 W40 X 327 $43.95 47.90
Girder spacing| S 8 ft W36 X 330 $44.25 48.31
Overhang 2 ft W40 X 331 $44.35 48.45
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 277 $44.97 47.40
Slab Thickness| Ts 8 in W40 X 278 $45.09 47.55
No. of girders | Nb 7 W36 X 282 $45.59 48.19
Girder spacing| S [6.667| ft W33 X 291 $46.69 49.62
Overhang 2 ft W40 X 294 $47.06 50.10
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 235 $45.07 46.10
Slab Thickness| Ts 8 in W36 X 247 $46.84 48.28
No. of girders | Nb 8 W40 X 249 $47.14 48.65
Girder spacing] S |[5.714] ft W36 X 256 $48.16 49.92
Overhang 2 ft W36 X 262 $49.02 51.01
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100 — 110 — 100-ft. span

Spans > 100 ft Design Table - 44 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 249 $33.77 37.26
Slab Thickness| Ts 8 in W36 X 262 $35.18 39.03
No. of girders | Nb 6 W40 X 264 $35.40 39.30
Girder spacing| S 8 ft W40 X 277 $36.79 41.08
Overhang 2 ft W40 X 278 $36.90 41.21
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 211 34.15 36.88
Slab Thickness| Ts 8 in W40 X 215 34.68 37.52
No. of girders | Nb 7 W36 X 231 36.79 40.07
Girder spacing| S [6.667| ft W36 X 232 $36.92 40.23
Overhang 2 ft W40 X 235 $37.31 40.70
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 199 $36.96 39.55
Slab Thickness| Ts 8 in W36 X 210 38.65 41.55
No. of girders | Nb 8 W40 X 211 38.80 41.73
Girder spacing] S |[5.714] ft W40 X 215 39.41 42.45
Overhang 2 ft W33 X 221 $40.32 43.55
100 — 120 — 100-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 277 38.31 41.11
Slab Thickness| Ts 8 in W40 X 278 38.42 41.25
No. of girders | Nb 6 W36 X 282 38.84 41.79
Girder spacing| S 8 ft W40 X 294 40.10 43.43
Overhang 2 ft W40 X 297 40.41 43.84
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 235 $39.08 40.74
Slab Thickness| Ts 8 in W36 X 247 $40.63 42.65
No. of girders | Nb 7 W40 X 249 $40.88 42.97
Girder spacing| S [6.667| ft W36 X 256 $41.78 44.08
Overhang 2 ft W36 X 262 $42.53 45.04
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot |Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 199 $38.98 39.58
Slab Thickness| Ts 8 in W40 X 211 $40.82 41.77
No. of girders | Nb 8 W40 X 215 $41.43 42.49
Girder spacing] S |[5.714] ft W36 X 231 $43.84 45.40
Overhang 2 ft W36 X 232 $43.99 45.58
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110 — 120 — 110-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 277 $38.19 41.07
Slab Thickness| Ts 8 in W40 X 297 $40.29 43.80
No. of girders | Nb 6 W36 X 302 $40.81 44.48
Girder spacing| S 8.00 | ft W40 X 324 $43.05 47.48
Overhang 2 ft W40 X 327 $43.35 47.89
Erected
Cost per
Weight |Square Pounds per
Nominal per linear|Foot Square Foot
Longest Span L 120 | ft |Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 249 40.75 42.93
Slab Thickness| Ts 8 in W36 X 262 42.40 45.00
No. of girders | Nb 7 W40 X 264 42.66 45.32
Girder spacing| S [6.667| ft W40 X 277 $44.28 47.39
Overhang 2 ft W40 X 278 $44.40 47.54
Erected
Cost per
Weight |Square Pounds per
Nominal per linear|Foot Square Foot
Longest Span L 120 | ft |Depth foot (Steel) (Steel)
Full Width w 44 ft W40 X 215 $41.28 42.46
Slab Thickness| Ts 8 in W36 X 231 43.69 45.37
No. of girders | Nb 8 W40 X 235 44.29 46.10
Girder spacing] S |[5.714] ft W36 X 247 46.06 48.28
Overhang 2 ft W40 X 249 $46.35 48.64




110-ft. span

Spans > 100 ft Design Table — 56 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 297 $40.72 45.80
Slab Thickness| Ts 8 in W36 X 302 $41.27 46.51
No. of girders | Nb 8 W40 X 324 $43.61 49.66
Girder spacing| S [7.429] ft W40 X 327 $43.93 50.08
Overhang 2 ft W36 X 330 $44.24 50.51
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 249 $39.58 43.43
Slab Thickness| Ts 8 in W40 X 277 $43.14 47.93
No. of girders | Nb 9 W40 X 278 $43.26 48.09
Girder spacing| S 6.5 | ft W36 X 282 $43.76 48.73
Overhang 2 ft W40 X 294 $45.25 50.66
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 56 ft W36 X 247 $43.52 47.57
Slab Thickness| Ts 8 in W40 X 249 $43.80 47.92
No. of girders | Nb 10 W36 X 256 44.80 49.17
Girder spacing| S 5778 ft W36 X 262 45.66 50.25
Overhang 2 ft W40 X 264 45.94 50.60
120-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 324 $53.62 55.57
Slab Thickness| Ts 8 in W40 X 327 $53.98 56.05
No. of girders | Nb 9 W36 X 330 54.33 56.53
Girder spacing| S 6.5 [ ft W40 X 331 54.45 56.69
Overhang 2 ft W33 X 354 57.11 60.39
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 277 $53.04 53.01
Slab Thickness| Ts 8 in W40 X 294 $55.39 56.05
No. of girders | Nb 10 W40 X 297 55.79 56.59
Girder spacing| S |5.778] ft W36 X 302 56.47 57.48
Overhang 2 ft W33 X 318 58.61 60.34

110 — 110-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 235 $33.61 36.78
Slab Thickness| Ts 8 in W36 X 247 $35.00 38.49
No. of girders | Nb 8 W40 X 249 $35.23 38.78
Girder spacing| S | 7.429] ft W36 X 256 $36.03 39.78
Overhang 2 ft W36 X 262 $36.72 40.63
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 211 $34.43 37.16
Slab Thickness| Ts 8 in W40 | X 215 $34.97 37.80
No. of girders | Nb 9 W36 X 231 $37.10 40.37
Girder spacing| S 6.5 | ft W36 X 232 $37.23 40.53
Overhang 2 ft W40 X 235 $37.63 41.01
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 199 $36.29 38.84
Slab Thickness| Ts 8 in W36 X 210 $37.95 40.80
No. of girders | Nb 10 W40 X 211 $38.10 40.98
Girder spacing| S [5.778] ft W40 X 215 $38.70 41.69
Overhang 2 ft W33 X 221 $39.59 42.77
120 — 120-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft Depth foot (Steel) (Steel)
Full Width W 56 ft W40 X 277 $40.48 42.77
Slab Thickness| Ts 8 in W40 X 294 $42.35 45.20
No. of girders | Nb 8 W40 X 297 $42.68 45.62
Girder spacing| S | 7.429]| ft W36 X 302 $43.22 46.34
Overhang 2 ft W33 X 318 $44.93 48.62
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width W 56 ft W40 X 249 $41.78 43.25
Slab Thickness| Ts 8 in W36 X 262 $43.45 45.34
No. of girders | Nb 9 W40 X 264 $43.71 45.66
Girder spacing| S 6.5 | ft W40 X 217 $45.35 47.75
Overhang 2 ft W40 X 278 $45.47 47.91
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 215 $41.29 41.68
Slab Thickness| Ts 8 in W36 X 231 $43.65 44.54
No. of girders | Nb 10 W40 X 235 $44.24 45.25
Girder spacing| S [5.778] ft W36 X 247 $45.98 47.40
Overhang 2 ft W40 X 249 $46.27 47.75
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100 — 110 — 100-ft. span

Spans > 100 ft Design Table — 56 ft. width

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 215 $31.24 33.90
Slab Thickness| Ts 8 in W36 X 231 $33.13 36.19
No. of girders | Nb 8 W40 X 235 $33.60 36.76
Girder spacing| S | 7.429]| ft W36 X 247 $34.99 38.47
Overhang 2 ft W40 X 249 $35.22 38.76
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 199 $32.79 35.21
Slab Thickness| Ts 8 in W40 X 211 $34.42 37.14
No. of girders | Nb 9 W40 X 215 $34.95 37.78
Girder spacing| S 6.5 | ft W33 X 221 $35.76 38.74
Overhang 2 ft W36 X 231 $37.08 40.35
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 110 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 183 $33.82 35.96
Slab Thickness| Ts 8 in W36 X 194 $35.51 37.92
No. of girders | Nb 10 W40 X 199 $36.27 38.81
Girder spacing| S [5.778] ft W33 X 201 $36.57 39.17
Overhang 2 ft W36 X 210 $37.93 40.78
100 — 120 — 100-ft. span
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft Depth foot (Steel) (Steel)
Full Width W 56 ft W40 X 249 $36.81 38.80
Slab Thickness| Ts 8 in W36 X 262 $38.29 40.65
No. of girders | Nb 8 W40 X 264 $38.52 40.94
Girder spacing| S | 7.429]| ft W40 X 277 $39.98 42.80
Overhang 2 ft W40 X 278 $40.09 42.94
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 215 $36.74 37.82
Slab Thickness| Ts 8 in W36 X 231 $38.87 40.39
No. of girders | Nb 9 W40 X 235 $39.40 41.03
Girder spacing| S 6.5 | ft W33 X 241 $40.18 42.00
Overhang 2 ft W36 X 247 $40.96 42.96
Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft | Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 199 $38.26 38.85
Slab Thickness| Ts 8 in W40 X 211 $40.06 41.00
No. of girders | Nb 10 W40 X 215 $40.66 41.71
Girder spacing| S |5.778| ft W33 X 221 $41.55 42.78
Overhang 2 ft W36 X 231 $43.03 44.57
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110 — 120 — 110-ft. span

Erected
Cost per
Weight | Square | Pounds per
Nominal per linear| Foot | Square Foot
Longest Span L 120 | ft Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 277 $39.86 42.76
Slab Thickness| Ts 8 in W40 X 278 $39.97 42.90
No. of girders | Nb 8 W36 X 282 $40.41 43.48
Girder spacing| S | 7.429] ft W33 X 291 $41.40 44.76
Overhang 2 ft W40 X 294 $41.73 45.19
Erected
Cost per
Weight [Square Pounds per
Nominal per linear|Foot Square Foot
Longest Span L 120 | ft |Depth foot (Steel) (Steel)
Full Width w 56 ft W36 X 247 $40.83 42.93
Slab Thickness| Ts 8 in W40 | X 249 $41.09 43.25
No. of girders | Nb 9 W36 X 256 $41.99 44.37
Girder spacing| S 6.5 | ft W36 X 262 $42.76 45.34
Overhang 2 ft W33 X 263 $42.89 45.50
Erected
Cost per
Weight |Square Pounds per
Nominal per linear|Foot Square Foot
Longest Span L 120 | ft |Depth foot (Steel) (Steel)
Full Width w 56 ft W40 X 215 $40.52 41.68
Slab Thickness| Ts 8 in W36 X 231 $42.89 44.54
No. of girders | Nb 10 W36 X 232 $43.03 44.72
Girder spacing| S [5.778] ft W40 X 235 $43.47 45.25
Overhang 2 ft W33 X 241 $44.34 46.32
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APPENDIX D:
DESIGN DETAILS

Three Span Steel Bridge Details (Same as example in Appendix A)

80 — 100 — 80-ft. spans
44-ft. out to out width

44

24 Foadwoy Slopa_\\

Lfl

W40 = 215

Roodwoy Cross Section

- e*—ev-—-l—[e.nedl—l—s - 5'-3’_”.5;9-]..’._6 spoR L - 6’—9'—..'_'5“1_'5:-:-[7

_LW%ﬁm”ﬂ+ﬁ%ﬁ$e
T T

B —— N S § i o

T

1=}

Concrete Diophrogm at Fler

Cowver Flot

Beorlng SHIFfener

et Cop

—e e 7/1\“ MNecezsory
93125'1l
=[1'-5 DD'T-—
a ]
o
8.§U’

]

Lt S04l

T ] E.opt

Stage |

1" mlns o0
"7 A8 dlo, welded
zhear Connector (typd

85

Stage |




Four deck before 'tha_/ -
glrders are fleld welde

°

°

Fleld weld to moke
glrders contlnuou

* Compression Flote

75 Elnstomerlc Bearlng Poo
325 17 dio, bolts

ler Cop

142" Compresslan Pluteh\

Posshle Wedge for
Eonpression trosfer ™ ||

/—neck relnforcenent

: /—S‘tlrrup

[~ Ponorete dsptragn along with of
ridgs for girder comthulty

- 200*

Stoge 2
Field Weld

Stoage 2

Concrete Diopragm

7ot
I3 Fj
o o]

C1S x 339

Diophroagm Cross Section

86




scberlor Dlophitagn

Interior Diaphrogn

Framing FPlan Spans 1 and 2

scterlor Dlaphibogn

Irterior Diephragrn

Fromina Plan Span 2

87




88



APPENDIX E:
CSU-CBA USER’S MANUAL AND EXAMPLES
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CSU-CBA

(Colorado State University-Continuous Beam Analysis)

Program Users Guide

Alex Stone
John W. van de Lindt
Thang N. Dao
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Introduction

The purpose of this spreadsheet is to find the minimum rolled steel girder size required to support
the deck and traffic loads. The girders are designed by a method called simple for dead load and
continuous for live load. This implies the beams are designed as simply supported for dead load one
(beam weight and concrete deck) and continuous for all other loads (wearing surface, traffic loads, rails,
etc). The beams are made continuous at the piers after casting the deck by connecting two separate beams
using various methods including using a concrete diaphragm or welding the beams to a connection plate.

Using this method, the spreadsheet was designed to give the user control to select/input various
bridge parameters in order to find the lightest wide flange beam to support the loads. Once the user has
entered bridge data and run the spreadsheet to find the minimum beam size, the total structural weight of
the beams is found and a cost analysis is preformed to give an erected steel price estimate.

The design program gives the user freedom to create a bridge with any number of spans and
lengths. A global stiffness analysis program was created to compute bending moments and shears for any
number of trucks, spans, and span lengths. Once the analysis is saved, results are imported into excel and
minimum beam sizes are found using a macro that checks all AISC wide flange beams against the
AASHTO LRFD Bridge Design Specifications.

AASHTO LRFD Bridge Design 3.6.1.3 requires the larger extreme force effect of one design
truck with variable axle spacing specified by article 3.6.1.2.2 and the lane load or 90% of two design
trucks spaced at least 50 ft apart and 90% of the lane load. To do this, two analyses may be required to
find which loading combination causes the larger extreme force effect.
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Initial Setup

ML LSRG

& Steel Bridge Design Program

J Fil=  Edit ‘iew Favorites  Tools  Help

2 3 @

Up Mave Tor Copy 1o

i SteelBridgeDesignFiles. zip

Start by extracting the files to a
desired location, such as My
Documents

d Steel Bridge Design Program

i J File Edit View Favorites Tools Help The le f||e W|” Contain the
J 5 3 (9 Excel file, Users Manual, and
bp | mwen e | Global Stiffness Analysis

e CSL-CEA L exe
@ Results.txt
[Z] Steel Table.txt

Open the Excel file. If a Run Time
53’ Error occurs when the macro is
run, open excel first and then open
the file.

ol

| &

Liriks

E23

JSteeI Bridge Users Manual.doc P rog ram
CB#&.app j
@_]CDOT Steel Bridge Design.xls

Note: In order for the program to run correctly, the CSU-CBA .exe file must be located where excel looks
for and saves files. In many cases the default location is the “My Documents” directory. It is
recommended that the default file location be changed to a blank value in the Excel options. If this is

done, the .exe file must be located in the same directory as the excel file.
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In Excel 2003, go the tools menu, then options to change the default file location.

[
Click on the General Tab ]

n Calor I International I Save | Errar Checking
5 Yiew I Calculation I Edit T Transition | Customn Lists I Chart | [ 479
Settings
[ R1C1 reference skyle ™ Prompt for workbook properties
il —‘ [ Ignore other applications [ Provide feedback with sound
1 4 Iv Function tooltips [~ Zoom on roll with Inkeli . . .
2T pecently usedpﬂle o ] i The default file location can either be
R : entries .
n - changed to blank, or where the excel file
n

- web Options, . | and CSU-CBA.exe are located
51 Sheets in new workbool: |3 5‘

: Standard Font: I.C'.rial =
1 Default File lacation: I P

i Ak startup, open all files in: I

3 Lser pame: Iuser

n!

l"l:

" oK I Zancel
n

51

In Excel 2007, go to the Excel option, then the save button to change the default file location.

W] z e
Yy . .y
- WD v e Go to the Excel options by clicking
°;6 Calibri S~ ||A AT | = =@ | EiwrapText Gel On the WlndOWS button
53
Pavxte ¥ |B 1 oS- AEE= = | i Merge & Center ~ | §
Clipboard & HE
= Custormize how workbooks are savec!,
Formulas
[ 1
2 . R .
2 sase workbooks The default file location can either be
8 Save Sawe files in this format: | Excel Workbook [ - H
. ave s n s formats [ Excel Workoao i [ changed to blank, or where the excel file
5 Savanced FF Save AutoRecover information every 10 31 minutes
: - totecave i ocsiors [Gwomamerts mrsmmmrmesmammae— - and CSU-CBA.exe are located
7 . Default file location: Jua \
8
B Trust Center AutoRecover exceptionsfor:  |[x Bookl -
10 Resources [ Disable AutoRecover for this workbook only
11
12 Offline editing options for document manage ment server files
13 Sawe checked-out files toi
14 @ The server drafts Jocation on this computer
15 7 The web serer
16 Server drafts location: |UnSharePaint Draftsy Browise..,
17
18 Preserve visual appearance of the workbook
;2 Choose what colors will be seen in previous versions of Excel: LColors.
21
22
23
24
25
26
27
28
29
= —
a1 %
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Operating the Steel Bridge Design Program

When the program is opened,
click the Enable Macros button.

Security Warning

"Cs\Documents and Sektingshastoneliy DocumentsiSteel Bridge C0
ResearchiResults)SteelBridgeDesign -Design Charts update.xls" con|
MAacros,

IMacros may contain viruses, It is usually safe to disable macros b
macros are legitimate, vou might lose some Funckionality.

Enablel’\"lacros —

Disable Macros |

Cost Estimation 3

A splash screen will appear.
Click the Continue button to get
to the design program.

94



| - SteelBridgeDesign -Design Charts update.xls
Wiew Insert  Format  Tools Data  Window  Help 3) CheCk the bOX |f tWO HL'93
SRITHI SRS -0-R =-4] 5 @ g e trucks will be analyzed,
v £ D ; ;
=T &5 T T+ T s &+ accordingto Article3.6.1.3
Design of Simply Supported Rolled Steel Girders Made Contin!

WA0X234
wWaDKETE

Pick Your Rolled Girder \WADKaE4 ie imnage to find the lightest shapes to satisfy loads
WAOX 235
WAL e I i Turo Design Trucks Will Be nalyzed, with sccordance to Article 36.1.5
WADKIES Ja. # "'.“4".
Weight Area D EF Tu T: EFiRTF  HTW I E. L Z 5, E. D
Tosift in’ in n in in in' in in i in’' n in
167 493 =1 118 n&s 103 57 526 11600 153 283 7% 473 24 | G654
Input Data Denotes Required Field Rolled shapes which will satisfy load de:
Select how mary results to showr
Lomgest Span Length L 1o # 4
Full Width w 4 f P | | N | W4l X 167
Slab Thickness t, 75 W36 4 182
Hanch Thickness t, 075 i W4l X 183 . .
sphalt Thickeess . : i we | x| 1 4.) Click the image to run the macro.
Tl Simreth e £ — R ——t This will open another program to
Tield Strength Beam £ 50 ksi W33 X 201 R
Tield Strength Rebar . &0 ksi Wi hid 210 f| nd extreme Val ues
Ho. of girders H. g W40 X 211
Girder sparing S r 514 ft X 211 Sd3zmT
Overhang i 4 f X 215 533200
#of rails 2 X 221 548080
Fail Width 15 ft X 23l 572280
Airea Rebar in Top Slab I 35 i 23 575360
Area Rehar in Bottorm i, 4 o Wan 735 SEZEON
T Gt r— A W

1.) Click on the Beam Analysis tab
if it’s not selected.

2.) Input bridge
parameters into all
highlighted fields

0.88| lipsft
Modular Fatio n .58 v
duction 3 Beam Analysis / Analysis Results Diesign Chart: NOte the Value Of the 2 5pan | 4] |

lane load + DL2

NOTE: In the global stiffness analysis, the distributed load represents the lane load plus the dead load
two. The value shown above indicates the 640 lbs/ft lane load plus the load of the wearing surface, rails
etc. If there will be an extra dead load that is not accounted for in the excel program, simply add the extra
load when putting in the distributed load in the global stiffness analysis program.
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3.) Add the desired spans
and lengths and click OK.

Running the global stiffness analysis program

ES C5U-CBA-Unknown

File Format Input  Help
It anlyis |

(= = ey Bl )

1.) Click on the geometry button to create the
bridge structure.

Aol

1.) Click the sections and
materials buttons to select
steel properties

Input ] Analysiz ]

0O = =2 el

Geomekry

SpanlD | Length (ff) |E(psi) |Area(in2) | Ix {in4) ly (in4)
1 a5 29000000 585 14300 695

95 29000000 mmauu 695

Section...
Materials...

Assign Material to beam

Assign oplions |
50W Steel will be the

" Cust i
ustom default material

+ Material Table

Material: |50V Steel j Add Matenals._ .. |

Caticel
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2.) Pick one of the shapes
from the Steel Table.

Sech Steel Table:

 Rectangulal = T ﬁ‘

* From Table 44290

\ WA IR

Section Yidth |1I] in A ATRES

section Herght |2I] I o A 307

e AT

AR

Carcal_|

adibstiiddtaitll |
x|

NOTE: Because this research was looking at prismatic cross sections of all the same material, it does not
matter which material shape is chosen from the section selection because the El value will drop out.

1.) The default units are US, but
they can be changed to Sl in the
Format menu.

Input IAnaIysisl
0 = H ool e

Unit and Drawing Format

The moment and shear scales are formatted in
the units menu. If the bridge is short in total
length, move the scale bars to the left

Moment scale: '._J—.
Shear scale: '._J—.
Load scale: '._J—.
Truck Speed:

Moment Diagram
’76' Positive moment on top

" Negative moment on top

Unit Format:

~Unit System:—— Span length: ft hd
& US units Section dimension: Iin 'l
Force: Ikips vl

' Sl units Moment: Ikips—ﬂ 'I
Distributed force:: Ikipsﬂt vl

' Custom Elastic Modulus: |psi -
Material Density Ikipsm3 'I

Extreme Seeking step: ||]_2 ft

—
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To make the analysis run faster,
change the extreme seeking step to 1
ft




B3 c5U-CBA-Unknown

File Format Input Haslp

(mi= = Sy B

Click the truck to input live
loading values

7 4.) Click the Analysis
Input IAnaIysws} Tab
A R

2.) Add the DL2 + Lane Load value and click OK.

Primary Load Cases

Distributed Load:|1.08 y tuck running step: |1 ft
Load Coefficient: |1 Load Coefficient: 1.3

Truck Properties: Truck table:
ID (Wheel Positions (ft) | Wheel Loads (kips] ‘ Truck 1D Truck Positions (ft]

1.) Input data for an
HL-93 truck. Wheel
spacing and loading can
be changed. Refer to
Article 3.6.1.2 for
required loads and
spacing.

AddWheel | Delete Wheel Delete Truck |

o]

3.) If the check box on the Excel \
spreadsheet was checked, add a second

truck to satisfy Article 3.6.1.3. The 2™

truck position needs to be at least 78 ft.

This will allow 50 ft between the two

trucks axles

)
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Live Loading for an Unsymmetrical Span Configuration

If the span configuration is unsymmetrical, the truck must be run in both directions to find which creates

the largest extreme force.

Primary Load Cases

Distributed Luad:l1.l]5 kips/fft
Load Coefficient: |1

Truck running st

Load Coefficiend

Once the program is run with in one
direction, take note of the max or min
bending moment from the envelope. Run

the program again with the reversed wheel

positions and compare the envelope
values. Use the larger of the two values

~

J

Truck Properties: Truck table:
ID [Wheel Positions [ft] | Wheel Loads [kips) | TIUV
1 [0.000 32.000 -
2 [14.000 32.000 2
3 |28.000 8.000
IR ?\
Add Wheel |  Delete Wheel | N ruck

oo T .II

Simply reverse the order of the

Cancel } wheel loads to simulate the truck
moving across an unsymmetrical

bridge
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Executing the analysis

Click the truck icon to run find resulting moments and shears. Change drawing
scales if necessary in the Units menu

B csu-CBa-unknown
Farmat Help

Input | Bnalysi

Truck Live Load Analysis

Shear
Diagram
{kips)

Moment
Diagram
(kips-ft)

1.) If desired, select the max or min buttons
R to see extreme moment and shear values or
g rema: I ek select the envelope for the moment and
e (s shear envelope

Shear
2.) Go to the file pull down, and Save D;if;’;’“
As. The file will be saved as a .cba
extension. The results.txt file will be ~— Diagram
updated with the results from the , {kips-t)
analysis.

Moment

Shear
Diagram
{kips)

Moment

Diagram
(kips-ft)
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75-100-75ft.cha
B0ftspanztruck.cha
goftspan.cha

97-a7Ft,cha
97-110-97.cha

(=] boxeider7sft.cba Specify the file name and save the
results, then exit the program. Excel
will reappear.

File name: I / j Save

Save as type: IEnntiununus Beam Design LI Cancel |
F

B3 Microsoft Excel - SteelBridgeDesign -Analysisl.xls

© File  Edit  Wiew Insert  Format  Tools  Table  window  Help
NEEHRSQAIVE| #5009 EH 100% - @ HHersad

EE@Normal
Il I, S

L3

| 1 - r

Import Text File

Lock in: I@ Results j @ -3 Q@ X i B - Tods~
= z 14 .

e Rroatane Import the Results.txt file from the
My Recent directory where the analysis results
Documents

were saved.
@,
Deskiop

My Compuker
h g File name: les ¥ - Imi
0 s mpark
Il hetwork. J
Places Files of type: IText Filess (%, k) j Cancel
4
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[ Microsoft Excel - SteelBridgeDesign -Design Charts update.xls

B] Ble Edt Vew Insert Fomab Took Data lindow  Hel

2 Ee et e -”“'? RSN ) wrbn b TR The number of beams shown can be

DEHRIS. &R -t - @25 % | © tAlei

8 2| changed by clicking on the
5142 - #x Live Load Lane Distribution )
ATTETTTE T e E e e A Tk dropdown menu in cell L11
1| Design of Sunply Supported Rolled Steel Girders Made Col
2
| 3 | Pick Your Rolled Girder Click on the lightest shapes to satisfy loads
|+ |
5 e
B Weight | Awa D EF T, T, | BR2TF HTW | I, z 5, z, 5y R, | D
| 7 | Dsift in' in in in in in' in'! in' in' i’ in in
e | 167 492 | & 118 | 048 103 | 57 | 526 | L1600 | &3 600 T | 419 | 24 3.5
9
| 10 | Input Data Denotes Requized Field Rolled chapes which will satisfy load demands
it | Select how many zesults to show 15 Regd
e | Longest Span Length L w e A Weight (Bs)
1 | Full Width " & [ [ ] wwo X 167 414160 | 162
| 1 | Slab Thickness , 15 Was X 152 451350
[ | Haunch Thickness 4 035 i W0 X 183 453840
% Asphalt Thickness t 2 i wag X 194 451120 .
7] YibtSimrth Com. T P wo x 1w The model is run and
#® Yield Stremgth Beam £ 0 w33 X 201 458450 i
B sl Stremeth Rebar £ 60 ki wag X 210 520800 resultlng Shapes are
| 0| o, of girders u, ] wan x 11 523280 d|sp|ayed
E Gindar spacing s 7 osu s W30 X a1l 523280
| 2| Overliang 4 4 s W40 be 215 533200
B # of rais 2 W33 X 221 545080
o | Rl Width 15 ¢ Wag X 231 572880
| | AvaRebwinTopSld | &, 35 W35 X 32 575350
40 X 235 582800 .
o x o #2200 Click the summary report tab

A detailed analysis can be seen in the
analysis tab. Results include max and min
moments, shears and locations

to see a breakdown of the
recommended beams, along
with a cost analysis

) End Topu

35 Lane Load + DL2

36 Modilar Ratin n
a7

4 4 » M|\ Introduction ) Beam Analysis { Analysis Results Design Charts Summary Report Cost Analysis £ Saved Results £ 2 Span | l|
Draw= | | Auoshapes= N\ N DO M ¢ @ & | S-Z-A-=== @ j!
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Resulting Moments and Shears (Analysis Results Tab)

A B C oD | E | F I t
| 1 [THE RESULTS BASED | OM THE WORST CASE |OF THE COMEINATION
2
| 3 [LOAD CASE RESULTS:
| 4 |Extreme type Ex treme Yalue Ex treme sec tion Truck position Coefficient
| 5 | kip s-ft ar kips ft ft
| 6 | Max Moment (Lane L oad) 667 .65 279 361 1
| 7 | Min Moment (Lane L oad) 957 585 100 157 1
| 3 | Max Shear (Lane L oad) 53.676 210 316 1
| 9 | Max Moment (Truck Load) 1227.876 282 351 1.3
| 10 | tin Moment (Truck Load) -1306.569 100 157 1.3
11 Wax Shear (Truck Load) 75.754 210 316 1.3
12

| 13 [COMBINATION RESULT = / \
| 14 |Extreme type Extreme “alue Extreme section Trlu The Analysis Results section
| 15 | kips-ft ar kips ft
| 16 |Max Moment 2263509 760 shows data that was entered

17 |Min Moment -260E6. 514 100 Into the anaIySIS program
18 [Max Shear 157.395 210 .

19 [ Total Length: 0[R and resulting moments and
| 20 |Longest Span: 110{ft o~ shears.
21 |Distributed Load: 0.58 | kipsift \

22

5 \\ .
P
|25 Ise IM Fackor Use Service I1 Factors Use Strength I Factors
27

Moment
Strength| Distribution | Factored
28 Unfactored Moment 1M Service Il | Factor Moment
29 |Positive Moment kip ft kip ft
30 [Truck Live Load 122766 1.33 1.3 1.75 0.463 1721.5
31 [Live Lane Laad 185.56 1.31 1.3 1.75 0.463 BG0.5
32 [Dead Load |l 8544 1.9 1 1.25 147.0
33 [Future Wearing Surface 93.64 1] | 15 186.5
34 [Dead Load | 1208.70 /| 1 1.25 1510.9
35 /|
35 [Shear /|
37 [Live Load 11865 / | 1.3 1.75 0.52 185.2
38 [Dead Load |l 732 / | 1 1.25 12.2
33 |Future Wearing Surface 7.50 / ( 1 15 150
40 Dead Load | 43.95 / | 1 1.25 54.94
41 / ( \
42 |Negative Moment / |
43 [Truck Live Load -1306.87 / | 1.3 1.75 0.453 | \323
44 [Live Lane Load -703.70 / | 1.3 1.75 0463 |/ B
45 [Dead Load |l d — 1 1.25
46 [Future YWearing Surfy” . 1 15
47 Dead Load | Checkboxes are only for a designer ] 198 /
| 48 | to see the factored moment in this !
49 ;

50  Fatigue :zglfc;a:jf fzgﬂ)ercvlf/?ﬁﬁ (I)St ltj)zcar]eclli(:g’in 3.56esign moments and shears
o . Tl not be app L are also shown in the Analysis
&2 |Shear the ‘beam analysis tab’. The | Resultstab. The desi
53 Live Load factored moment shown in column || ~oou o tab. 1 he design
54 [Dead Load I . . | | moments use Strength | and
55 [Future Wearing =u] G 1S not necessarily the moment . .

S . —  Service Il loading

Sl Dead Load | applied in the analysis. - I .
E7 combinations. The dynamic
|:n4 v wl' Tnkradiction IR |Oad|ng faCtOI', IM, and |IV€

N

/
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load distribution factors are in
the design moments and
shears. For more information
on design parameters, see
Chapter I1 of the report.
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Summary of Results (Summary Report Tab)

E Microsoft Excel - SteelBridgeDesign -Final.xls

@J File Edit View Insert Format Tools Data Window Help / \
DESHRISR PHE 4 DBBE-F9-0-18 =-35]% BB g immestennt  The Summary Report page
- e ="Di i A is " . -
E1tl1A | = ‘f Dlacphragms Fequged ‘ s &E:.-Eam Anal\yms.EFAQ&) | = | . | | | glVeS a SynOpSIS Of the reSUItS
1 Summar] At the top, major design inputs
2 are shown including full
B :
| 4 | Longest Span Length L 50 fi / |ength and Wldth
| 5 | Full Width W 44 ft
| 6 | Slab Thickness te g in
7 Mo of girders My 5 \\ /
E Girder spacing 5 9.75 ft
9 Owerhang d, 2.50 ft
10| Total Length: 50 it
| 11|
12| Recommended Design Cost Analysis
13
| Diaphragms Total Total Erected
Weight |Required Structural| Cost of | Erection Total Total Cost per |Pounds per|
per (Channel Diaphragm | Cost of Steel |Structural| Costs | Structural | Square Square Square
linear diaphragms |Cost Beam | Weight | Steelto per Steel In | Feet of Foot Foot
14 Nominal Depth foot (C15 x 33.9)) |Erected per Ib (Ibs) Site pound (Place Cost| Deck (Steel) (Steel)
E W30 X 118 22 $1,320 $0.88 37,733 $30,628 $0.10 334,842 2,200 31554 17.15
| 16 | W33 X 118 42 $1,320 $0.88 38,233 $31,042 $0.10 $35,303 2,200 $16.05 17.3%8
|17 | W30 X 124 42 $1,320 $0.88 39,733 $32,279 $0.10 436,682 2,200 $16.67 15.06
| 18 | Wy X 129 22 $1.320 $0.88 40,983 $33,303 $0.10 $37,825 2,200 $17.19 15.63
119 | W33 X 130 22 $1.320 $0.88 41,233 $33,507 $0.10 $38,053 2,200 $17.30 15.74
20
21|
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The summary also includes\
the recommended beams

with the associated costs

and weight. Cost

breakdowns are given and a
final erected cost and

weight per square foot is
shown.

/




Running the program again for a complete analysis

NOTE: For a complete analysis, the program must be run at least twice. If the check box to analyze two
trucks was checked when the program was run the first time, uncheck the box. Repeat all steps above,
except only use one truck in the Live Loading prompt. Also, use a variable spacing on the rear axle
which will generate the highest extreme force. Article 3.6.1.3 states that the rear axle can be varied
between 14 and 30 feet.

u | E | r | L] [ B | ! | J | K | L | ™M | N ] U ] F ] 4 ] B ]

sign of Simply Supported Rolled Steel Girders Made Continuous Over Piers

WADK2AL
WANK2TE
WANK2EL
WANKZFE
Wi

Click on the image to find the lichtest shapes to satisfy loads

WANKIST : J_-,* 4 ‘: ';;: [ Twra Diesign Trucks Wil be Analyzed with accordance ta Artick: 3.6.4.2
o EBF Ty T EFI2TF HITW I \
;6 11;.18 Dj.:j 11.-;3 576 528 111-200 B33 If the CheCk bOX was CheCk du“ng

the first analysis, uncheck it and run

ates Fequired Field Reolled shapes which will zatisfy load de: H H

= Selact hors s ronlts o shonr the program again following all
L w o 0] we steps. Only the Live Loading will
ar 44 ft W40 X 187
N 7 LT s = 130 need to be changed.

fz.) The wheel

positioning should
be changed to

generate the :|1_1 kips/ft Truck running step: |1 ft 1 ) If two trucks \
highest extreme o Load Coefiicient: [13 '
forces : Tl Cosilsizn:  |LF were analyzed
' s: el i 1= during the first run
]ms (1 | Wheel Loads (kips) | Truck ID Truck Positions [ft] of the program

8.000 1
32.000
32.000

change the program
to use one truck.

Add Wheel Delete Wheel | Add Truck | Delete Truck |

Cancel |

Again, run the program to find the moments and shears generated from the new live loading. Save the
program and import the results.txt file as before.
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Microsoft Excel - SteelBridgeDesign -Design Charts update.xls

B Fle Edt ¥iew Insert Format Jools Data  Window  Help
. e ; Al Z = )
DEHR SEB | VE &8R- IR N T 1 @@ B Times Mew Raman - 11
A1 - e
A E | [ | n] | E | F | G | H | | | J K | L | ] | ]
i Design of Simply Supported Rolled Steel Girders Made Continuous Over Piers
2 WANEAY
e . . WADKETS . .
3 Pick Your Eolled Girder WAOXZEL Click on the image to find the 1
+ mﬁgﬁs . Tuwre Dugign Truckz Will B+ Analyzed, with asccordancs ba Articls 3.6.1
5 WATNIES e < B
B Weight Ayea D EF Ty T EFIZTF HITW I Ty Sy Ey I,
7 Thsift in' in n in in in' in' in' in in'
] 147 492 386 118 045 1.03 576 528 11600 ] ] 153 283
E
10 Il'l]]llt Data Denotes Faquired Field Rolled shapes which will satisfy load demands Diaphragms
11 Select how many results to show 15 Feq'd
12 Longest Span Length L 110 i _‘[_[Ll Weight (Ths)
13 Full Width 44 ft 4 | | » | A0 X 167 414160 162
14 Slab Thickness t. 1.5 in W36 X 132 451360
15 Haunch Thickness 1, 0.75 in W40 X 183 453340
16 Asphalt Thickness t, 2 in W38 X 194 431120
17 Tield Strength Cone. f. 4 Lsi W40 X 193 433520
12 Tield Strength Beam g 50 ksi W33 Y 201 428480
13 Tield Strength Rebar f. &l ksi W36 X 210 520800
20 Ho. of givders Hy. g a0 X 211 523280
2 Girder spacing 5 r 514 ft W30 X 211 523280
22 Chverhang 4 ft a0 X 215 533200
23 # of rails 2 W35 X 221 548020
24 Fail Width 135 ft e Y 231 3]
25 Area Rebar in Tap Slab A, 35 W36 X 232
26 Area Rebar in Bottom Ay 4 in WA X 23 After' the results from the
27 Dist from top cone to top rebar 2 n Wan = 23 .
28 Dist from top cone to bot rebar [ in new Ioadlng have been
| 22 E, 29000 kst imported look at the new
a0 | Article Muwrber of Lanes Loaded 3 . .
N 46241 Az Daily Traffic ADT £500 list of requi red beam
=3 Int Disphragm Spacing - sizes. If the new beam is
pex} Ext Diaphragm Spacing 12 ft .
o | End Input Data larger than the previous
35 Lane Load + DL2 088 kipsit beam’ use this value.
36 Moadular Ratio n .56 .
El Otherwise, use the beam
o4 » ¥ |\ Introduction % Beam Analysis / analysis Results 4 Desion Charts £ Summary Repork £ Cost size generated from the
- P " = e T T v — B B & A — — = = f t
Irst run.

\_
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CSU-CBA

(Colorado State University-Continuous Beam Analysis)

Program Examples Guide

Alex Stone
John W. van de Lindt
Thang N. Dao
)OT Colloicado

7
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Design of a two span equal length steel bridge

(85 — 85-ft. length by 56-ft. width)

Step 1: Open CSU Steel Bridge Design Excel Spreadsheet

@l wlololwelininlninin vlninin
B & 2S8R =2 88BN & RGN

4« » M\ Introduction }Beam Analysis

Dist from top conc to top rebar
Dist from top cone to bot rebar

Enable Macros and a splash screen
will appear. Click Continue to
open the design software

| & | Weight | Area
E3 bsift in’
e | 211 62
BB
| 10| Input Data Denotes
1
[ | Longest Span Length
3 Full Width
|1 | Slab Thickness
5 | Hameh Thickness
16 Asphalt Thickness
7 | Tield Strength Cone.
s | Yield Strength Beam
| | Yield Strength Rebar
20 No. of girders
Girder spacing
Overhang
#of rails
Fail Width
Avea Rebar in Top Slab
Avea Rebar in Bottom

£
25000

E.

Article Hurber of Lanes Loaded

46261 Avg Daily Traffic ADT 6500
Int Diaphragm Spacing 18
Ext Diaphragm Spacing 12
Barrier Weight 482
End Input Data
Lane Load + DL2 097

37 Modular Ratio 7.56

| — LT

I
il
il

I

|

K

| L

M

L w [ o [ P | @

Tsift

Kipsift

d Rolled Steel Girders Made Continuous Over Piers

Analysis Results

Design Charts

Summary Report

Cost Analysis

108

Saved Results

I

Click on the image to find the lightest shapes to satisfy loads



Step 2: Input basic bridge data

=] File  Edit  Wiew Insett  Format  Tools Data  Window  Help
NEHRSRIVE XRB-F 90185335 @de g rm
522 - F
A [ 8 [ © T o T & [ F T & T H T I |

1 Design of Simply Supported Rolled Steel Girders Made Contir

2 WEINIEE
[ wWEIHIA
| 3 Pick a shape WIEAII0 C

+ W s ol
5 ot LT Frenen
| 6 | Weight Area D EF T, T: EFI2TF | HITW I T
7| Thift in’ in in in in i in
| ¢ | 211 &2 394 112 075 142 417 456 15500 08

q
|10 | Input Data Dlenates Required Field Eolled shapes which will satisfy load deman
| Select how many results to show
[ | Longest Span Length L s a A0 vc
13 | Full Width S ft ‘[ [ ,|
| 1 Ilab Thickness t. S in E t - ” d t th t- -
15 | Hamnzh Thickness t, 035 i _n er_ Ina a a tha _'S ina
6 | Asphalt Thickness £, 2 in highlighted field. Girder
a Yield Strangth Cone. £, N spacing will depend on the
| 1 | Vield Strength Beam £, 0 ksi h d b f
| | Vield Strangth Rebar £ &0 ksi Oyer ang and numper o
| 20 Ho, of girders N, 5 Wan z| girders. Note the value of the

21 Girde i s F 1wm # W3 X : :
o Om;::;“@ s a [ ww < DL2 + Lane Load in cell , if
B # of rails 2 T W z| standard values are to be
2 Rall Width - w3 2L used. This value will be used
| 25| Area Febarin Top Slab 4, 35 i a0 X |
| 26 | fivea Rebar in Bottom ' 4w w40 hid ater
| 27 | Dist from top cone to top rebar 2 in W40 X /
| 28 | Dist from top cone to hot rebar & in
E3 E, 20000 ksi
| 30 |Article Mumber of Lanes Loaded 3
| 31 (46261 Avg Daily Traffic ADT &500

32 Int Diaphragm Spacing 18 ft

o Wark Tiammlivn i T et 17 [

Step 3: Run CSU-CBA .exe global stiffness analysis

b Tools [Data  Window Help
#$ Ca@d-g - - x =l @-@ H Times Mew Roman -1l - B I U EE=A S % o2
[ O E | F ] G [ 1 ] 1 | [ L [ Mo [N [ e [P [ & [ R [ s

Design of Simply Supported Rolled Steel Girders Made Continuous Over Piers

39.4

Denotes

WIIHIE2
WIIHI4
WIIHII0

WEEHNE

WIDKEI

MWE0XHEST
EF T T,
118 075 142

2.) Click the image to

open the global
stiffness analysis
program.

e il
=
I
int

15500

e

hich will satisfy load demands

Click on the imnage to find the lightest shapes to satisfy loads

Twa Design Trucks Will be Analyzed with accordance to Article 3.6.1.5

Zy I Zy 3y Ry D
in' i 5 i in’ in in
208 786 g6l | 251 | G656

1.) Check the box, specifying that two
trucks will be used in this first analysis
(Article 3.6.1.3). This allows the
program to use the 10% live load
reduction.
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RACSU-CBA-Unknown

File Format Input Help

gl Anapsis |
= = sy B0

Select the span
geometry button, to

specify span lengths.

Note: Any size shape can be selected from the Section selection because only moment and shears are
being found, which do not take into account elasticity or moment of inertia.

-

Click the Section button. Select a
shape from the AISC steel table and
click ok.

Inpt | Anaiyeis |

0O =M

Section selection

x

Section options Steel Table:

SpanID | Length (i) | E{psi) Ama(inzﬁ\ Add Span E—— —
1 0 0 0
@ From Table
Delete Span

—
Materials.

Next, click the materials
button. Gr. 50w steel is set
as the default. Again, click
ok.

Lo

Input l Analysiz ]

O = H 2 Pl e

Geomety x|
E(psi) | Area (in2) | b {ind) ly (ind) | Add Span

29000000 97 23300 1420

29000000 97 23300 1420 Delete Span

Input an 85 ft span length
and click Add Span, to _Materials... |
create an identical span. pe—

There should be two 85 ft

spans now.
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R Csu-CBA-Unknown
Fie Format Input Help

(g ] Analysis |

==y Bl

up the live loading
screen.

Add the noted value from cell in
the spreadsheet. This distributed
load represents the DL2 + the Lane
Load.

Click the truck to bring

=18l

Notice that there are
now two 85 ft spans.

Change this value to 1 to make
the program run faster

[ X

Distributed LM kips/ft

Load Coefficient: |1

Truck running step: |1 ft
Load Coefficient: |1 3

Truck Properties: Truck table:
ID |Wheel Positions [ft) | Wheel Loads [kips]l Truck ID Truck Positions [ft) |
1 |0.000 8 1 0.000
14 32 2 !
.
AddWheel | Delete Wheel | Add Truck | &te Truck

Add the values for an HL-93
truck into the truck II
properties table. Since two

trucks are used, the wheel
positions will not change.

\ )

Cancel |

111

Add a second truck.
According to Article 3.6.1.3
the second truck must be at

least 50 ft behind the first. Put

in 78 ft for the second truck to
satisfy this.

~

/




B csu-cBA-Unknown
Fie Formak [t Help

1.) Once all data has been input, select the analysis tab and click the
truck to run the program. If the scale is not ok, go the format dropdown
and click units. Move the sliders to get an acceptable scale. (See Users

Input ;Analymj

Manual for more detail)

Truck Live Load Analysis

2.) Save the results. The file will
be saved as a .cha and the
results.txt will be updated. Close

1,04 kipsit

the program.

Shear
Diagram
(kips)

Moment
Diagram
(kips-ft)

Step 4: Import the data to size the appropriate girders.

Import Text File

Laak in: I_" Results j & -3 @ X Cy Ed - Tooks -
: ) Design Charts
k._j =] Results. .
Rhid % e —{ Import the Results.txt file that

Daocuments

was updated after the analysis
was saved. The file will be in
the directory where the
CSU.CBA .exe file is located

g ‘\._II
- [=}
=]

My Documents

=d

My Computer

4
Iy Metwork
Places

File name:

Impart I
Cancel I
4

=
[

Files of type: [Text Files (*,txt)
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Step 5: Results from two truck analysis

Al A 3
A E | [ | [u] | E | F | G | H | | | d | E | L | I | W}
1 | i s i k k ir 'S i : rer P1 K
Desien of Simply Supported Rolled Steel Girders Made Contimuous Over Piers
2 WEIRIS2
| WIIEIH . N
3 Pick a shape R0 Click on the image to find
4 W3NG
W F0NEA oy R~ ]
5 W30XE5T 3R o ol i B Tra Design Trucks Will be Analyzed with accordance £
& Weight | Area D EF Ty Ty EF2TF | HITW I T Sy E I,
7 Thstft in® in in in in' in in' in in'
g 215 £3.4 39 158 065 122 645 526 16700 964 859 162 796
9
10 Illl]l.lt Data Denotes Fequred Field Rolled shapes which will satisfy load demands Diaphragms
1 Select how many resilts to showr 15 Eeq'd
i Longest Span Length L s a A0 Weight (Ibs)
13 Full Width 56 ft  [»] wao X 215 225750 7%
1 Slah Thickness t. g i Wik X 231 242550
5 Hannch Thickness t, 075 i w40 X 235 246750
& 4sphalt Thickness t, 2 i Wi X 247 259350
7 Tield Strength Cone. £, 4 ks w40 X 249 261450
1 Tield Strength Beam £, 30 ks W3E X 256 268300
13 Tield Strength Rebar £, 80 ksi Wik X 262 275100
20 Ho. of girders , é W X 263 276150
2 Girder spacing s F ol # W40 X 264 277200
22 Overhang d, 3 f w40 X 277 290350
23 # of rails 2 W40 X 278 291500
2 Rail Width 15 #t Wae X 282 26100
5 Area Reharin Top Slsb | A, 35 W33 X am1 5550
25 Area Rebar in Bottom A 4 in' W30 H 2502 GO0
27 Dist from top cone to top rebar 2 in W40 H 204
28 Dist from top cone to bot rebar [ in
29 E. 209000 ksi
30 | Article Humber of Lanes Loaded 3
846261 AveDailyTwaffic | ADT — 4300 Once the results are imported, each
32 Int Diaphragm Spacing 12 ft . K R
22 Ext Disphragm Spacing 12 & AISC wide flange beam is subjected to
34 Barrier Weight 482 Thsift
" End Input Data extreme forces produced and c_ompared
% Lane Load + DL2 104 kipshft with the AASHTO LRFD design. The
37 Modular Ratin n 7.56

Summary Repaort

lightest passing shapes are displayed

—_— = @ o

M 4 » wf% Introduction 3 Beam Analysis

-

analysis Results £ Design Charts £

=

o n - =
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here.
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Step 6: One truck analysis

[ & [ ¢ [ © [ € [ F [ & [ w® [ T [ & | k& [ "t [ ™ [ N | o [ F [ @& [ #® | s
:! Design of Simply Supported Rolled Steel Girders Made Continuous Over Piers
Pick a chape Click on the image to find the lightest shapes to satisfy loads
OTwe Design Trucks Will be Analyzed with accordance to Article 3.6.1.3
Weight | hws D I, z, 5, E,
sift in' int in’ in in
215 526 | 18700 796 | 156 101 | 354 | 3656
2.) Rerun the global

Input Data es which will satisfy load demands

15

stiffness analysis

Longest Span Les s L Weight (s
Lt program by clicking the | s P
Slab Thickness : b 231 242530
image
Hannch Thickne: X 35 246750
Asphalt Thickne X 247 259350 l) Uncheck the bOX’
Tield Strength Cos x 249 261430 to do a one truck
Tield Strenth Beam T, 50 ks W36 b 236 258800 )
Tield Strength Rebar £ &0 ksi W36 b3 262 275100 anal yS IS
Ha. of girdezs W, & W3 X 263 276150
Girder spacing : 7 om0 oA 2] % 264 277200
Crverhang 4 3 of 2! x 217 290830
# of rails z 2] x 278 291500
Fal Width 15 # W36 X 252 296100
AraRebarinTop Sl | &, 35 i W33 b 291 303530
Area Rebar in Bottom I S W3 x 292 306600
Dist from tap cone ta top rehar 2 2] x 294 308700
Dist from tap come ta bot whar £ i
E, 29000 ke

Step 7: Inputting values for one truck analysis

SU-CBA-Unknown

File Format Input Help

Iriput IAnaIysisI
O J e rl lm %

Look. in; I_} Results j = =F El-

| ) Design Charts

Open the previously . . EDFtRUudyTrUutFarm.cba

75-100-75ft.cha

saved .cha file for = 78-52-g6-68t.cha

80ft-100-80Fatique. cha

the two 85 ft span B softspanztruck.cba
- ) 80ftspan. cha
bridge

37-97ft.cha
97-110-97.cba
boxelder7aft.cha
simple100ft. cha

File ramne: IES -B6.cha j Open
=l

Cancel |
g

Files of type: ICunlinuuus Beam Desgin

114



-

Input I Analysis ]

== Iy B

Primary Load Cases x|

Distributed Load:|1.04 kips/fit Truck running step: |1 ft
H H Load Coefficient: |1 Load Coefficient: 13
1)) Click the live i
Truck Properties: Truck table:

Ioad I ng bUtton . ID |Wheel Positions [ft] | Wheel Loads [kips] | Truck ID Truck Positions [ft]
1 |0.000 8.000 1 0.000
| 2 [14.000 32.000

Add Wheel | Delete Wheel | Add Truck_ |

Cancel ‘

2.) Delete the second truck from
the Truck table.

3.) Change the third wheel position to the
axle spacing which will create the largest
moments. In this case, the maximum 30 ft
spacing between axles 2 and 3 will produce
this.

Note: If unsure of what wheel spacing will generate the largest bending moments, first start with 14 ft
rear axle spacing. Run the program and click the envelope to see the extreme values. Go back to the live
loading prompt and change the rear axle spacing. Again, run the program and look at the moment
envelope. Repeat this process until the maximum or minimum moment values have been achieved.

2.) Once the analysis is complete, save the
file, exit the program, and import the results
into excel as before.

ET ~

1.) Click on the truck to
run the analysis again.

Shear
Diagram
(kips)

Moment

Diagram
(kips-ft)

¥ =3,105 UNIT: Span: ft Section:in Force: kips Moment: kips-ft Distributed Load: Kps/ft E: psi Density: kipsfft3
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Step 8: Comparing the two analyses

Microsoft Excel - SteelBridgeDesign - CDOT.xls

&) Fle Edt Yew Insert Format Tools Data  Window  Help

DERHR| S 2= | V2 £ - @ E -8 ] @ng B Times Mew Roman - 11
K13

& Compare the value of the I = =] 1 7 ] ] T I M

1 lowest beam size to the ipported Rolled Steel Girders Made Continuous Over Piers
= first analysis. If the first : .

3 . . Click on the image to 1
. analysis has a higher

5 Va'ue |t Contr0|s Repeat : '4‘. [ Two Design Trucks Will be Analyzed with accords
| ) . —F
=E steps 3-5, otherwise beam Te | DFOTF) AW | L £ g E

7 desian i | in' in' in’ in i

3 esign Is comp ete 526 13200 774 A75 157 :
ER

10 k which will zatisfy load demands Diaphragms

11 ts to showr 15 Feq'd

12 Longest Span Length L 55 f _‘L[Ll Weight (Ts)

13 Full Width w 56 ft P | | » | W40 X 183 | _I 156660 70

I Slsh Thickness 1, 8 in W b4 194 157880

15 Haumneh Thickness 1, 075 in WA b4 199 202980

1 Asphalt Thickness 1, 2 in W33 b4 201 203020

17 Tield Strensth Cone. f, 4 ki W b4 210 214200

18 Tield Strenzth Beam f 500 ks WA b4 211 215220

1 Tield Strensth Rebar £, 80 ki W30 b4 211 215220

20 o, of girders 1, & 40 b4 215 215300

21 Girder spacing s 7 w0 A W33 X 221 225420

22 Overhang 4, 3 W b4 231 235620

23 # of rails 2 W X 232 236640

24 Rail Width 15 f 40 X 235 239700

5 Ares Rebar in Top Slsh A, 35w ki b4 235 239700

26 Area Rebar in Bottom ' 4 i W7 b4 235 239700

27 Diist from top cone to top rebar 2 in W33 X 241 245220

25 Diist from top cone to bot rebar i1 in ﬁ

23 E, 29000 ksi ) )

30 |Article Hurher of Lanes Loadsd 3 In this case, a W40x215 is

A ldp2al Lovz Datly Traffic ADT 500 the minimum size a”owed

by AASHTO design

standards using two
design trucks, therefore
use the two truck analysis

. )
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Design of a three span equal length steel bridge
(40 — 100 - 40-ft. length by 56-ft. width)

Step 1: Open CSU Steel Bridge Design Excel Spreadsheet

Enable Macros and a splash screen | = -2l il | m[@@ B s 7y

I

will appear. Click Continue to — T

open the design software d Rolled Steel Girders Made Continuous Over Piers
Click on the image to find the lightest shapes to satisfy loads

Dist from top cone to top rebar
Dist from top cone to bot rebar

. Rolled Steel Girder Bridge

E

| & | Weight Area Duw
7 sift in’ in
[ e | 211 62 36.56
el
| 10| Input Data Denotes RA
1
2 | Longest Span Length
| | Full Width
| | Slab Thickness
| 5 | Haunch Thickness
| | Asphalt Thickness
| 7| Yield Strength Cone.
| | Tield Strength Beam
1 | ield Strength Rebar
20 Ho. of girders
Bl Girder spacing
2 Overhang
| 23 | #of rails g i 4
24 Rail Width 1 2 - e o
B Area Rebarin Top Slab o %-‘iDes.lgn & Cost Estlmgtlon for
2 Area Rebar in Bottom - a Simple Made Continuous
|27
| 28 |
29
E3
EE
2
=]
E3
35
| 3 |
37

: : = -

Article Humber of Lanes Loaded —

462861 Avg Daily Traffic ADT 6500
Int Diaphragm Spacing 18 ft
Ext Diaphragm Spacing 12 ft
Barrier Weight 482 Dbsift
End Input Data
Lane Load + DL2 097  kipsift
Modular Ratio n 7.56 :!

4 4 » M|\ Introduction }Beam Analysis { Analysis Results £ Design Charts Summary Report Cost Analysis £ Saved Results J il I
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Step 2: Input basic bridge data

Cmp LR LUR mEW o pEEL lwman  Juee  pawa o Lep
NEHRSRITH|I%R2@B-F9-0- 1@ -4 5 @@ [ tmesnewRoman
M17 - =
A | E | [= | 1] | E | F | G L H ] 1 | J 3 | L | [X]
1 Design of Simply Supported Rolled Steel Girders Made Continuous Over Pie
2z W3IIN152
i Pick a shape $§§§};‘0 Click on the image
4 WAIEIE =
WE0EG ey £ R q
5 WIORIST 5 - T'-’:‘ [2] Ture Dusign Truchs Wil be Analyzed with
3 Weight Ares D EF Ty T; EFRTF  HTW I, I, Sy R
7 sttt i’ in in in in i’ in' in' in
8 183 533 39 118 065 12 492 526 13200 774 675 157
]
10 Illpl.lt Data Dienctes Raquired Field Eolled shapes which will satizfy load demands Diaphragm
1 Select how many resalts to show 15 Feq'd
12 Longest Span Length L 100 ft l[_I:LI Weight (Ths)
13 Full Width wr i ft P | | > | W40 X 183 186660 0
1# Slah Thickness 1, g in W3E b4 134 197880
15 Hamneh Thickness t, 075 in W40 b4 199 202980
15 Asphalt Thickness t, 2 in W3 b4 201 205020
17 Tield Strength Cone. f, 4 ksi W3k X 210 214200
12 Tield Strength Feam f M ksi W40 b4 211 215220
1 Tield Strength Fehar . &0 ksi W b4 211 215220
20 Ha. of girders H, & W40 bid 215 219300
21 Girder spacing s 7 ool # W3 X 221 225420
22 Crverhang d 3 f Wb bid 231 235620
23 # of rails 2 WG X 232 236640
24 Fail Width 15 239700
26 Area Rebar in Top Slab 4, 35 in inall d hat is i \i'mu
26 Area Febar m Bottom A 4 in’ Enter Ina atat a't ISIna 700
z Dist from top come to top rehar 2 highlighted field. Girder 20
28 Diist from top cone to bot rebar ] in M .
N E Ry — spacing will depend on the
30 | deticle Humber of Lanes Laaded 3 overhang and number of
A 46261 Livg Daily Traffic ADT £500 .
Ea Int Diaphragm Spacing P girders. Note the value of the
| 33| Ext Dispheagm Spacing 123 -3 DL2 + Lane Load in cell , if
34 Barrier Weight 422 Dsift
B End Input Data standard values are to be
1 Lane Load + DL2 104 kipsift used. This value will be used
a7 Modular Eatio n 756
M 4 » wf Introduction 3 Beam Analysis { Analysis Results f Design Iater ults/ J_-

/

Step 3: Run CSU-CBA .exe global stiffness analysis

b Tools [Data  Window Help

PN = vg)Zv%l%l @.@ ﬁTimesNewRoman -1l - B I U EE=A S % o0
[ o [ e [ F [ & [ W [ v [ a0 [ ¥ [ L [ ™ [ ® [ o [ F [ @ | & | =

Design of Simply Supported Rolled Steel Girders Made Continuous Over Piers

Click on the imnage to find the lightest shapes to satisfy loads

W I0K3ET

D EF T T,

£ »
f '-cr‘: Tuea Dezign Trucks Will be Analyzed with accordance to Article 3615

HITW I, Z
in? it Py

458 15500 08 786

I Zy 3y Ry Dy
i i in’ in in

39.4 118 0.75 142 G6.1 251 36.58

Dienates hich will satisfy load demands

L

1.) Check the box, specifying that two
trucks will be used in this first analysis

2.) Click the image to

open the global (Article 3.6.1.3). This allows the
stiffness analysis program to use the 10% live load
program. reduction.
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B csu-CBA-Unknown

File Format Input Help

gl Anapsis |
= = sy B0

Select the span
geometry button, to
specify span lengths.

Note: Any size shape can be selected from the Section selection because only moment and shears are
being found, which do not take into account elasticity or moment of inertia.

Click the Section button. Select a

| ™ shape from the AISC steel table and
Input | Analysis | H
ol clickok.

Section selection

]
~Section options Steel Table:

I R = e T\\x A Spn  Ractangular
1 0 0 0 0

@ From Table
Delete Span

Section Width [10 in
- Section Height |20 in
Materials

Ok

Next, click the materials
button. Gr. 50w steel is set
as the default. Again, click
ok.
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L]

Input ] Analysis I

== =y B LT

Geometry x|
SpanID | Length (f) | E(psi) ‘Area(inZ) | Ix (in4) Iy (in4) | Add Span
29000000 174 50400 2520

29000000 174 50400 paitdll Delete Span
29000000 174 50400 paitdll
Section...

Input the three spans as 40, Materials...
100, 40 ft as shown e

B csu-cea-unknown

i Click the truck to bring

D= H e el up the live loading
screen.

Notice that there are
now three spans

100 ft
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Add the noted value from cell in
the spreadsheet. This
distributed load represents the
DL 2 + the Lane Load.

Primary Load Cases

x|

Distributed Load:|1.04

kips/ft Truck running step: |1 ft
Load Coefficient: |1 Load Coefficient: 1.3

Truck Properties: Truck table:
ID |Wheel Positions [ft) | wheel Loads [kips]| Truck ID Truck Positions [ft) |
1 |0.000 8 1 0.000

14 32
2
Add Wheel | Delete Wheel | Add Truck te Truck

2

Add the values for an HL-91>N

truck into the truck Il Cancel Add a second truck.
properties table. Since two According to Article 3.6.1.3
trucks are used, the wheel the second truck must be at

positions will not change.

\ )

in 78 ft for the second truck to
satisfy this.

least 50 ft behind the first. Put

~

/

1.) Once all data has been input, select the analysis tab and click the
truck to run the program. If the scale is not ok, go the Format dropdown
and click units. Move the sliders to get an acceptable scale. (See Users
Manual for more detail)

Input | Analysis

B CsU-CBA-Unknown

& Truck Live Load Analysis

2.) Save the results. The file will
be saved as a .cha and the
results.txt will be updated. Close
the program.

Shear
Diagram
{kips)

114,443

Moment
Diagram
{kips-ft)

RY=7112 UNIT: Span:ft Section:in Force: Kps Moment: kips-ft Distributed Load: Kipsfft E:psi Density: kipsfft3
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Step 4: Import the data to size the appropriate girders.

Look in: I@ Resulks j @ -0 a [y £ - Toos -

Design Charts
@ ERESUMM flmport the Results.txt file that\

Iy Recent E] Steel Table, bxt

Bosuments was updated after the analysis
@ was saved. The file will be in
Desktap the directory where the

CSU.CBA.exe file is located

)

Eia File name:

-
Iy Metwork J
Places Files of bype: IText Files (%, bxt) j Cancel |,

| Import

Step 5: Results from two truck analysis
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IE_I] File Edit Wew Insert Format Tools Data  Window Help
NEHR SR FE| &R L0 @3 - 8] 3G @ B Times Mew Roman ~ « 11+
Al - 1
B B | T 1 0 [ E T F 1T G || 1 || K] L ] Mo [ M
1 Design of Simply Supported Rolled Steel Girders Made Continuous Over Piers
2 WIEK152
| W3IKI4 . . .
3 Pick a shape W30 Click on the image to finc
[, WG
4 WIS
5 WI0XIST Tweo Design Trucks Will be Analyzed with accordance £
|5 | Weight Area D EF Ty T; Z Sy Ry I,
7 Tbsift i’ in in in in in' in' in' in in'
g 211 62 39.4 118 0.75 142 4.17 456 15500 208 786 158 390
9
10 Input Data Denotes Required Fiald Rolled shapes which will satisfy load demands Diaphragms
il Select how many resalts to show 15 Req'd
12 Longest Span Length L 100 ft M Weight (Tbs)
B Full Width w 56 fi P | | » | W4 b4 211 227330 7%
" Slab Thickness t, g8 i W4 b4 215 232200
[ Hamch Thickness t, 075 i W36 b4 231 249430
® Asphalt Thickness t, 2 i W36 b4 232 250560
I Tield Strength Cone. £, 4 ksi W4 b4 235 253300
I Tield Strength Beam , 50 ks W33 b4 241 260280
1 Tield Strensth Rebar £ 80 ksi W36 b4 247 266760
20 Ho. of girders H, & W4 b4 249 268920
2 Girder spacing s 7 100 s W36 b4 256 276430
22 Overhang 4 3 f W30 b4 261 281880
23 # of rails 2 W36 b4 262 282960
7 Rail Width 15  # W33 b4 263 284040
% Area Rebar in Top Slab I 35 i Wan % 264 85120
25 Area Rebar in Bottom Fi 4 in' WwWan e 277
27 Dist from top cone to top rehar 2 in Wi % 278
25 Diist from top cone to bot rebar [ in
29 E, 29000  ksi
30 | drticle Humber of Lanes Loaded 3
3 46261 Avg Daily Traffic ADT £500 / .
B It Diaphuagm Sparing 18 Once the results are imported, each
33 Ext Diaphragm Spacing 12 ft H H H
Bl Buarior et e AISC wide flange beam is subjected to
% End Input Data extreme forces produced and compared
36 Lane Load + DL2 104 kipsift . .
2 Modula Fatio x 7.5 with the AASHTO LRFD design. The
M 4 » My Introduction 3Beam Analysis i Analysis Results Design Charts Sumrmary Report - - -
X ; lightest passing shapes are displayed
Step 6: One truck analysis
here.
| E I c I 0 ] E F ] Lc] [ H T ! I | L3 I L T Ll | L — Lal— . — |
:! Design of Simply Supported Rolled Steel Girders Made Continuous Over Piers
Pick a chape Click on the image to find the lightest shapes to satisfy loads
OTwe Design Trucks Will be Analyzed with accordance to Article 3.6.1.3
Waight Ayes D Iy By I, Zy 3y Ry Do
bsift in in' in in! in in' in in
215 526 | 15700 964 796 | 156 101 | 354 | 36.56
2.) Rerun the global
Input Data H - es which will satisfy load demands
stiffness analysis - et to sharw i3
Longest Span Le s LG Weaight (Is)
Fal gt program by clicking the % 215 295750
5lab Thickness f b3 231 242550
Image
Haunch Thickne I3 235 246750
Asphalt Thickne: z 247 259350 1) Uncheck the bOX,
Tield Strength Co: X 249 261450 to do aone trUCk
Tield Strength Beam i, 50 ks W36 b3 256 268800 )
Tield Strength Rebar £ &0 ksi W36 b3 262 275100 anal yS IS
Ho. of girders W, & W33 z 23 276150
Girder spacing s 7 w00 & W40 z 264 277200
Overhang 4 3 A W0 z Fed 290850
# of rails 2 W0 z 278 291900
Rail Width 15 & W36 z 282 296100
AveaRebarin Top Slab | A, 35 i W3 b 291 305550
Area Rebar in Bottom I 4 i 30 z 292 306600
Dist from top come to top mehar I W0 z 294 308700
Dist from top come to bot wbar & i
E, 29000 ki

Step 7: Inputting values for one truck analysis
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Ecsu-cea-unknown

File Format Input  Help

Irput IAnaIysisI
M & e el s

Loak in: I_; Results j - =5 ER-

)Design Charts

0pen the previously (=0 50ft Roudy Trout Farm.cha

[ 75-100-75ft cha

saved .cha file for A | 75-62-86-65ft.cha

(= s0ft-100-80Fatigue. cha

the three span bridge \ = sortspanztruck.cba

[E=h aoftspan. cha

.cha
e 97-110-97 .cba
(=0 boxelder7art cha
(= simple100ft, cba

File niame {85 - 85.cba Dpen |
Files of type: IEDnllnuuus Beam Desgin Cancel |

v

g FOrMat  INpUC  Heip
Input IAnaIys\sI

O = o2 T ey

Primary Load Cases

Distributed Load:{1.04 kips/{ft Truck running step: |1 ft
Load Coefficient: |1 Load Coefficient: 1.3

Truck Properties: Truck table:

ID |wWheel Positions [ft] I Wheel Loads [kips] | Truck ID Truck Positions [ft)
1 |0.000 8.000 1 0.000

14.000 32.000

/’Add wheel |  Delete Wheel | Add Truck |
|

Cancel |

1.) Click the live
loading button.

2.) Delete the second truck from

3.) Change the third wheel position to the the Truck table.

axle spacing which will create the largest
moments. In this case, the maximum 30 ft
spacing between axles 2 and 3 will produce
this.
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B CSU-CBA-C:\Documents and Settings\astone\My Documents',Steel Bridge CDOT Research'Results'40 - 100 - 40.cba
Fie Format Input Help

Input Ak |

r e i e
H L R v

=l

2.) Once the analysis is complete, save the
file, exit the program, and import the results
into excel as before.
1.) Click on the truck to
run the analysis again.

1.04 kips/ft
1001t

40t

Shear
Diagram
(kips)

Moment
Diagram
(kips-ft)

Step 8: Comparing the two analyses
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@J File Edit Yiew Insert Format Tools Data  Window Help

El
E
El
22
Ea
El
35
o5
B
H

///Compare the value of the

lowest beam size to the
first analysis. If the first

analysis has a higher

value, it controls. Repeat
steps 3-5, otherwise beam
design is complete

Article
46261

n
<« » vl Introduction % Beam Analysis

Asphalt Thickness t,
Field Strength Cone. 1.
Yield Strength Beam .

Yield Strength Rebar £
Ho. of girders H,
Girder spacing 5

Ovverhang 4
# of rails

Rl Width

AreaRebarin Top Slb | 4,
Area Rebar in Bottom A

Dist from tap cone to top rehar
Dist from top cone to bot rehar
E.

Humber of Lanes Loaded
Avvg Daily Traffie

Int Diaphragm Spacing
Ext Diaphragm Spacing
Barrier Weight

End Input Data
Lane Losd + DL2
Modnlar Ratio

ADT

" 10m

3
2
15
35

4
2

[}
22000
3
6500
18

12
482

104
7.56

18 = -5 3 e

I T T - O N T

ipported Rolled Steel Girders Made Continuous Over Piers

E Times Mew Roman -1l - | B

Click on the image to find the

e
= T '..'": [ Two Dicign Trucks Will b Analyzed with accordance to Artis
T: BFRTF  HITW I, T S R I,
in' in' in’ in in'
733 526 14300 869 770 16 895

shapes which will satisfy load demands Diaphragms
g resulis 1o show 15 Reqd
Weight (Tbs)
2 214320 T8
X 211 227880

m w40 X 215 232200
n W33 X 221 238880
ksi W3S X 231 249420
ksi W38 X 232 250560
ksi W40 X 235 253800

W33 X 241
1t W3S X 247
ft W0 4 249

W36 X 258
ft W30 X 281
in WaE X 262
in’ W33 X 263
m w40 X 284 -
i In this case, a W40x211
ksl . .- . .

is the minimum size
8 allowed by AASHTO
ft - -
B design standards using
i two design trucks
Analysis Results £ Desion Charts £ Summary Report £ Cost Analysis

\ )
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Design of a two span unequal length steel bridge
(80 — 100-ft. length by 56-ft. width)

Step 1: Open CSU Steel Bridge Design Excel Spreadsheet

Enable Macros and a splash screen | = -2l il | m[@@ B s 7y

I

will appear. Click Continue to — T

open the design software d Rolled Steel Girders Made Continuous Over Piers
Click on the image to find the lightest shapes to satisfy loads

Dist from top cone to top rebar
Dist from top cone to bot rebar

. Rolled Steel Girder Bridge

E

| & | Weight Area Duw
7 sift in’ in
[ e | 211 62 36.56
el
| 10| Input Data Denotes RA
1
2 | Longest Span Length
| | Full Width
| | Slab Thickness
| 5 | Haunch Thickness
| | Asphalt Thickness
| 7| Yield Strength Cone.
| | Tield Strength Beam
1 | ield Strength Rebar
20 Ho. of girders
Bl Girder spacing
2 Overhang
| 23 | #of rails g i 4
24 Rail Width 1 2 - e o
B Area Rebarin Top Slab o %-‘iDes.lgn & Cost Estlmgtlon for
2 Area Rebar in Bottom - a Simple Made Continuous
|27
| 28 |
29
E3
EE
2
=]
E3
35
| 3 |
37

: : = -

Article Humber of Lanes Loaded —

462861 Avg Daily Traffic ADT 6500
Int Diaphragm Spacing 18 ft
Ext Diaphragm Spacing 12 ft
Barrier Weight 482 Dbsift
End Input Data
Lane Load + DL2 097  kipsift
Modular Ratio n 7.56 :!

4 4 » M|\ Introduction }Beam Analysis { Analysis Results £ Design Charts Summary Report Cost Analysis £ Saved Results J il I
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Step 2: Input basic bridge data

LS LG Lum mET WBEIL WL LUWE WA mun Lep
NEHRSGRITH % BR-F/9-0-0 -4 % EHe [ tmestewRoman
M17 - =
A | E | [= | 1] | E | F | G L H ] 1 J 3 | L | [X]
1 Design of Simply Supported Rolled Steel Girders Made Continuous Over Pie
2 WIINIE2
i Pick a shape $§§§};‘0 Click on the image
¢ ok s
5 WIORIST : JE T'-’:‘ Ture DuzignTrucks Wil be Analyzed with
] Waight Ares il EF Ty T BFi2TF HITW I Ly Sy By
7 sttt i’ in in in in i’ in' in' in
] 183 535 39 118 0es 12 452 528 13200 74 &95 159
a
10 Illpl.lt Data Dienctes Raquired Field Eolled shapes which will satizfy load demands Diaphragm
1 Select how many resalts to show 15 Feq'd
12 Longest Span Length L 100 ft l[_I:LI Weight (Ths)
13 Fall Width w 56 ft 4 I | » I W40 X 133 136680 m
14 Slab Thickness t, g in W3s X
== e e : o — s Enter in all data that is in a
) Tess o in . . - -
[ | ield Strength Cone, £ 4 ks highlighted field. Girder
| & | ¥iald Strength Beam f 0 ks spacing will depend on the
1 Tizld Strength Rebar . &0 lsi
B _ 2 overhang and number of
20 Ho. of girders H. ]

2 Girder spasing s 7w A wa x| girders. Note the value of the
pord Crrerhang . 3 ft W38 H H H
= P & ; voe—2 DL2+ Lane Load in cell , if

2t Rail Width 15 8 W40 x|  standard values are to be
| 2| AreaRebarin Top Skb | A 53 W20 %l used. This value will be used
26 Area Febar m Bottom A 4 m” wWar X
27 Diist from top cone to top rebar 2 in W35 b4 Iater
28 Diist from top cone to bot rebar & in
24 E. 22000 ksi
30 |Article Humber of Lates Loaded 3
3 (46261 ALrg Daily Traffic ADT 500
32 Int Diaphragm Spacing 18 ft
33 Ext Diaphragm Spacing 12 ft
34 Barrier Weight 422 Dsift
5 End Input Data
el Lane Load + DL2 1.04| kipsft
37 Modalar Ratio n 7.58
W 4 » wf Introduction 3 Beam Analysis ¢ Analysis Results f Design Charts / Summary Report £ Cost Analysis £ Saved Results / J_-

Step 3: Run CSU-CBA .exe global stiffness analysis

b Tools [Data  Window Help
PN = - @ x - =1 @.@ ﬂ Times Mew Roman -1l - B I U EE=A S % o0
[ 0 T €E T F T G [ H 1 0 T K] L [ m [ w [ o [ P [ @ [ R [ s

Design of Simply Supported Rolled Steel Girders Made Continuous Over Piers

WIIHIE2
WIIHI4
WIIHII0

WIIAIE =
et o A W
o] BF Ty T: BFI2T, HITW I,
in n in in in'
39.4 1s 075 142 45.6 15500
Denotes

L

2.) Click the image to
open the global
stiffness analysis
program.

hich will satisfy load demands

Click on the imnage to find the lightest shapes to satisfy loads

Twa Design Trucks Will be Analyzed with accordance to Article 3.6.1.5

Zy
it

08

ik

I Zy Sy Ry D
i i in’ in in
&6.1

P

786 251 36.58

1.) Check the box, specifying that two
trucks will be used in this first analysis
(Article 3.6.1.3). This allows the
program to use the 10% live load
reduction.
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B csu-CBA-Unknown

File Format Input Help

gl Anapsis |
= = sy B0

Select the span
geometry button, to

specify span lengths.

Note: Any size shape can be selected from the Section selection because only moment and shears are
being found, which do not take into account elasticity or moment of inertia.

-

Click the Section button. Select a
shape from the AISC steel table and
click ok.

Span ID Length (ft) | E(psi) Area (inzh\
1 hiﬂ [1} [1}

Next, click the materials
button. Gr. 50w steel is set
as the default. Again, click
ok.

Input | Ansis |

0O = =

Section selection

x|
Section options Steel Table:

Add Span ¢ Rectangular - AISC

* From Table

Delete Span

Materials...
r

K

Aol

Input ] Analysis ]

O = B ==l e

Geometry x|

Span ID | Length (9 |E(psi) |Area(in2) | Ix (in4) ly (in4) | Add Span
1 80 29000000 109 29600 1420

2 11 29000000 109 29600 1420 Delete Span

Section...
Materials...

Input one 80 ft span and
one 100 ft span

Cancel
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R Csu-CBA-Unknown
Fie Format Input Help

=18l

Click the truck to bring
up the live loading
screen.

(g ] Anapsis |
0O = 5l as pllem

Notice that there are now
two unequal spans, 80 ft
and 100 ft

100m

Add the noted value from cell in
the spreadsheet. This distributed

load represents the DL2 + the Lane
Load.

Change this value to 1 to make
the program run faster

]
Distributed Load:|1.04 kips/it Truck running step: ft
Load Coefficient: ’1— Load Coefficient: ’137
Truck Properties: Truck table:
ID |Wheel Positions [ft] | Wheel Loads [kips] | Truck ID Truck Positions [ft) |
1 [0.000 g8 1 0.000
14 32 2
2
Add Wheel | Delete Wheel | Add Truck te Truck
Add the values for an HL—QD
truck into the truck Il M Add a second truck. \
properties table. Since According to Article 3.6.1.3
identical two trucks are the second truck must be at
used, the wheel positions least 50 ft behind the first. Put
will not change. mf?i;tt];c_)r the second truck to
satis is.

\ ) /
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Format Help
Input | Bnaisi }

Once the truck has run
across, click on the
envelope to see
maximum and minimum

values.

Shear
Diagram
(kips)

Moment
Diagram
(kips-ft)

File Format Input Help
put (B
22 Moo D (R

Moment and Shear Envelopes

100 ft

Shear
Envelope

Note the maximum or minimum w  (ldps)
moment values.

Moment

Envelope
(Kips-ft)
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Step 4: Running the truck from both directions

gt | anaysis | Go back to the live loading
O = | 2 rl e enu. :

W oad Analysis

Switch the values — i =
of the first and

th”rd Wheels Th|S Distributed Load:|1.04 kips/ft Truck running step: |1 f
W||| Simulate the Load Coefficient: |1 Load Coefficient: 1.3

trUCk running Truck Propert-il-as: : Truck table: _
ID |Wheel Positions [ft] | Wheel Loads [kips] | Truck 1D Truck Positions [ft] |
from the other

. - 1 [0.000 32 1 0.000
direction. 14.000 32.000 2 8.000

Add Whee! | Delete Wheel | Add Truck | Delete Truck

Cancel

2
3

B csu-ca-unknown

FienGormat Input  Help

Once the largest values have been
obtained, save the file and the
Results.txt file will automatically
update.

100t

Compare this value in the
envelope menu to the previous Envelope
value. Use the larger value. In smgis - (kips)
this case, they are very similar

Shear

Moment
Envelope
(kips-ft)
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Step 5: Import the data to size the appropriate girders.

Look in: I[ﬁ Resulks j @ -0 a Py 2 - Tooks+

Design Charts
@ ERESU'tS'tXt —flmport the Results.txt file that\

My Recent E] Steel Table, bxt .

poruments was updated after the analysis
@ was saved. The file will be in
Desktop the directory where the

CSU.CBA.exe file is located

)

Eig File name:

My Metwork
Places Files of tvpe: IText Files (*,bxt)

Imnpork I
Cancel I
4

Led L
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Step 6: Results from two truck analysis

Al A B
o E | [= | D | E | F | G | H ] 1 | J K | L | [T} |
i Design of Simply Supported Rolled Steel Girders Made Continuous Over Piers
2 WIEES2
3 Pick a shape Kigi};‘o Click on the image to find
' e s,
5 W30S LR, Tura Design Trucks will be Analyzed with accordance &
& Weight Area D EF Ty T, EFRTF | HITW I, T 5y Ey I,
7 Thsit i’ in in in in' in' i’ in in'
8 215 £34 39 158 045 122 645 324 16700 284 59 162 798
9
10 Input Data Denotes Required Field Eolled shapes which will satisfy load demands Diaphrazms
1 Select how many results to showr 15 Eeq'd
2 Longest Span Lensth L s a4l Weight (s
12 Full Width % ft 4 | | > | W e 215 223750 78
1 Slab Thickness 1, 8 i W3E o 231 242550
5 Hameh Thickness t, 075  in a0 b4 235 248750
5 Asphalt Thickness 1, 2 i W e 247 239350
17 Tield Strength Cone. f, 4 ks Wai % 249 261450
I Field Strength Feam f S0 ksi W3 k4 256 268500
1 Field Strength Fehar £, 80 ksi W3 e 262 273100
20 Wa. of girders H, 8 W3 X 263 276150
21 Girder spacing s 7 1w a8 W0 4 264 277200
22 Overhang d, 3 ft Wai % 277 200850
2 # of rails 2 W0 4 278 2091900
24 Fail Width 15 ft W3 4 252 296100
%5 Area Reharin Top Sl | 4, 35 W33 k4 291 305550
25 Area Bebar in Bottom A 4 in' W30 H 308600
27 Dist from top cone to top rebar 2 in W40 X 308700
28 Dist from top cone to bot rebar [ in
2 E, 20000 ki
30 | Article Hurber of Lanes Loaded 3
i (46261 Avg Daily Traffie ADT &500 .
nt Diaphragm Sparing
32 Int Diaphragm § EI Once the results are imported, each
33 Ext Diaphragm Spacing 12 ft - - -

N Barrior Weight - AISC wide flange beam is subjected to
% End Input Data extreme forces produced and compared
36 Lane Load + DL2 104 lipsift . .

i otalar Foatin u 15 with the AASHTO LRFD design. The

M 4 » [ Introduction 3 Beam Analysis ¢ &nalvsis Results # Design Charts 4 Summar | ightest passi ng Shapes ared i5p|ayed

—_—— = @ s

=

o
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Step 7: One truck analysis

[ & [ ¢ [ © [ € [ F [ & [ w® [ T [ & | k& [ "t [ ™ [ N | o [ F [ @& [ #® | s
:! Design of Simply Supported Rolled Steel Girders Made Continuous Over Piers
Pick a chape Click on the image to find the lightest shapes to satisfy loads
OTwe Design Trucks Will be Analyzed with accordance to Article 3.6.1.3
Weight | hws D I, z, 5, E,
sift in' int in’ in in
215 526 | 18700 796 | 156 101 | 354 | 3656
2.) Rerun the global

Input Data es which will satisfy load demands

15

stiffness analysis

Longest Span Les s L Weight (s
Lt program by clicking the | s P
Slab Thickness : b 231 242530
image
Hannch Thickne: X 35 246750
Asphalt Thickne X 247 259350 l) Uncheck the bOX,
Tield Strength Cos x 249 261430 to do a one truck
Tield Strenth Beam T, 50 ks W36 b 236 258800 )
Tield Strength Rebar £ &0 ksi W36 b3 262 275100 anal yS IS
Ha. of girdezs W, & W3 X 263 276150
Girder spacing : 7 om0 oA 2] % 264 277200
Crverhang 4 3 of 2! x 217 290830
# of rails z 2] x 278 291500
Fal Width 15 # W36 X 252 296100
AraRebarinTop Sl | &, 35 i W33 b 291 303530
Area Rebar in Bottom I S W3 x 292 306600
Dist from tap cone ta top rehar 2 2] x 294 308700
Dist from tap come ta bot whar £ i
E, 29000 ke

Step 8: Inputting values for one truck analysis

SU-CBA-Unknown

File Format Input Help

Iriput IAnaIysisI
(Y= = A

Look in: I I3 Results

| ) Design Charts

Open the pre\nously = () 50t Roudy Traut Farm.cba

F5-100-5ft.cha

saved .cha file for the [ 76-52-86-aft.cha

80ft-100-80Fatigue. cha

two unequal span = sortspanztruck.cba
- ) B0ftspan. cha
bridge

a
97-57ft.cha
97-110-97.cba
boxelder78Ft.cha
simple100ft.cha

File niame |85 - 85.cba

Files of type: IEunlmuuus Beam Desgin
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L3

Iriput ]Analys\s]
(=g =y Rl

Primary Load Cases

Distributed Load:|{1.04 kips/ft Truck running step: |1 ft
H H Load Coefficient: |1 Load Coefficient: 1.3
1)) Click the live _
Truck Properties: Truck table:

Ioad I ng bUtton . ID |Wheel Poszitions [ft] | Wheel Loads [kips] ‘ Truck ID Truck Positions [ft]
1 |0.000 8.000 1 0.000
|2 |14.000 32.000

Add Wheel | Delete Wheel | Add Truck_|

Cancel |

2.) Delete the second truck from
the Truck table.

3.) Change the third wheel position to the
axle spacing which will create the largest
moments. In this case, the maximum 30 ft
spacing between axles 2 and 3 will produce
this.

Input [l }

=
N —]

1.) Click on the truck to
run the analysis again.

2.) Once the analysis is complete, save the
file, exit the program, and import the results
into excel as before.

Shear
Diagram
(kips)

Moment
Diagram
{kips-ft}

%,y =3,105 UNIT: Span: ft Section:in Force: kips Moment: Kips-Ft Distributed Load: kipsfft E: psi Density: kipsifta

136




Step 9: Comparing the two analyses

Microsoft Excel - SteelBridgeDesign - CDOT.xls

&) Fle Edt Yew Insert Format Tools Data  Window  Help

DERHR| S 2= | V2 £ - @ E -8 ] @ng B Times Mew Roman - 11
K13

& Compare the value of the I = =] 1 7 ] ] T I M

1 lowest beam size to the ipported Rolled Steel Girders Made Continuous Over Piers
= first analysis. If the first : .

3 . . Click on the image to 1
7 analysis has a higher _

: Value, it controls. Repeat = i P [ Twa Disign Trucks Wil be Analyzed with accords
| 6 | steps 3-5, otherwise beam T, | BFRTF| HTW L s 5 Ex

7 . . n? nt i n ;
a design is complete s26 | 10| M &75 157 | =

4

10 which will zatisfy load demands Diaphragms

11 5 ts to showr 15 Feq'd

12 Longest Span Length L 85 ft Weight (Ths)

13 Full Width w 56 ft P y | w40 X 183 | _I 156660 70

I Slsh Thickness 1, g8 i W b4 194 157880

15 Haumneh Thickness 1, 075 in WA b4 199 202980

1 Asphalt Thickness 1, 2 in W33 b4 201 203020

17 Tield Strensth Cone. f, 4 ki W b4 210 214200

18 Tield Strenzth Beam f 500 ks WA b4 211 215220

1 Tield Strensth Rebar £, 80 ki W30 b4 211 215220

20 o, of girders 1, & 40 b4 215 215300

21 Girder spacing s 7 w0 A W33 X 221 225420

22 Overhang 4, 3 W b4 231 235620

23 # of rails 2 W X 232 236640

24 Rail Width 15 f 40 X 235 239700

5 Ares Rebar in Top Slsh A, 35 in ki b4 235

] iirea Febar in Bottam ' 4 w27 bt 35 .

27 Dist from top cone to top rebar 2 in W33 e 24 In thls Case’ a W40X183

25 Diist from top cone to bot rebar i1 in IS the minimum Size

23 E, 29000 ksi A A

30 |Article Hunber of Lanes Loaded 3 al |OW€d by SH-I-_O

3 46251 e Dailr Traffic ADT 8500 design standards using

two design trucks

\_ )
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APPENDIX F: COLORADO PERMIT TRUCK ANALYSIS
USER’S MANUAL

CSU-CBA

(Colorado State University-Continuous Beam Analysis)

Colorado Permit Truck Analysis
Program Users Guide

Alex Stone
John W. van de Lindt
Thang N. Dao

J
2

)
3
2
S

.5
é,’.)\
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http://www.dot.state.co.us/
http://www.dot.state.co.us/

Introduction

This program analyzes a Colorado Permit Truck and determines the minimum rolled beam size
required to satisfy the loading. This program will follow all of the same guidelines as the previous CSU-
CBA User’s Manual. The Colorado Permit Truck is only analyzed based on strength and uses Strength 11
load factors. This User’s Manual only describes how to set up the program to analyze the Colorado
Permit Truck. Refer to the previous User’s Manual for a complete guideline for running the software
package.

A E C u] E F [E] H | il K
1 | Design of Simply Supported Rolled Steel Girders Made Contt
2
3 /3.) Run the global stiffness analysis C
4 i !
: program. Refer to the previous : [ T P
- User’s Manual for guidance. E_nter T. | SEatE | BTW | & z
; the values for a Colorado Permit i ” o
8 Truck into the live loading screen. 0.83 111 543 5800 588
g
0 K Rolled zhapesz which will zatizfv load dema:
1 I P
12 Longzest fpan Lensth L o0 t 1 4 Mwsewsie
13 |CDOT Sp=c.  Full Width 4 ¢ 1 L I X 146 | waexase
# |Subsection 8.2 | Slab Thickness L, 8 i 2 = - sEEn
15 Haunch Thicknes: t, 075 in f 1) Inout th me dat \‘\2
18 FW Surface Thiclness t. 4 in ) pu € Same data
7 Visld Stransth Cone. £ 45 fsi as was entered
7 Viald Strength Beam 50 ke previou3|y into the A
13 “X:ialc'. Str.angth Fzbar :-_ 60 =1 glrdel’ Se|eCtI0n dESIgn A
20 No. of girders s 3 i
2 Girdr spacing 3 733 & software. }
2 Orverhang 4, 367 f Mot i
23 # of rails 2 23
24 Rail Width 15 & W17 X 5% et

. WEIEHIG0
25 Arza Rebar in Top Slab Al 35 in” W40 X 195 xgggﬁa‘
26 Area Rebar in Bottom AL 4 in' W33 X 201 WE0XIET
27 Dist from top cone to top ebar 25 in w4 X 207 || MEoeaEs
28 Dzt from top conc to bot rebar 7 in W30XN2E1
29 E, 29000 ks
20 Number of Lanes Loaded 2
31 Awg Daily Traffie ADT 6500
ol Int Diaphrazm Spacing 18
31 Ext Disphragm Spacing 12 Note the load after
a4 }B:a::;a; ".\'ai_zh:tD 482 the girders are made
EiE| il llpllt ata -
3 Lans Load+DL2 1.15 continuous
37 Medular Ratic n 7.58
38 Total Lansth 260.0 ft
38 | Artiele Int. Effective Flanze Width 38.0 in
40 46261 Ext. Effzctive Flangs Width 880  in
4 Additional Information
4z DHaphrazms and Bearings Channel diaphragms (C15 x 33.9)
Rimpls bearings
. e Seuts i s o 2.) Select whether
45 Avz prics of Nucor Yamato 50.46 the interior or
W36 135 - 256 né . . .

. — @ Euoor Sivder Comrl exterior girder will
48 €22 Interior (Girder Control be ana|yzed
48
a0
51
52
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sorted Rolled Steel Girders Made Continuous Over Piers Select the girder that was

recommended from the HL-93
Design Truck design

Click on the image to det

Apply 2 10% reduction at the negative moment

T Iy Sx
in i in® i
142 535 455 19600 1120 go3
S5 Bas BEIIUSTCIEE
Rolled zhape= which will zatizfv load demand=
p -_l_ , Pick a zhapa
p _I_’ . W HEHE5E Zal 87.1 Tons SI (METRIC)
W4l X 243 | wseie (96 tons Customary US. Units)
W3E X 262 | e
: WIEK1E2
WD X 264 WEEKITO J PPRRS ) BTy s o = .I. P
W40 X 277 WHEXIE0 [ Nkl ¥ 44 - & b
WIEXTEN E B B ]
W40 X 278 WEEKASE g E & § E! *
. WERKIET B
W36 X 232 | WA
W33 X 251 SRS
WS
W40 X 284 WEIKZES Colerads Medified Tandem Vehicle
29 WK Vehicle used &2 determine the Overload Color Code for sisple span stzuctured.
< W22
WERKZ0
WEBKIE3
xggﬁﬁ 454 Tons SI (METRIC)
WIIXIS0 (30 tons Customary US. Units)
WG
- WH0XEIN
Results will be WAHIXEST
. . WHOKIE
displayed with the Witz
. WI0X2E1 s
lightest shape that Liiom, Rty Llee
g i 3 5
satisfies the Colorado %i 2 Tk
2K

Permit Truck loading.
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ported Rolled Steel Girders Made Continuous Over Piers

Also check if the beam is ok in

T the negative moment region if a
in 0, - .
122 645 526 16700 G654 35 16.2 10% redUCtlon Is not Used.
Rolled zhapes which will zatizfy load demands
r Pick a zhape
4 4
_l‘[ : - 40337 F] 871 Tons SI (METRIC)
< Pl w4 X 248 | wanxsiz (96 tons _Customary US. Units)
. . m WADX3E2
W36 X 262 WA0XT24
Wi X 264 |weees Y N PR M N
W4l X 277 |wenxzas £ X S ¥ i,i o
W40 X 278 F me p: t
: S ) 2 3% 3% 3
REL X 282 WA0X33
W33 X 281 wfa0xsar
Wa0xX234
W40 X 254 WADXETE Pt e el fiad enden Vania:
WAL X 297 Walx264 Vehiel ) P —
oK wis | x 302 |wemen If the selected beam is not
- - wWA0X1E3 . .
W33 X 318 |waoxer satisfactory, a message will
w0 | X 324 | sxe0 pop up saying where the s>
W3n X 326 WEBXES2 A
: - WEEKERA moment capacity was
W40 X 327 WEEXNAET
Wi - 330 |wamas L exceeded.
WIENIE1
Beam Exceeds 1.3My in Positive Region
Beam Exceeds Nominal Moment Capacity in Positive Region /
=K F=E

If the girder that was selected in the previous software to satisfy the HL-93 design truck does not
meet the demands of the Colorado Permit Truck, use the minimum beam size required by the Colorado
Permit Truck.

If the selected beam only exceeds the yield moment by 1.3 or greater, further analysis should be
conducted to determine if the beam should be selected.
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APPENDIX G:
GIRDER SELECTION DESIGN SOFTWARE LOGIC

The following presents the logic that is used to create the girder selection design software.

Loads
[ ]

Dead Load 1 moments and shears are generated for a simply supported beam.

All other loads are put into CSU-CBA and moments and shears are found.

In the ‘Analysis Results’ tab, the moments and shears found from the CSU-CBA analysis are
broken down into their respective categories, i.e., DL2, LL, FW. This is done by using ratios
from the total distributed load. For example, the lane load moment would be .64Ibs/ft / total
inputted load multiplied by the total distributed load moment.

The factored moment in column G is not necessarily the moment used for calculations.

Live Load Lane Distribution

The live load lane distribution follows provisions from Article 4.6.

Moment and shear distribution factors are found for both interior and exterior beams.
The appropriate factor is applied depending on inputted data.

These factors are applied to the moments and shears for flexure, shear, and stress checks.
In cell E47, the user can choose if the exterior or interior girder will control the design.

Flexure

Shear

The plastic moment capacity of the composite section is found in both the positive and negative
regions following Appendix D6.

Forces from the flanges, web, slab, and reinforcement are found. Using these values, the neutral
axis location is determined and used to find the plastic moment capacity. In the positive section,
longitudinal reinforcement is conservatively neglected. In the negative section, the slab does not
contribute to the strength of the composite section because it is in tension.

The nominal moment capacity is calculated by reducing the plastic moment capacity according to
Avrticle 6.10.7.1.2.

The yield moment is found and limited to 1.3My.

Strength | factors are applied to the extreme moment values found in both the positive and
negative sections. These values are compared to the nominal moment capacity, and it is
determined if the given cross section is ok in flexure. The maximum Strength | factored loads
must be less than the nominal moment capacity and 1.3My to pass.

The nominal shear capacity is found following Article 6.10.9.2.

It was assumed that all logical shapes to be used are compact sections. If the shape is a W40x149,
W36x135, or W33x108, the designer should recheck the shear design because these shapes are
non-compact.

Holes in the web are not accounted for in the shear capacity. If holes are present, the shear
capacity should be rechecked.

The program determines if bearing stiffeners are required by finding if the maximum factored
shear is less than 75% of the nominal shear capacity.
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Stress

Elastic section properties are calculated for the positive short and long term sections and negative
sections of the composite section.

The long term section is greater than the short term section by a factor of 3.

The moment of inertia and section modulus are found for all three sections.

The negative section only uses the area of steel and reinforcement, while the positive section uses
the concrete and steel.

Once the elastic section properties are found, permanent deformations in the flanges are found in
both the positive and negative sections.

This is done by using the mechanics equation Mc/l, with the I value referring to the appropriate
value found in the elastic section properties.

Service Il load factors are applied to the live load.

Stresses are limited to 95% of the yield strength of the steel.

The negative section has no contribution of stress from the dead load 1.
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