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PREFACE

AASHTO first published Guide Specifications for Horizontally Curved Highway Bridges in
1980. These guide specifications included Allowable Stress Design (ASD) provisions developed
by the Consortium of University Research Teams (CURT) and approved by baliot of the AASHTO
Highway Subcommittee on Bridges and Structures in November 1976. CURT consisted of
Carnegie-Mellon University, the University of Pennsylvania, the University of Rhode island and
Syracuse University. The 1980 guide specifications also included Load Factor Design (LFD)
provisions developed in American Iron and Steel Institute (AlSI) Project 190 and approved by ballot
of the AASHTO Highway Subcommittee on Bridges and Structures in October 1979. The guide
specifications covered both | and box girders.

Changes to the 1980 guide specifications were included in the AASHTO Interim
Specifications - Bridges for the years 1981, 1982, 1984, 1985, 1986, and 1990. A new version of
the Guide Specifications for Horizontally Curved Highway Bridges was published in 1993. It
included these interim changes, and additional changes, but did not reflect the extensive research
on curved-girder bridges that has been conducted since 1980 or many important changes in related
provisions of the straight-girder specifications.

This Horizontally Curved Steel | Girder Bridge design example has been developed to
demonstrate the applicability of the Recommended Specifications for Steel Curved-Girder
Bridges. There were three alternate designs for the web panels studied; unstiffened, transversely
stiffened and longitudinally and transversely stiffened webs. The Design Example was compiled
as a part of the deliverables in National Cooperative Highway Research Program Project 12-38.

The following terms are used to identify particular specifications:

. ANSI/AASHTO/AWS refers to the 1996 edition of D1.5-96 Bridge Welding Code, American
Welding Society and Interim Specifications,

. “previous curved-girder specifications” or Guide Spec refer to the 1993 AASHTO Guide
Specifications for Horizontally Curved Highway Bridges,

. LFD/ASD refers to the 1996 AASHTO Standard Specifications for Highway Bridges, 16th
edition and Interim Specifications and

. LRFD refers to the 1998 AASHTO LRFD Bridge Design Specifications and Interim
Specifications.

It is expected that curved-girder draft specifications based on the present AASHTO LFD
specifications will be incorporated into the AASHTO Load and Resistance Factor Design (LRFD)
specifications in the future. An extensive theoretical and experimental research program is being
conducted on curved-girder bridges under sponsorship of the Federal Highway Administration
(FHWA). This program should permit further improvements in the present curved-girder
specifications.
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I Objectives

1. Using the Recommended Specifications for Steel Curved-Girder Bridges
(hereafter referred to as the Recommended Specifications), design a three-span
horizontally curved steel | girder bridge with four girders in the cross section.

2. Compare the critical stresses in the design by the Recommended

Specifications to the stresses in a similar design by the Guide Specifications for Design of
Horizontally Curved Highway Bridges (hereafter referred to as the Guide Spec).
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| Design parameters

The bridge has spans of 160-210-160 feet measured along the centerline of the
bridge. Span lengths are arranged to give similar positive dead load moments in the end
and center spans.

The radius of the bridge is 700 feet at the center of the roadway.

Out-to-out deck width is 40.5 feet. There are three 12-foot traffic lanes. Supports
are radial with respect to the roadway. There are four | girders in the cross section.

Structural steel having a specified minimum yield stress of 50 ksi is used throughout.
The deck is conventional cast-in-place concrete with a specified minimum 28-day
compressive strength of 4,000 psi. A future wearing surface of 30 psf is specified.

Bridge underclearance is limited such that the total bridge depth may not exceed
120 inches at the low point on the cross section. The roadway is superelevated 5 percent.

Live load is HS25 for the strength limit state. Live load for overload and service load
is taken as HS20 in this example. Live load for fatigue is taken as defined in Atrticle
3.5.7.1. The bridge is subjected to a temperature range from -40 degrees to 120 degrees
Fahrenheit. The bridge is designed for a 75-year fatigue life.

Wind loading is 50 pounds per square foot. Earthquake loading is not explicitly
considered.

Steel erection is examined, including the need for temporary supports. Sequential
placement of the concrete deck is also considered. Permanent steel deck forms are

assumed to be used between girders; the forms are assumed to weigh 15 psf.

Aubum University / HALL 2
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. Steel Framing

Proper layout of the steel framing is an important part of the design process. Five
different framing plans considering different girder depths, cross frame spacings and with
and without lateral flange bracing are examined.
A. Girder Spacing

The four | girders are spaced at 11 feet with 3.75-foot deck overhangs. Reducing
the girder spacing below 11 feet would lead to an increase in the size of the deck
overhangs which would, in turn, lead to larger loading on the exterior girders, particularly
the girder on the outside of the curve. A wider girder spacing would increase the deck
thickness with a concomitant increase in dead load. The bridge cross section is shown in
Figure 1.
B. Girder Depth

Article 12.2 provides for a preferred minimum depth limit of one-twenty-fifth of the
span of the girder when the steel has a specified minimum yield stress not greater than 50 ksi.

In checking this requirement, the effective length of girder spans continuous on both
ends is defined as eighty percent of the longest span between bearings. The effective
length is defined as ninety percent of the longest span between bearings of girder spans
continuous on only one end. The longest effective span length (either end or interior span)
controls. The length of the center span of the outside girder, G4, is 214.95 feet which is
the girder with the longest effective span in this example. Therefore, the recommended
girder depth is computed as follows:

0.80 x 214.95 x 12/25 = 82.5 in.

Aubum University / HALL 3



Horizontally Curved Steel | Girder Design Example Printed on May 10, 1999

Out to Ou_( = 406"

Roadway = 37'-6"
J Lones © 12°-0"

::j: o Structural t = 9"
ngies \ ' ructura =
' Slope = 5%
Z — /

S———— 77

= -‘ /
‘“] 63 g
6z Al Simple -

L

Intermediote Cross Frame mp. G/
ond Interior Supports Support
3'-9" 11'-0" l 11'-0" 170" J-9”

4 Girders total = 33-0"

I GIRDER CROSS SECTION

Deck Concrete——fc = 4000 psi E = 3.6x10% psi
Hounch—-20 Inches wide, 4 inches deep from top of web.

Permanent deck forms
Total thickness——9.5 inches; Structural thickness = 9.0 inches.

Figure 1 I Girder Bridge Cross Section

4

Aubum Unlversity / HALL



Horizontally Curved Steel | Girder Design Example " Printed on May 10, 1999
A web depth of 84 inches is used.
C. Minimum Plate Sizes

A minimum thickness of one inch for the flange plates is arbitrarily chosen to
minimize distortion due to welding. Article 9.1 recommends a minimum compression
flange thickness of 1.5 times the web thickness. The unstiffened web (see below) is 0.875
inches thick. Therefore, Article 9.1 recommends a minimum compression flange thickness
of 1.5 x0.875" = 1.3 inches. When the top flange in positive-moment regions is partially
braced, it is designed as a non-compact section and the recommended minimum
compression flange thickness is infringed upon. The top flange is rigidified by the deck
when the full stress is applied to the section. Therefore, in this example, a minimum flange
thickness of one inch was deemed to be acceptable for the top flange in these regions.
The bottom flanges meet the recommended thickness requirement in negative-moment
regions. Article 9.1 specifies that the flange width not be less than 0.15 times the web
depth (84 x 0.15 = 12.6 inches). The recommended minimum width is 0.2 times the web
depth (84 x 0.2 = 18.8 inches). The minimum flange width is set at 15 inches.

Three options are investigated for the web design; an unstiffened web, a
transversely stiffened web, and a longitudinally and transversely stiffened web (see Section
D.3, page 22).

Article 6.4 limits the thickness of longitudinally stiffened webs to D/300. A 7/16-inch
web is used throughout the girder for this option (84"/0.4375" = 192 < 300). Although a
thinner web could have been used, it would have been difficult to fabricate and to maintain

ANSI/AASHTO/AWS flatness requirements without costly straightening. If a thinner web
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had been used, more than one longitudinal stiffener would have been required in many
locations.

The unstiffened web design has a 0.875-inch thick web throughout. Article 6.2 limits
the slenderness of unstiffened webs with radii not greater than 700 feet to 100. The
slenderness is 84"/0.875" = 96 < 100.

The slendemess of transversely stiffened webs is limited to 150 in Article 6.3. A
0.5625-in thick web is used in positive-moment regions of the transversely stiffened web
design (84"/0.5625" = 149 < 150). The web thickness is increased to 0.625 inches in the
field sections over the interior piers.

D. Cross Frames

The recommended cross frame spacing is 21 feet according to Equation (C9-1) in
Article 9.3.2. Reduction of the cross frame spacing reduces cross frame forces since the
load transferred between girders is a function of the curvature, and therefore is nearly
constant. Reduction of cross frame spacing also reduces lateral flange bending moments
and transverse deck stresses. By reducing lateral flange bending, flange sizes can be
reduced, but at the expense of more cross frames. For the preliminary design, a constant
cross frame spacing of approximately 16 feet was investigated. The final designh uses a
spacing of approximately 20 feet.

Cross frames are composed of single angles with an area of 5 square inches.
Cross frames with an "X" configuration with top and bottom chords are used because they
generally require the least labor to fabricate. If the girder spacing and or depth is large, a

"K" configuration may be desired to reduce forces in the diagonals.
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E. Field Section Sizes

There is one field splice in each end span and two field splices in the center span
resulting in five (5) field sections in each line of girders or 20 field sections for the bridge.
An additional girder-line would increase the number of field sections to 25, which would

increase fabrication by approximately 25 percent.
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Iv. Framing for Final Design
A. Alternative Framing Schemes

Although not required by the Recommended Specifications, five alternative framing
schemes were examined in this example in the preliminary design. All girders were
assumed to have a constant depth. The cross frame spacing was approximately 16 feet

in each of the five preliminary arrangements.

Design 1 - Standard - no lateral flange bracing; equal-depth girders.

Design 2 - Individual girder depths increased by six-inch increments from Girder
1 at 84 inches to Girder 4 at 102 inches.

Design 3 - Design 1 with single bottom flange lateral bracing in the exterior bays.

Design 4 - Design 1 with crossed bottom flange lateral bracing in exterior bays.

Design 5 - Design 1 with single top and bottom flange lateral bracing in exterior

bays.

A 3D finite element analyses of each arrangement was performed. The specified
live load(s) were applied to influence surfaces built from the results of analyses for a series
of unit vertical loads applied to the deck. All bearings but one on the bridge were assumed
to be free to translate laterally and all bearings were assumed to be fully restrained in the
vertical direction for dead and live load analyses.

Non-composite dead load was applied to the steel section. Separate analyses were
made for the self-weight of the steel and for the deck.

Superimposed dead load was composed of the parapets and the future wearing
surface and was applied to the fully composite section. The parapet weight was applied
at the edges of the deck overhangs.
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After comparing girder moments, shears, lateral flange moments, deflections, and
cross frame forces, Design 1 was chosen to be carried to completion.
B. Cross Frames

The cross frame spacing is made nearly uniform over each span in the final design.
The preliminary studies were made with 10 panels in the end spans and 14 panels in the
center span creating a spacing of approximately 16 feet. A 16-foot spacing necessitates
two intermediate transverse stiffeners in each panel to satisfy the minimum required
stiffener spacing equal to the web depth, D. For this spacing the critical flange stress often
was found to exceed the critical stress in the web. The cross frame spacing can be
increased causing a reduction in the critical flange stress, thereby bringing it closer to the
critical web stress, which is not affected by the cross frame spacing. This balancing of the
critical web and flange stresses results in fewer cross frames without any increase in girder
size. In the final design, there are 8 panels in the end spans and 11 panels in the center
span. The number of intermediate transverse stiffeners per panel remains at two. Since
the number of panels per girder is reduced to 27 from 34, the number of intermediate
transverse stiffeners per girder is reduced by 14 ((34-27) x 2 = 14) or by 56 for the bridge.
The number of cross frames is reduced by 21. The flange sizes are not increased since
the critical web stress usually limits the design.

Figure 2 shows the final framing plan. The node numbering for the three-
dimensional finite element model is also shown in this figure. These node numbers will be

referred to frequently in the following narratives, tables and sample calculations.
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C. Field Sections

The final girder field sections for the transversely stiffened girder design are given
in Appendix A for all the girders. The longest field section, the center field section in Girder
4, is approximately 137 feet in length. Field section profiles for the transversely stiffened

girder design are given in Appendix H.
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V. Final Design

A. Loads

1. Non-Composite Dead Load

The steel weight is applied as body forces to the non-composite structure in the
analysis.

The deck concrete is assumed to be placed and screeded at one time for the
Strength limit state.

2. Constructibility

Staging of the steel erection is considered in addition to the sequential placement
of the deck. The deck is considered to be placed in the following sequence for the
Constructibility limit state. The concrete is first cast from the left abutment to the dead load
inflection point in Span 1. The concrete between dead load inflection points in Span 2 is
cast second. The concrete beyond the dead load inflection point to the abutment in Span
3 is cast third. Finally, the concrete between the points of dead load contraflexure near the
two piers is cast. In the analysis, earlier concrete casts are made composite for each
subsequent cast.

The non-composite section is checked for these moments when they are larger than
the moments computed assuming the entire deck is cast at one time.

The deck load is assumed to be applied through the shear center of the interior
girders in the analysis. However, the weight of the fresh concrete on the overhang
brackets produces significant lateral force on the flanges of the exterior girders. This
eccentric loading further reduces the capacity of these girders.
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3. Superimposed Dead Load

The parapet loads are applied along the edges of the deck in the analysis. The
future wearing surface is applied uniformly over the deck area. These superimposed
dead loads are applied to the fully composite structure in the analysis.

4. Live Load

A series of vertical unit loads are applied, one at a time, in a pattern covering the
deck surface. Live load responses including girder moments, shears, deflections,
reactions, cross frame forces, etc. are determined for each unit load. The magnitude of
each response for a particular unit load is the ordinate of the influence surface for that
response at the point on the deck where the unit load is applied. Curve fitting is used to
create a continuum between these points to develop the influence surface for each
response. A computer program then applies the specified live loads to the surfaces
according to the AASHTO requirements for live load placement.

Sample calculations for centrifugal force, computed for a design speed of 35 miles
per hour, are given at the end of Appendix E. The centrifugal force creates an overtuming
moment on the truck, which causes an increase in the wheel load on the outside of the
curve and a concomitant decrease in the inside wheel load. This overturning effect is
considered when loading the influence surfaces.

B. Analyses
1. Loading Combinations

AASHTO Section 3 is used to determine load combinations for strength according
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to Article 3.1 of the Recommended Specifications. Group | loading is used for design of
most members for the Strength limit state. However, Load Groups Ill, IV, V and VI from
Table 3.22.1A are also checked for temperature and wind loadings in combination with
vertical loading.

The following load combinations and load factors are checked in this design
example. Selected analysis results for these load groups are given in Tables D4 through
D10, Appendix D. These results include the factored axial force in the cross-frame
diagonal members between nodes 99 and 100 and between nodes 97 and 98, and the
factored vertical, tangential and radial bearing reactions at node 98. In some design
instances, other load cases may be critical, but for this example, these other load cases
are assumed not to apply.

From AASHTO Table 3.22.1A:

Group | 1.3[D + 5/3(L + 1) + CF]
Group Il 1.3[D + W]
Group lll 1.3[D+ (L +1) + CF + .3W + WL + LF]

Group IV 13D+(L+D)+CF+T]
Group V 1.25[W + T]
Group VI 1.25[D+(L+1)+CF +.3W + WL + LF + T]

where:

D = Dead load

L = Live load

I = Impact

CF = Centrifugal force

w = Wind

WL = Wind on live load

T = Temperature

LF = Longitudinal force from live load

In addition to the above load Groups, the Recommended Specifications include a
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Group loading for the Constructibility limit state defined in Article 3.3 as follows:

Group C 1.4[D + C + W*]

where:

D = Dead load

W* = Wind load for construction conditions from an assumed critical direction.
Magnitude of wind may be less than that used for final bridge design.

C = Construction loads

2. Three-Dimensional Finite Element Analyses

Article 4.1 requires that the analysis be performed using a rational method that
accounts for the interaction of the entire superstructure. Small-deflection elastic theory is
acceptable.

Analyses for this example are performed using a three-dimensional finite element
program. The section depth is recognized. Girder webs are modeled with shell elements.
Flanges are modeled with beam elements. Curvature is represented by straight elements
with small kinks at node points rather than by curved elements.

The composite deck is represented as a series of eight-node solid elements
attached to the girders by beam elements, which represent the shear studs.

Bearings are represented by dimensionless elements called "foundation elements,"
which attach from a lower girder node to the "earth." For the themmal analyses and certain
other analyses, proper lateral bearing restraints are specified for the foundation elements.

Cross frames are modeled as individual truss elements connected to the nodes at

the top and bottom of the girders.
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3. Comparison of Analyses

For the example bridge, a series of comparative analyses were made between the
results from the three-dimensional finite element analysis; and the results from a two-
dimensional grid analysis and a one-dimensional V-load analysis. These analysis results
are given in Tables C1 through C5, Appendix C.

As can be seen from the comparisons shown in these tables, there exists a close
correlation in the dead load analysis results among all three methods. Fairly close
correlation exists between the finite element analysis and the grid analysis results for live
load. However, the V-load method gives significantly different vertical bending moments
in the live load analysis. The discrepancy between the V-load and finite element results
is up to 70%. Much of this discrepancy is most probably due to the wheel load distribution
factors (AASHTO Article 3.23) used to determine the primary vertical bending moments
in the V-load analysis. This discrepancy in the live load analysis results will likely be
improved if more accurate wheel load distribution factors are used in the V-load analysis.

Although the results are not shown, the use of the wheel load distribution factors contained

in the AASHTO Guide Specifications for Distribution of Loads for Highway Bridges (1994)
appears to improve the correlation in this case.
C. Limit States
1. Strength

Live load responses for HS25 plus impact are generated for the Strength limit state.
One, two and three traffic lanes are considered. Multiple presence reduction factors
specified in AASHTO Article 3.12 are applied. Centrifugal force effects are included. The
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impact factors specified in Article 3.5.6.1 for | girders are used. The deck is considered as
placed at once on the non-composite steel.
2. Constructibility

The erection sequence is investigated to check both deflections and stress
according to Article 13. Sequential deck placement is investigated to check deflections,
Article 13.4, stress, Article 13.2, and concrete crack control, Articles 13.3 and 2.4.3. The
effect of the concrete on the overhang brackets is considered according to Article 13.8.
3. Permanent Deflection

Live load responses for overload (Article 3.5.4) are created for multiple lanes of
HS20 loading plus impact placed in the critical position for each girder. Both the lane
loading and the truck loading are considered. Multiple presence reduction factors and
centrifugal force effects are included. The load factors for overload are 5/3 on live load and
1.0 on dead load as specified in AASHTO Article 10.57. Impact for overload is defined
in Article 3.5.6.1 for | girders. The provisions of Article 9.5 are used to check the overload
stress limits for control of permanent set and the applicable web and flange critical stresses
to ensure stability. Overload stresses caused by loads acting on the composite section are
to be determined using the appropriate uncracked transformed composite section
according to Article 9.5.
4. Fatigue

The range of stress for fatigue is determined by computing the maximum and
minimum stress due to one fatigue truck, defined in Article 3.5.7.1, traversing the length
of the bridge in the critical transverse position on the deck for each response. The load
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factor is 0.75 for the fatigue truck, as specified in Article 3.5.7.1. Impact is 15 percent for
the fatigue truck (Article 3.5.6.3). Centrifugal force effects are included. The transverse
position of the truck may be different for each response and for positive and negative
values of the same response. The fatigue truck is assumed to travel in either direction, or
in opposite directions, to produce the maximum stress range. Marked traffic lanes are not
considered. This assumption provides larger fatigue stresses than would be obtained if
the fatigue truck is held to marked traffic lanes. The fatigue truck is permitted to travel
within two feet of the curb line. Article 4.5.2 specifies that the uncracked composite section
is to be used to compute fatigue stresses.

Article 2.3 specifies that twice the factored fatigue live load defined in Article 3.5.7.1
is to be used to determine if a net tensile stress is created at the point under consideration.
The fatigue live load is placed in a single lane. If a net tensile stress occurs under twice
the factored fatigue load at a point, fatigue must be checked at that point using the stress
range produced by the single factored fatigue truck, whether or not the factored fatigue
truck by itself produces a net tensile stress.

Article 9.6.2 requires that lateral bending stresses also be included when computing
the stress ranges in the flanges. Lateral bending does not contribute to the stress range
at the web-to-flange weld. However, if the connection plates receiving cross frames are
welded to a tension flange, lateral bending contributes to the longitudinal flange stress
range at the end of that weld and should be considered.

Cross frame members are fillet welded to gusset plates, which are bolted to the

connection plates in this example. The base metal adjacent to the fillet welds at the end
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of the cross frame members must be checked for fatigue Category E. The stress range
in these members is computed according to Article 3.5.7.2, which requires that the stress
range be determined as the larger of either 75 percent of the stress range computed by
positioning the factored fatigue truck in two different transverse positions or the stress
range due to a single passage of the factored fatigue truck. The use of two transverse
positions of the truck is synonymous with assuming that the stress range is determined by
the separate passage of two trucks rather than one. The use of two passages of the truck
is moderated by using 75 percent of the stress range to account for the reduced probability
of two trucks being at their critical position at the same time.
5. Live Load Deflection

Article 12.4 requires that live load deflection be checked using the service live load
plus impact. The limiting live load deflection is specified as the fraction of the span defined
in Article 12.4. Different live load positions must be examined for each girder and span
since the deflections of curved girders usually differ greatly at any one cross section.

Table 1 gives the preferred maximum live load deflections for the center span of
each girder according to Article 12.4.

Table 1 Preferred Maximum Live Load Deflections in Center-Span (in.)

[ Girder (th) /800 | 1L/1,000
G1 2050 | 3.8 2.46
G2 208.4 | 313 2.50
G3 2116 | 3.8 254
Y 2150 | 323 258
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Computed maximum girder deflections in the center span due to the service live
load plus impact (HS20 loading) are given in Table 2 and are based on the use of the
uncracked composite section along the entire length of the bridge in the analysis. When
multiple lanes are loaded to produce a deflection value given in Table 2, the multiple
presence reduction factors specified in AASHTO Article 3.12.1 are applied.

If a sidewalk were present, vehicular traffic would be constrained from a portion of
the deck, which would cause the computed live load deflections to be reduced for either
G1 or G4, depending on which side of the bridge the sidewalk was placed. Sidewalk load
is discussed further in Article 3.5.5.

Table 2 Computed Maximum Live Load Deflections in Center-Span (in.)

Girder Lane Truck |
Loading Loading
G1 1.97 1.49
( G2 1.28 0.96
[ &3 2.08 1.50
Y 3.24 2.35
D. Design
1. Section Properties

As speclfied in Article 4.5.2, composite properties are computed under the
assumption that the entire deck area between girders is effective. A constant haunch
height of 4 inches from the top of the web to the bottom of the deck is assumed. However,
the concrete in the haunch is ignored in the computation of the section properties.

Concrete creep under dead load is accounted for by dividing the deck width by three
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times the normal modular ratio. The reinforcing steel is also adjusted for creep of the
concrete by dividing its area by 3 since the concrete is assumed to transfer the force from
the deck steel to the rest of the cross section. In the negative moment regions, an area
of 8 square inches per girder is assumed for the longitudinal reinforcement. The neutral
axis of the reinforcing is assumed to be 4 inches from the bottom of the deck. The cracked
section is assumed for loads applied to the composite section at the strength limit state.
Longitudinal deck reinforcing is considered to be effective for negative moment only.

Table D11, Appendix D, gives selected section properties for G4 for all three web
designs. Locations from the neutral axis to the top (T) and bottom (B) extreme fiber of the
steel section are given, as well as the depth of web in compression, D_,. These values are
used in the selected sample calculations that follow in Appendix E.
2. Flanges

The size of curved | girder flanges is a function of girder depth, girder radius, cross
frame spacing, and minimum specified yield stress of the flange. Article 5.2.2 defines a
non-compact flange width-to-thickness ratio limit such that the tip stress in a partially
braced compression flange may reach the yield stress prior to the onset of local buckling.
The same non-compact width-to-thickness ratio limit, Equation (5-7), is also applied to
partially braced tension flanges in Article 5.3. The vertical bending stress in partially
braced non-compact compression flanges is limited by the smaller of the critical average
flange stress from Equations (5-8) and (5-9).

Article 5.2.1 defines a compact flange width-to-thickness ratio limit such that a

partially braced compression flange may undergo yielding prior to the onset of local
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buckling. The vertical bending stress in partially braced compact compression flanges and
tension flanges is limited by the smaller of the critical average flange stress from Equations
(5-4) and (5-6).

The Recommended Specifications do not require that a check of the flange strength
be made at locations where the plate widths change between brace points. The smaller
flange plate must be used to compute the strength of a partially braced flange between
brace points when the flange size changes within a panel. The largest vertical bending
stress at either brace point should be used in conjunction with the lateral flange bending
stress at the more critical brace point and the smallest flange size within the panel to
compute the critical flange stress (Article 5.1).

For the constructibility limit state, Article 13.2 requires that non-composite top
flanges in compression be designed as non-compact flanges prior to hardening of the
concrete to ensure that no yielding occurs, which tends to lead to the use of wider flanges.
Lateral bending in top flanges is not considered after the deck has hardened for any limit
state.

Tables 3 and 4 show top and bottom lateral flange bending moments computed by
the 3D finite element method and by the approximate Equation (4-1) near the point of
maximum positive moment in Span 1 (Node 40) and at the pier (Node 100) for G4. Lateral
moments computed by Equation (4-1) are generally larger than the comparable values
from the 3D analysis in this case.

3. Webs

According to the Recommended Specifications, webs are investigated for elastic
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bend-buckling at all limit states without consideration of post-buckling shear or bending
strength. Bend-buckling must be considered for both the non-composite and composite
cases since the effective slenderness changes when the neutral axis shifts.

Table 3 Comparison of Lateral Flange Moments from 3D Analysis and Equation (4-1)

Lat. Mom. (k-ft) Lat. Mom. (k-ft) }
Loading Top Flange Bottom Flange
3D Eq. (4-1) 3D Eq. (4-1) |
Steel -4 -6 4 6
Deck -16 -23 16 23
Supim DL -- -- 6 10
Total DL -20 -29 26 39
Single truck -- -- 7
Multiple truck -- -- 13
" Multiple lane - - 14 33
[ Total -20 -29 40 72|

Node 40 Near mid-span 1 Girder 4

Table 4 Compatrison of Lateral Flange Moments from 3D Analysis and Equation (4-1)

Lat. Mom. (k-ft) Lat. Mom. (k-ft)
Loading Top Flange Bottom Flange
3D Eq. (4-1) 3D Eq. (4-1)
Steel 8 16 -7 -16
[ Deck 35 60 -30 -60
[ SupimDL - - 7 -25
Total DL 43 76 -44 -101
Single truck -- -- -5
Multiple truck - .- -9
[ Multiple lane - - 18 51
| Total 43 76 -62 152

Node 100 Interior support Girder 4
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Transversely stiffened webs without longitudinal stiffeners may have a slenderness,

DA, up to 150. This requirement differs from the Guide Spec Load Factor Design

w
requirement, which permits a slenderness, 2D/, equal to 36,500/\/F_y times a reduction
factor that is a function of the girder radius and the transverse stiffener spacing.

In this example, the maximum allowable spacing of transverse stiffeners equals the
web depth of 7 feet (Article 6.3). By limiting the maximum cross frame spacing to
approximately 20 feet, only two intermediate transverse stiffeners per panel are required.

Although the final field section profiles given in Appendix H are for the transversely
stiffened web design only, selected calculations are given in Appendix E for the unstiffened
web design and for the longitudinally and transversely stiffened web design to show
application of the Recommended Specifications to these web types.

4. Shear Connectors

The required pitch of the shear connectors is determined for fatigue and checked
for strength. Three 7/8" x 6" shear studs per row are assumed in the design. The
Recommended Specifications use the fatigue strength from AASHTO LRFD Article
6.10.7.4.2 for the design of the shear connectors. The First Edition of AASHTO LRFD
incorrectly gave the fatigue limit of a shear stud as 5.5d? pounds per stud. The correct
value is (5.5/2)d?. This value was corrected in the 1996 Interims to AASHTO LRFD. The
corrected value is also used in the Recommended Specifications and in this example.

The design longitudinal shear range in each stud is computed for a single passage
of the factored fatigue truck. The analysis is made assuming that the heavy wheel of the

truck is applied to both the positive and negative shear sides of the influence surfaces.
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This computation tacitly assumes that the truck direction is reversed. In addition to vertical
bending shear, Article 7.2.2 requires that the radial shear due to curvature or radial shear
due to causes other than curvature (whichever is larger) be added vectorially to the
bending shear for the fatigue check. The deck in the regions between points of dead load
contraflexure is considered fully effective in computing the first moment for determining the
required pitch for fatigue. This assumption requires tighter shear connector spacing in
these regions than if only the longitudinal reinforcing is assumed effective, as is often done.
There are several reasons the concrete is assumed effective. First, known field
measurements indicate that it is effective at service loads. Second, the horizontal shear
force in the deck is considered effective in the analysis and the deck must be sufficiently
connected to the steel girders to be consistent with this assumption. Third, maximum
shear range occurs when the truck is placed on each side of the point under consideration.
Most often this produces positive bending so that the deck is in compression, even when
the location is between the point of dead load contraflexure and the pier. The point of
dead load contraflexure is obviously a poor indicator of positive or negative bending when
moving loads are considered.

The strength check for shear connectors requires that a radial shear force due to
curvature be considered. The deck strength in the negative-moment region is given as
0.45fc’ in Article 7.2.1. This value is a conservative approximation to account for the
combined contribution of both the longitudinal reinforcing steel and the concrete that
remains effective in tension based on its modulus of rupture.

For both fatigue and strength checks, the effective width of deck is considered to
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be either the overhang plus half the distance to the adjacent girder for exterior girders, or
the girder spacing for interior girders.
5. Bearing Orientation

Although it is well known that the vertical stiffness of supports affects the analysis
of indeterminate beams, the importance of lateral restraint of bearings is less well known.
The orientation and lateral restraint of bearings affects the behavior of most girder bridges
for most load conditions. Although this is true for most all bridges, it is particularly true for
curved and skewed girder bridges.

In this example, the bearings at the piers are assumed fixed against translation in
both the radial and tangential directions. The bearings at the abutments are assumed fixed
against radial movement but free in the tangential direction. The pier stiffness in the
tangential directions is considered and is simulated in the analysis by using a spring with
a spring constant smaller than infinity. In the radial directions, the piers and abutments are
assumed perfectly rigid. However, for the wind and temperature analyses, only Girder G2
is restrained in the radial direction. This is done in the temperature analysis to ensure that
expansion between bearings at each pier and abutment does not create very large radial
forces, which would not exist in reality because of "slop" in the bearings. The same
assumption is made for the wind analyses. This is a very conservative assumption and it
permits a very conservative design of the cross frame with regard to wind. The actual
bearings may be designed by dividing the wind force between 2, 3 or 4 bearings.

The lateral restraints resist the elastic lengthening of the girders due to bending.

The result is large lateral bearing forces, which in turn cause an arching effect on the
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girders that reduces the apparent bending moments due to gravity loads. If the reduced
moments were used in the girder design, the bearings would have to function as assumed
for the life of the bridge to prevent possible overstress in the girders. To avoid this
situation, the lateral bearing restraints are assumed free for the gravity load analyses used
to design the girders. However, the proper bearing restraints are assumed in the analyses
to determine cross frame forces and lateral bearing forces for the design of these
elements.
6. Details

In this example, intermediate transverse web stiffeners are assumed to be fillet
welded to one side of the web and to the compression flange. Article 6.5 states that when
single transverse stiffeners are used, they are preferably to be attached to both flanges.
In this example, the intermediate stiffeners are assumed to also be fillet welded to the
tension flange. The termination of the stiffener-to-web weld adjacent to the tension flange
is stopped a disténce of 4 times the web thickness from the flange-to-web weld. The base
metal adjacent to the stiffener weld to the tension flange is checked for fatigue Category
C' (refer to AASHTO LRFD Table 6.6.1.2.3-1). Where the stiffener is fillet welded to the
compression flange and the flange undergoes a net tension, the flange must also be
checked for the Category C'. When the girder is curved, the lateral flange bending creates
an additional stress at the tip of the stiffener-to-flange weld away from the web. Thus, the
total stress range is computed from the sum of the lateral and vertical bending stress
ranges.

Transverse web stiffeners used as connection plates at cross frames are fillet
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welded to the top and bottom flange. When flanges are subjected to a net tensile stress,
fatigue must be checked at these points for Category C'.

Base metal at the stud shear connector welds to the top flange must be checked for
fatigue Category C whenever the flange is subjected to a net tensile stress.

Cross frame angles are fillet welded to gusset plates. Therefore, the cross frame
members must be checked for Category E fatigue. The welds are balanced on the two
sides of the angles to eliminate eccentricity in one plane.

7. Erection

Erection is one of the most significant issues pertaining to curved girder bridges.
Curved | girder bridges often require more temporary supports than a straight | girder
bridge of the same span in order to provide stability and deflection control.

Erection of girders in this case is assumed to be performed by assembling and lifting
pairs of girders with the cross frames between the girders bolted into place.

The first lift is composed of two pairs of girders, G1 and G2 and G3 and G4, in
Span 1. The positive moment sections of each pair are spliced to the corresponding pier
sections before lifting. Each pair of girders is fit up with cross frames prior to erection and
the bolts are tightened. These assemblies are assumed to be accomplished while the
girders are fully supported so that strain due to self-weight is negligible in order to simulate
the no-load condition in the shop. Each girder pair is then erected. Cross frames between
the two girders, G2 and G3, are then erected and their bolts are tightened. This procedure
is repeated in Span 3. The sections in Span 2 are similarly fit up in pairs and erected.
Finally, the bolts in the splices in Span 2 are installed and tightened and the cross frames
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between the two girders, G2 and G3, in Span 2 are installed. The need for temporary
supports in the end spans is investigated in Appendix G.
8. Wind
a. Loading

Article 3.4 requires that wind intensities be taken from AASHTO Article 3.15.
However, Article 3.4 requires that wind application be unidirectional rather than
perpendicular to the bridge as specified in AASHTO Article 3.15, which assumes a bridge
with girders parallel to a single plane. The wind force on a curved bridge, therefore, equals
the wind intensity times the projected area of the bridge. Thus, the total force on the
curved bridge is less than that computed if the wind is assumed to be applied along the arc
length. According to the Recommended Specifications, the wind force must also be
applied in various directions to determine the maximum force in the various elements of
the structure.  In the design example, the wind load is applied with respect to global
axes. This requires that the force be separated into X and Y components, which are
applied at nodes. Since there are nodes at the top and bottom of the girder, it is possible
to divide the wind force between the top and bottom flange. The tributary area for the top
of the windward girder equals half of the girder depth plus the height of the exposed deck
and parapet concrete times the average spacing to each adjacent node. The tributary area
for the bottom of the girder is simply half of the girder depth times the average spacing to
each adjacent node.

Since the bridge is superelevated, the girders on the inside of the curve extend
below the outside girder G4. Each girder extends downward approximately 6 inches. This
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exposed area is also recognized in the loading if the wind is applied from the G4 side of
the bridge. If wind is applied from the G1 side of the bridge, an additional upward
projection due to superelevation is manifest in the parapet on the opposite side near G4
and is recognized in computing the wind loading.

When the girders are being erected, wind load may be applied across the ends of
the girders, which are temporarily exposed.
b. Analysis

The completed bridge has an exposed height of approximately 10.5 feet. The
design wind intensity of 50 psf results in a total wind force of 550 pounds per foot applied
to the projected length of bridge. Load Group lll includes wind on the live load in
conjunction with wind on the structure. The wind on the live load is specified as 100
pounds per linear foot. For this load group, the wind on the structure is factored by 0.3
(0.3 x 550 = 165 pounds per linear foot). Thus, the net wind load is 265 pounds per foot.

If the wind load is applied such that all girders are exposed, such as across the end
of the first phase of the erection process, wind load is applied to each girder. Since this
bridge is superelevated 5 percent, the exposed height of bridge must be considered. If
wind is coming from the outside of the curve, additional wind load must be applied to the
bottom of the girders away from the windward side. If the wind is applied from the inside
of the curve, additional wind load is applied to the opposite parapet. The girder spacing
of 11 feet causes the elevation of adjacent girders to differ by 0.65 feet. Additional wind
load is applied to the bottoms (0.65 feet x 100 = 65 pounds per linear foot of projected

length) of each interior girder when the wind is applied from the Girder 4 side (outside of
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the curve). Girder 4 is the highest girder. The width of the bridge is approximately 40 feet,
so the parapet on the outside of the curve is approximately 2 feet higher than on the inside
of the curve. Thus, the parapet receives additional wind load on its projected area when
the wind is applied from the inside of the curve.

A three-dimensional finite element analysis was made assuming that the wind load
was applied from the Girder 4 side at 248 degrees clockwise from north. The first
abutment is oriented north and south. This angle is orthogonal to a chord drawn between
the abutments. The wind was applied to the outside of the curve at an angle which caused
the largest possible total wind force. The majority of the wind force was applied to Girder
4, Another analysis applied the wind in the opposite direction (248 -180 = 68 degrees).
Superelevation exposes the upper portion of the bridge so an additional wind force (2 feet
times 50 pounds per square foot = 100 pounds per linear foot) was applied to the parapet
on the outside of the curve in the analysis. Results from this analysis produced the largest
cross bracing forces for the assumed bearing arrangement.

c. Construction

In addition to the AASHTO load groups, Article 2.5 of the Recommended
Specifications requires that each critical phase of construction be examined. A load factor
of 1.4 is used for this limit state.

Two stages of steel erection were considered. Since the deck is not in-place, the
girders are capable of taking almost no lateral load without top flange bracing. Therefore,
bracing was added between the top flanges to resist wind during erection. The top flanges

act as chords to a horizontal truss formed by the two girders.
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The wind analysis for the construction condition was made assuming the wind to be
acting perpendicular to the bridge at the first abutment. An additional wind load of 50 psf
X 0.65 ft was applied to the top flange of Girder G2 to account for the superelevation. An
additional wind load was also applied to the top and bottom flanges at the end of Girder
G2 to account for the projection of Girder G2 three feet beyond Girder G1 in the X
direction. The results from this analysis are discussed further in Appendix G.

9. Deck Staging

The deck is assumed to be placed in four casts. The first cast is in Span 1
commencing at the abutment and ending at the point of dead load contraflexure. The
second cast is in Span 2 between points of dead load contraflexure. The third cast is in
Span 3 from the point of dead load contraflexure to the abutment. The fourth cast is over
both piers.

The unfactored moments from the deck staging analysis for the transversely
stiffened girder design are presented in Table D1, Appendix D. "Steel" identifies moments
due to the steel weight based on the assumption that it was placed at one time; "Deck"
identifies moments due to the deck weight assumed to be placed on the bridge at one time.
Included in the “Deck” moments are the moments due to the deck haunch and the stay-in-
place forms; “Cast” identifies the moments due to a particular deck cast; “"Suplmp"
identifies the moments due to the superimposed dead load placed on the fully composite
bridge. Reactions are accumulated sequentially in the analysis so that uplift can be
checked at each stage. Accumulated deflections by stage are also computed. In each

analysis of the deck placement, prior casts are assumed to be composite. The modular
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ratio for the deck is assumed to be 3n to account for creep. A somewhat smaller modular
ratio may be desirable for the staging analyses since full creep usually takes approximately
three years to occur. A modular ratio of n is used to check some of the deck stresses, as
specified in Article 13.3.
E. Sample Calculations

Sample calculations at selected critical sections of the exterior girder, G4, are
presented in Appendix E. Calculations are illustrated for all three web designs. The
calculations are intended to illustrate the application of some of the more significant
provisions contained in the Recommended Specifications. As such, complete calculations
are not shown at all sections for each design. The sample calculations illustrate
calculations to be made at the Strength, Fatigue, Constructibility and Serviceability limit
states. The calculations also illustrate stiffener designs, a bolted field splice design, a
cross-frame diagonal design and centrifugal force calculations. The calculations make use
of the moments and shears contained in Tables D1 through D3 of Appendix D and the
section properties contained in Table D11. The same moments and shears are used for
all three designs in the sample calculations for simplicity and since the cross-sectional

stiffnesses do not vary significantly in the three designs.
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APPENDIX A

Girder Field Sections
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October 4, 1995 10:56 AM
Bridge Type --> I - Girder Date Created -> 09/04/95
Project =—===- > I Girder Example Initials ----- > DHH

Project ID ---> DESIGN IG2
Description --> 3-gspan 4-girder 700-foot radius

Number of girdexrs ---> 4

Number of spans -==> 3

Project units --=-> English
BRIDGE-SYSTEMsm 3D Version -> 2.1

Copyright (C) 1985, 1986, 1987, 1988, 1989, 1990
Bridge Software Development International, Ltd.
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Glirder --> 1

Rght = -———- Top Flange-~---
Mem. Node Length Width Thick.
1 5 6.51 15.00 1.0000
2 9 6.51 15.00 1.0000
3 13 6.51 15.00 1.0000
4 17 6.51 15.00 1.0000
5 21 6.51 15.00 1.0000
6 25 6.51 15.00 1.0000
7 29 6.51 15.00 1.0000
8 33 6.51 15.00 1.0000
9 37 6.51 15.00 1.0000
10 41 6.51 15.00 1.0000
11 45 6.51 15.00 1.0000
12 49 6.51 15.00 1.0000
13 53 6.51 15.00 1.0000
14 57 6.51 15.00 1.0000
15 61 6.51 15.00 1.0000
16 65 6.51 15.00 1.0000
17 69 6.51 15.00 1.0000
18 73 6.51 15.00 1.0000

Top Flange

Section
Weight -->

Girder --> 1

Rght
Mem. Node Length
19 77 6.51
20 81 6.51
21 85 6.51
22 89 6.50
23 93 6.50
24 97 6.45
Sup ---> 156.23
25 101 6.21
26 105 6.21
27 109 6.21
28 113 6.21
29 117 6.21
30 121 6.21

Section
Weight -->

Field Section --> 1

5984.

Field Section --> 2

Bot Flange

Fy
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.

6383.

Printed on May 10, 1999

--=-Bottom Flange--

width Thick.
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
16.00 1.0000
Web
18848.

Fy
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.

TOTAL

31215.

---Bottom Flange--

width Thick.

————— Top Flange----
width Thick. Fy
21.00 1.2500 50. 21.00
21.00 1.2500 50. 21.00
21.00 1.2500 50. 21.00
21.00 2.5000 50. 21.00
21.00 2.5000 50. 21.00
21.00 2.5000 50. 21.00
21.00 2.5000 50. 21.00
21.00 2.5000 50. 21.00
21.00 2.5000 50. 21.00
21.00 1.2500 50. 21.00
21.00 1.2500 50. 21.00
21.00 1.2500 50. 21.00
Top Flange Bot Flange Web
10214. 12257. 1362
38
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1.5000
1.5000
1.5000
3.0000
3.0000
3.0000

3.0000
3.0000
3.0000
1.5000
1.5000
1.5000

3.

Fy
50.
50.
50.
50.
50.
50.

50.
50.
50.
50.
50.
50.

TOTAL

36094.

Depth
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00

Depth
84.00
84.00
84.00
84.00
84.00
84.00

84.00
84.00
84.00
84.00
84.00
84.00

Web ~====-
Thick. Fy
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.

Length
Ft.-> 117.23

Web -=-====
Thick. Fy
.6250 50.
.6250 50.
.6250 50.
.6250 50.
.6250 50.
.6250 50.
.6250 50.
.6250 50.
.6250 50.
.6250 50.
.6250 50.
.6250 50.

Length

Ft.-> 76.26
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Girder --> 1 Field Section --> 3

Rght = =-=-=--- Top Flange---- ---Bottom Flange-- ~—== Web ------
Mem. Node Length WwWidth Thick. Fy width Thick. Fy Depth Thick. Fy

31 125 18.64 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
32 129 18.64 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
33 133 6.21 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
34 137 6.21 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
35 141 6.21 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
36 145 6.21 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
37 149 6.21 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
38 153 6.21 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
39 157 18.64 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
40 161 18.64 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
41 165 18.64 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.

Top Flange Bot Flange Web TOTAL Length
Section
Weight --> 6659. 7991. 20976. 35625. Ft.-> 130.46
Girder --> 1 Field Section --> 4
Rght = -=---- Top Flange---- ---Bottom Flange-- -—=—= Web --=---

Mem. Node Length wWidth Thick. Fy width Thick. Fy Depth Thick. Fy

42 169 18.64 21.00 1.2500 50. 21.00 1.5000 50. 84.00 .6250 50.
43 173 9.34 21.00 2.5000 50. 21.00 3.0000 50. 84.00 .6250 50.
44 177 9.34 21.00 2.5000 50. 21.00 3.0000 50. 84.00 .6250 50.
Sup ---> 205.05

45 181 9.76 21.00 2.5000 50. 21.00 3.0000 50. 84.00 .6250 50.
46 185 9.76 21.00 2.5000 50. 21.00 3.0000 50. 84.00 .6250 50.
47 189 9.76 21.00 1.2500 50. 21.00 1.5000 50. 84.00 .6250 50.
48 193 9.76 21.00 1.2500 50. 21.00 1.5000 50. 84.00 .6250 50.

Top Flange Bot Flange Web TOTAL Length

Section
Weight --> 10237. 12284. 13646. 36167. Ft.-> 76.39
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Girder --> 1 Field Section --> 5
Rght = —-==-- Top Flange---- ---Bottom Flange--
Mem. Node Length WwWidth Thick. Fy width Thick. Fy
49 197 9.76 15.00 1.0000 50. 16.00 1.0000 50.
50 201 9.76 15.00 1.0000 50. 16.00 1.0000 50.
51 205 9.76 15.00 1.0000 50. 16.00 1.0000 50.
52 209 9.76 15.00 1.0000 50. 16.00 1.0000 50.
53 213 9.76 15.00 1.0000 50. 16.00 1.0000 50.
54 217 9.76 15.00 1.0000 50. 16.00 1.0000 50.
55 221 9.76 15.00 1.0000 50. 16.00 1.0000 50.
56 225 9.76 15.00 1.0000 50. 16.00 1.0000 50.
57 229 9.76 15.00 1.0000 50. 16.00 1.0000 50.
58 233 9.76 15.00 1.0000 50. 16.00 1.0000 50.
59 237 9.76 15.00 1.0000 50. 16.00 1.0000 50.
60 241 9.76 15.00 1.0000 50. 16.00 1.0000 50.
Sup ---> 156.23
Top Flange Bot Flange Web TOTAL
Section
Weight --> 5981. 6379. 18839. 31199.
Girder
Weight --> 39074. 45293. 85932, 170300.

Girder -->

Rght
Mem. Node
61 6
62 10
63 14
64 18
65 22
66 26
67 30
68 34
69 38
70 42
71 46
72 50
73 54
74 58
75 62
76 66
77 70
78 74
Section
Weight --

2

6.62
6.62
6.62
6.62
6.62
6.62
6.62
6.62
6.62
6.62
6.62
6.62
6.62
6.62
6.62
6.62
6.62
6.62

>

Field Section --> 1

---Bottom Flange--

width Thick.

----- Top Flange----
Length WwWidth Thick. Fy
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
15.00 1.0000 50. 16.00
Top Flange Bot Flange Web
6080. 6485. 1915
40
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1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

2.

Fy
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.

TOTAL

31717.

=== Web =~==w=--
Depth Thick. Fy
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
Length
Ft.-> 117.17
Ft.-> 517.51
—===- Web =-====-
Depth Thick. Fy
84.00 .5625 50.
84.00 .5625 §50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
Length

Ft.-> 119.12
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Girder --> 2 Field Section --> 2

Rght = -===- Top Flange---- ---Bottom Flange-- === Web ======
Mem. Node Length Width Thick. Fy width Thick. Fy Depth Thick. Fy
79 78 6.62 18.00 1.2500 50. 19.00 1.5000 50. 84.00 .6250 50.
80 82 6.62 18.00 1.2500 50. 19.00 1.5000 50. 84.00 .6250 50.
81 86 6.62 18.00 1.2500 50. 19.00 1.5000 50. 84.00 .6250 50.
82 90 6.61 18.00 2.5000 50. 19.00 3.0000 50. 84.00 .6250 50.
83 94 6.61 18.00 2.5000 50. 19.00 3.0000 50. 84.00 .6250 50.
84 98 6.56 18.00 2.5000 50. 19.00 3.0000 50. 84.00 .6250 50.
Sup ~--> 158.74
85 102 6.31 18.00 2.5000 50. 19.00 3.0000 50. 84.00 .6250 50.
86 106 6.31 18.00 2.5000 50. 19.00 3.0000 50. 84.00 .6250 50.
87 110 6.31 18.00 2.5000 50. 19.00 3.0000 50. 84.00 .6250 50.
88 114 6.31 18.00 1.2500 50. 19.00 1.5000 50. 84.00 .6250 50.
89 118 6.31 18.00 1.2500 50. 19.00 1.5000 50. 84.00 .6250 50.
90 122 6.31 18.00 1.2500 50. 19.00 1.5000 50. 84.00 .6250 50.

Top Flange Bot Flange Web TOTAL Length
Section
Weight --> 8896. 11268. 13843. 34006. Ft.-> 77.49
Girder --> 2 Field Section ~--> 3
Rght = = =—-==-- Top Flange---- ---Bottom Flange-- === Web -====-

Mem. Node Length Wwidth Thick. Fy width Thick. Fy Depth Thick. Fy

91 126 18.%4 15.00 1.0000 50. 17.00 1.0000 50. 84.00 .5625 50.
92 130 18.9%4 15.00 1.0000 50. 17.00 1.0000 50. 84.00 .5625 50.
93 134 6.31 15.00 1.0000 50. 17.00 1.0000 50. 84.00 .5625 50.
94 138 6.31 15.00 1.0000 50. 17.00 1.0000 50. 84.00 .5625 50.
95 142 6.31 15.00 1.0000 50. 17.00 1.0000 50. 84.00 .5625 50.
96 146 6.31 15.00 1.0000 50. 17.00 1.0000 50. 84.00 .5625 50.
97 150 6.31 15.00 1.0000 50. 17.00 1.0000 50. 84.00 .5625 50.
98 154 6.31 15.00 1.0000 50. 17.00 1.0000 50. 84.00 .5625 50.
99 158 18.94 15.00 1.0000 50. 17.00 1.0000 50. 84.00 .5625 50.
100 162 18.94 15.00 1.0000 50. 17.00 1.0000 50. 84.00 .5625 50.
lo01 166 18.94 15.00 1.0000 50. 17.00 1.0000 50. 84.00 .5625 50.

Top Flange Bot Flange Web TOTAL Length

Section
Weight --> 6766. 7668. 21313. 35748. Ft.-> 132.56
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Girder --> 2 Field Section --> 4

Rght = ~ = ===== Top Flange---- ---Bottom Flange-- === Web --=---
Mem. Node Length WwWidth Thick. Fy width Thick. Fy Depth Thick. Fy

102 170 18.94 18.00 1.2500 50. 19.00 1.5000 50. 84.00 .6250 50.
103 174 9.49 18.00 2.5000 50. 19.00 3.0000 50. 84.00 .6250 50.
104 178 9.49 18.00 2.5000 50. 19.00 3.0000 50. 84.00 .6250 50.
Sup ---> 208.35

105 182 9.92 18.00 2.5000 50. 19.00 3.0000 50. 84.00 .6250 50.
106 186 9.92 18.00 2.5000 50. 18.00 3.0000 50. 84.00 .6250 50.
107 190 9.92 18.00 1.2500 50. 19.00 1.5000 50. 84.00 .6250 50.
108 194 9.92 18.00 1.2500 50. 19.00 1.5000 50. 84.00 .6250 50.

Top Flange Bot Flange Web TOTAL Length
Section
Weight --> 8916. 11293, 13866. 34074. Ft.-> 77.62
Girder --> 2 Field Section --> 5
Rght = = = =—-==-- Top Flange-~-- ---Bottom Flange-- -=== Web -=-==--

Mem. Node Length Width Thick. Fy Width Thick. Fy Depth Thick. Fy

109 198 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
110 202 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
111 206 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
112 210 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
113 214 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
114 218 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
115 222 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
116 226 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
117 230 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
118 234 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
119 238 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
120 242 9.92 15.00 1.0000 50. 16.00 1.0000 50. 84.00 .5625 50.
Sup ---> 158.74

Top Flange Bot Flange Web TOTAL Length
Section
Weight --> 6077. 6482, 19142. 31701. Ft.-> 119.06
Girder
Weight --> 36734. 43197. 87315. 167246. Ft.-> 525.84
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Girder -->

3

Length

6.72
6.72
6.72
6.72
6.72
6.72
6.72
6.72
6.72
6.72
6.72
6.72
6.72
6.72
6.72
6.72
6.72
6.72

>
3

6.72
6.72
6.72
6.71
6.71
6.66
61.26
6.41
6.41
6.41
6.41
6.41
6.41

Rght
Mem. Node
121 7
122 11
123 15
124 19
125 23
126 27
127 31
128 35
129 39
130 43
131 47
132 51
133 55
134 59
135 63
136 67
137 71
138 75
Section
Weight --
Girder -->
Rght
Mem. Node Length
139 79
140 83
141 87
142 91
143 95
144 99
Sap ---> 1
145 103
146 107
147 111
148 115
149 119
150 123
Section
Weight --

>

Field Section --> 1

Printed on May 10, 1999

---Bottom Flange--

Width Thick.

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

5.

Fy

50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.

TOTAL

33454.

---Bottom Flange--

width Thick.

----- Top Flange----
Width Thick. Fy
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
16.00 1.0000 50. 18.00
Top Flange Bot Flange Web
6588. 7411. 1945
Field Section --> 2
————— Top Flange----
width Thick. Fy
20.00 1.2500 50. 21.00
20.00 1.2500 50. 21.00
20.00 1.2500 50. 21.00
20.00 2.5000 50. 21.00
20.00 2.5000 50. 21.00
20.00 2.5000 50. 21.00
20.00 2.5000 50. 21.00
20.00 2.5000 50. 21.00
20.00 2.5000 50. 21.00
20.00 1.2500 50. 21.00
20.00 1.2500 50. 21.00
20.00 1.2500 50. 21.00
Top Flange Bot Flange Web
10041. 12651. 1406
43
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1.5000
1.5000
1.5000
3.0000
3.0000
3.0000

3.0000
3.0000
3.0000
1.5000
1.5000
1.5000

2.

Fy

50.
50.
50.
50.
50.
50.

50.
50.
50.
50.
50.
50.

TOTAL

36754.

=== Web ------
Depth Thick. Fy
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.

Length

Ft.-> 121.00
=== Web -===--
Depth Thick. Fy
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.

Length

Ft.-> 78.71
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Girder --> 3 Field Section --> 3

Rght = -=---- Top Flange---- ~--Bottom Flange-- ==== Web -====-
Mem. Node Length WwWidth Thick. Fy width Thick. Fy Depth Thick. Fy

151 127 19.24 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
152 131 19.24 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
153 135 6.41 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
154 139 6.41 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
155 143 6.41 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
156 147 6.41 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
157 151 6.41 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
158 155 6.41 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
159 159 19.24 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
160 163 19.24 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.
161 167 19.24 15.00 1.0000 50. 18.00 1.0000 50. 84.00 .5625 50.

Top Flange Bot Flange Web TOTAL Length
Section
Welght --> 6873. 8248. 21651. 36772. Ft.-> 134.66
Girder --> 3 Field Section --> 4
Rght = =  ===== Top Flange---- -=--Bottom Flange-- -~~-- Web --=----

Mem. Node Length Width Thick. Fy width Thick. Fy Depth Thick. Fy

162 171 19.24 20.00 1.2500 50. 21.00 1.5000 50. 84.00 .6250 50.
163 175 9.65 20.00 2.5000 50. 21.00 3.0000 50. 84.00 .6250 50.
164 179 9.65 20.00 2.5000 50. 21.00 3.0000 50. 84.00 .6250 50.
Sup ---> 211.65

165 183 10.08 20.00 2.5000 50. 21.00 23.0000 50. 84.00 .6250 50.
166 187 10.08 20.00 2.5000 50. 21.00 23.0000 50. 84.00 .6250 50.
167 191 10.08 20.00 1.2500 50. 21.00 1.5000 50. 84.00 .6250 50.
168 195 10.08 20.00 1.2500 50. 21.00 1.5000 50. 84.00 .6250 50.

Top Flange Bot Flange Web TOTAL Length

Section
Weight --> 10063. 12679. 14085. 36828. Ft.-> 178.84
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Girder --> 3

Rght
Mem. Node
169 199
170 203
171 207
172 211
173 215
174 219
175 223
176 227
177 231
178 235
179 239
180 243

Sup ---> 161.26

Section
Weight --

Girder
Weight --

Girder -->

Rght

Mem. Node
181 8
182 12
183 16
184 20
185 24
186 28
187 32
188 36
189 40
190 44
191 48
192 52
193 56
194 60
195 64
196 68
197 72
198 76
Section

Weight --

Field Section --> 5

Printed on May 10, 1999

----- Top Flange---- ---Bottom Flange--
Length width Thick. Fy width Thick. Fy
10.08 16.00 1.0000 50. 18.00 1.0000 50.
10.08 16.00 1.0000 50. 18.00 1.0000 50.
10.08 16.00 1.0000 50. 18.00 1.0000 50.
10.08 16.00 1.0000 50. 18.00 1.0000 50.
10.08 16.00 1.0000 50. 18.00 1.0000 50.
10.08 16.00 1.0000 50. 18.00 1.0000 50.
10.08 16.00 1.0000 50. 18.00 1.0000 50.
10.08 16.00 1.0000 50. 18.00 1.0000 50.
10.08 16.00 1.0000 50. 18.00 1.0000 50.
10.08 16.00 1.0000 50. 18.00 1.0000 50.
10.08 16.00 1.0000 50. 18.00 1.0000 50.
10.08 16.00 1.0000 50. 18.00 1.0000 5SO.
Top Flange Bot Flange Web TOTAL
> 6585. 7408. 19445. 33438.
> 40150. 48398. 88698. 177246.
4 Field Section --> 1
----- Top Flange---- ---Bottom Flange--
Length WwWidth Thick. Fy width Thick. Fy
6.83 20.00 1.0000 50. 21.00 1.0000 50.
6.83 20.00 1.0000 50. 21.00 1.0000 50.
6.83 20.00 1.0000 50. 21.00 1.0000 50.
6.83 20.00 1.0000 50. 21.00 1.0000 50.
6.83 20.00 1.0000 50. 21.00 1.0000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
6.83 20.00 1.0000 50. 21.00 1.5000 50.
Top Flange Bot Flange Web TOTAL
> 8363. 11953. 19758. 40074.
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Depth

84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00

Depth
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00

Web —===--
Thick. Fy
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.

Length
Ft.-> 120.94
Ft.-> 534.16

Web ======
Thick. Fy
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50,
.5625 50,
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50.
.5625 50,

Length

Ft.-> 122.89
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Girder --> 4

Field Section --> 2

Printed on May 10, 1999

Fy
50.
50.
50.
50.
50.
50.

50.
50.
50.
50.
50.
50.

TOTAL

Rght = ====- Top Flange---- ---Bottom Flange--
Mem. Node Length WwWidth Thick. Fy width Thick.
199 80 6.83 28.00 1.2500 50. 27.00 1.5000
200 84 6.83 28.00 1.2500 50. 27.00 1.5000
201 88 6.83 28.00 1.2500 50. 27.00 1.5000
202 92 6.82 28.00 2.5000 50. 27.00 3.0000
203 96 6.82 28,00 2.5000 50. 27.00 3.0000
204 100 6.77 28.00 2.5000 50. 27.00 3.0000
Sup ---> 163.77
205 104 6.51 28.00 2.5000 50. 27.00 3.0000
206 108 6.51 28.00 2.5000 50. 27.00 3.0000
207 112 6.51 28.00 2.5000 50. 27.00 3.0000
208 116 6.51 28.00 1.2500 50. 27.00 1.5000
209 120 6.51 28.00 1.2500 50. 27.00 1.5000
210 124 6.51 28.00 1.2500 50. 27.00 1.5000
Top Flange Bot Flange Web
Section
Weight --> 14276. 16520. 14281.

Girder --> 4

Field Section --> 3

45077.

Rght = =  =—===- Top Flange---- ---Bottom Flange--
Mem. Node Length wWidth Thick. Fy width Thick. Fy
211 128 19.54 17.00 1.0000 50. 21.00 1.5000 50.
212 132 19.54 17.00 1.0000 50. 21.00 1.5000 50.
213 136 6.51 17.00 1.0000 50. 21.00 1.5000 50.
214 140 6.51 17.00 1.0000 50. 21.00 1.5000 50.
215 144 6.51 17.00 1.0000 50. 21.00 1.5000 50.
216 148 6.51 17.00 1.0000 50. 21.00 1.5000 50.
217 152 6.51 17.00 1.0000 50. 21.00 1.5000 50.
218 156 6.51 17.00 1.0000 50. 21.00 1.5000 50.
219 160 19.54 17.00 1.0000 50. 21.00 1.5000 50.
220 164 19.54 17.00 1.0000 50. 21.00 1.5000 50.
221 168 19.54 17.00 1.0000 50. 21.00 1.5000 50.

Top Flange Bot Flange Web TOTAL

Section
Weight --> 7911. 14659. 21988. 44558.
46

Aubum University / HALL

=== Web -===--
Depth Thick. Fy
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.
84.00 .6250 50.

Length

Ft.-> 79.94
o Web —-——=——=—==-
Depth Thick. Fy
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.
84.00 .5625 50.

Length

Ft.-> 136.76
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Girder --> 4 Field Section --> 4

Rght = = = —==-- Top Flange---- ---Bottom Flange-- ——== Web —=~-=--
Mem. Node Length Width Thick. Fy width Thick. Fy Depth Thick. Fy

222 172 19.54 28.00 1.2500 50. 27.00 1.5000 50. 84.00 .6250 50.
223 176 9.80 28.00 2.5000 50. 27.00 3.0000 50. 84.00 .6250 50.
224 180 9.80 28.00 2.5000 50. 27.00 3.0000 50. 84.00 .6250 50.
Sup ---> 214.95
225 184 10.24 28.00 2.5000 50. 27.00 3.0000 50. 84.00 .6250 50.
226 188 10.24 28.00 2.5000 50. 27.00 3.0000 50. 84.00 .6250 50.
227 192 10.24 28.00 1.2500 50. 27.00 1.5000 50. 84.00 .6250 50.
228 196 10.24 28.00 1.2500 50. 27.00 1.5000 50. 84.00 .6250 50.

Top Flange Bot Flange Web TOTAL Length
Section
Weight --> 14308. 16556. 14305. 45169. Ft.-> 80.07
Girder --> 4 Field Section --> 5
Rght = = = —-==== Top Flange---- ---Bottom Flange-- === Web =-=====

Mem. Node Length Width Thick. Fy width Thick. Fy Depth Thick. Fy

229 200 10.24 20.00 1.0000 50. 21.00 1.5000 50. 84.00 .5625 50.
230 204 10.24 20.00 1.0000 50. 21.00 1.5000 50. 84.00 .5625 50.
231 208 10.24 20.00 1.0000 50. 21.00 1.5000 50. 84.00 .5625 50.
232 212 10.24 20.00 1.0000 50. 21.00 1.5000 50. 84.00 .5625 50.
233 216 10.24 20.00 1.0000 50. 21.00 1.5000 50. 84.00 .5625 50.
234 220 10.24 20.00 1.0000 50. 21.00 1.5000 50. 84.00 .5625 50.
235 224 10.24 20.00 1.0000 50. 21.00 1.5000 50. 84.00 .5625 50.
236 228 10.24 20.00 1.0000 50. 21.00 1.5000 50. 84.00 .5625 50.
237 232 10.24 20.00 1.0000 50. 21.00 1.5000 50. 84.00 .5625 50.
238 236 10.24 20.00 1.0000 50. 21.00 1.0000 50. 84.00 .5625 50.
239 240 10.24 20.00 1.0000 50. 21.00 1.0000 50. 84.00 .5625 50.
240 244 10.24 20.00 1.0000 50. 21.00 1.0000 50. 84.00 .5625 50.
Sup ---> 163.77

Top Flange Bot Flange Web TOTAL Length
Section
Weight --> 8359. 12069. 19749. 40176. Ft.-> 122.83
Girder
Weight --> 53218. 71756. 90081, 215055. Ft.-> 542.49
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APPENDIX B

Girder Moments and Shears at Tenth Points
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September 23, 1995 8:31 PM
Bridge Type --> I - Girder Date Created -> 09/04/95
Project ----- > I Girder Example Initials ----- > DHH

Project ID ---> DESIGN IG2
Description --> 3-span 4-girder 700-foot radius

Number of girders ---> 4

Number of spans -——> 3
Project units ---> English

BRIDGE-SYSTEMSm 3D Version -> 2.1

Copyright (C) 1985, 1986, 1987, 1988, 1989, 1990
Bridge Software Development International, Ltd.

Stage Definition

Stgl = Load due to weight of structural steel including girders and
cross frames

Stgé = Load due to weight of concrete deck placed at one time

Stg7 = Load due to weight of parapets and wearing surface placed on

composite bridge
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Girder -> 1 Span -> 1 Length => 156.23

DEAD LOADS

- MOMENTS -—---- e SHEARS -
Length Stgl Stg6 Stg7 Stgl stgé Stg7
.00 0 0 0 14 66 30
15.62 178 889 372 9 45 15
31.25 295 1478 599 5 26 7
46 .87 351 1767 702 1 9 4
62.49 348 1754 689 -2 -9 -1
78.11 284 1438 573 -5 -29 -9
93.74 156 804 350 -9 -49 -17
109.36 -42 -184 0 -14 -70 ~-25
124.98 -322 -1553 -503 -20 -98 -32
140.61 -716 -3348 -1183 -28 -127 -47
156.23 -1333 -5897 -2336 -40 -159 -65
--—— LIVE LOAD MOMENTS ---- -~-~-- LIVE LOAD SHEARS -
--- Lane --- -- Truck -- --- Lane --- -- Truck --
Length POS NEG POS NEG POS NEG POS NEG
.00 0 0 0 0 90 -25 85 -17
15.62 1024 -298 1069 -214 69 -19 68 -13
31.25 1773 -570 1775 -404 55 -26 57 =21
46.87 2250 -815 2158 -556 44 -33 46 -29
62.49 2471 -1030 2297 -673 34 -40 36 -37
69.74 MAX 2493 -1122 2298 -711
78.11 2456 -1224 2219 -763 27 -50 29 -47
93.74 2235 -1407 1902 -951 22 -62 25 -55
109.36 1706 -1590 1502 -1082 21 -77 18 -65
124.98 1157 -1874 996 -1229 19 -93 13 -75
140.61 667 -2732 440 -1499 16 -111 11 -83
156.23 791 -4641 424 -1953 17 -135 9 -94
---- LIVE LOAD MOMENTS ---- ---- LIVE LOAD SHEARS -———
-- Special-- -- Maximum - -- Special - -- Maximum -
Length POS NEG POS NEG POS NEG POS NEG
.00 0 0 0 0 0 0 90 =25
15.62 0 0 1069 -298 0 0 69 -19
31.25 0 0 1775 -570 0 0 57 -26
46 .87 0 0 2250 -815 0 0 46 -33
62.49 0 0 2471 -1030 0 0 36 -40
78.11 0 0 2456 -1224 0 0 29 -50
93.74 0 0 2235 -1407 0 0 25 -62
109.36 0 0 1706 -1590 0 0 21 -77
124.98 0 0 1157 -1874 0 0 19 -93
140.61 0 0 667 -2732 0 0 16 -111
156.23 0 0 791 -4641 0 0 17 -135
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Girder -> 1 Span -> 2 Length —>

DEATD LOADS

S MOMENTS ---- o

Length Stgl Stgé Stg7 Stgl
.00 -1333 -5897 -2336 41
20.50 -569 -2719 -952 25
41.01 -123 -648 -172 17
61.51 157 709 317 10
82.02 331 1554 640 4
102.52 384 1812 735 0
123.03 323 1513 610 -5
143.53 159 717 332 -10
164.04 -131 -688 ~190 -16
184.54 -575 -2733 -922 -26
205.05 -1302 -5781 -2254 -41
--—— LIVE LOAD MOMENTS ----

--- Lane --- -- Truck --

Length POS NEG POS NEG
.00 791 -4641 424 -1953
20.50 664 -2304 531 -1212
41.01 1228 -1408 1258 -1015
61.51 1986 -1280 1792 -891
82.02 2535 -1313 2182 -755
102.52 2731 -1325 2287 -727
103.52 MAX 2731 -1325 2288 =727
123.03 2558 -1315 2193 -754
143.53 2008 -1301 1810 -909
164.04 1242 -1450 1262 -1045
184.54 692 -2256 584 -1198
205.05 760 -4482 429 -1906
---—- LIVE LOAD MOMENTS ----

-- Special-- -- Maximum -

Length POS NEG POS NEG
.00 0 0 791 -4641
20.50 0 0 664 -2304
41.01 0 0 1258 -1408
61.51 0 0 1986 -1280
82.02 0 0 2535 -1313
102.52 0 0 2731 -1325
123.03 0 0 2558 -1315
143.53 0 0 2008 -1301
164.04 0 0 1262 -1450
184.54 0 0 692 -2256
205.05 0 0 760 -4482
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205.05
SHEARS e
Stgé Stg7
159 66
116 45
83 26
50 17
24 8
0 0
-25 -8
-51 -17
-80 -27
-119 -44
-160 -67
---- LIVE LOAD SHEARS -———
--- Lane --- -- Truck --
POS NEG POS NEG
134 -17 94 -9
109 -22 79 -15
89 -29 70 -23
71 -29 59 -24
56 -33 47 -29
44 -45 38 -40
36 -57 31 -48
31 -70 26 -58
29 -88 21 -68
21 -104 16 -76
17 -137 9 -99
~—--- LIVE LOAD SHEARS ==
-- Special - -- Maximum -
POS NEG POS NEG
0 0 134 -17
0 0 109 -22
0 0 89 -29
0 0 71 -29
0 0 56 -33
0 0 44 -45
0 0 36 -57
0 0 31 -70
0 0 29 -88
0 0 21 ~-104
0 0 17 -137
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Girder -> 1 Span -> 3 Length ->

DEAD LOADS

—— MOMENTS ---- = ——

Length Stgl Stgé Stg7 Stgl
.00 -1302 -5781 -2254 40
15.62 -726 -3371 -1177 28
31.25 -323 -1555 -514 20
46.87 -42 -187 -5 14
62.49 154 797 347 9
78.11 283 1433 575 6
93.74 347 1750 688 1
109.36 350 1761 695 -1
124.98 294 1473 591 -5
140.61 177 881 367 -9
156.23 0 0 0 -14
---- LIVE LOAD MOMENTS ----

~-- Lane --- -- Truck --

Length POS NEG POS NEG
.00 760 -4482 429 -1906
15.62 665 -2676 454 -1478
31.25 1146 -1851 999 -1215
46.87 1693 -1570 1498 -1070
62.49 2221 -1389 1898 -942
78.11 2449 -1210 2227 -753
86.49 MAX 2489 -1110 2311 -702
93.74 2469 -1018 2309 -665
109.36 2249 -805 2167 -548
124.98 1783 -566 1793 -399
140.61 1042 -300 1095 -214
156.23 0 0 0 0
---- LIVE LOAD MOMENTS ----

-- Special-- -- Maximum -

Length POS NEG POS NEG
.00 0 0 760 -4482
15.62 0 0 665 -2676
31.25 0 0 1146 -1851
46.87 0 0 1693 -1570
62.49 0 0 2221 -1389
78.11 0 0 2449 -1210
93.74 0 0 2469 -1018
109.36 0 0 2249 -805
124.98 0 0 1793 -566
140.61 0 0 1095 -300
156.23 0 0 0 0
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156.23
SHEARS ———
Stgé6 Stg7
158 66
126 47
96 33
72 24
50 16
30 10
9 3
-8 -2
-26 -9
~45 -16
-66 -30
—-~—— LIVE LOAD SHEARS -——
--- Lane --- -- Truck --
POS NEG POS NEG
139 -17 101 -9
108 -18 82 -11
94 -18 75 -16
79 -20 67 -21
65 ~-23 58 -26
53 -28 49 -31
43 -35 41 -38
34 -44 32 -47
28 -54 24 -56
25 -68 18 -68
24 -90 17 -85
---- LIVE LOAD SHEARS Sl —
-~ Special - -- Maximum -
POS NEG POS NEG
0 0 139 -17
0 0 108 -18
0 0 94 -18
0 0 79 -21
0 0 65 -26
0 0 53 -31
0 0 43 -38
0 0 34 -47
0 0 28 -56
0 0 25 -68
0 0 24 -90
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Girder -> 2 Span -> 1 Length -> 158.74

DEAD LOADS

X MOMENTS ---- Bt Ko SHEARS e
Length Stgl Stgé Stg7 Stgl Stgé6 stg7
.00 0 0 0 16 71 22
15.87 206 962 340 10 47 17
31.75 340 1585 577 6 26 12
47.62 404 1875 704 1 9 2
63.50 397 1840 711 -2 -11 -4
79.37 322 1488 592 -6 -30 -9
95.25 177 820 338 -10 -51 ~16
111.12 -38 -182 -40 -15 =71 =23
126.99 -334 -1533 -538 -21 -92 -33
142.87 -733 -3262 -1138 -28 -116 ~-40
158.74 -1324 -5605 -2003 -37 -139 -45
-~-- LIVE LOAD MOMENTS ---- --—-- LIVE LOAD SHEARS -——
~~- Lane --- -- Truck -- --- Lane --- -- Truck --
Length POS NEG POS NEG POS NEG POS NEG
.00 0 0 0 0 77 -10 83 -5
15.87 882 -161 946 -115 58 -14 61 -7
31.75 1507 -325 1542 -233 45 -21 51 -17
47.62 1893 -493 1862 -355 36 ~29 42 -27
63.50 2069 -669 1980 -480 28 -36 34 -36
70.85 MAX 2086 =753 1974 -541
79.37 2054 -854 1923 -614 22 -44 28 -43
95.25 1867 -1056 1719 -758 16 -54 23 -50
111.12 1439 -1278 1362 -920 10 -65 15 -58
126.99 966 -1599 900 -1094 5 -78 7 -66
142.87 512 -2341 425 -1294 2 -95 1 -74
158.74 448 -3826 381 -1604 6 -113 5 -89
---- LIVE LOAD MOMENTS ---- -—-——- LIVE LOAD SHEARS S
-- Special-- -- Maximum - -- Special - -- Maximum -
Length POS NEG POS NEG POS NEG POS NEG
.00 0 0 0 0 0 0 83 -10
15.87 0 0 946 -161 0 0 61 -14
31.75 0 0 1542 -325 0 0 51 =21
47.62 0 0 1893 -493 0 0 42 -29
63.50 0 0 2069 -669 0 0 34 -36
79.37 0 0 2054 -854 0 0 28 -44
95.25 0 0 1867 -1056 0 0 23 -54
111.12 0 0 1439 -1278 0 0 15 ~-65
126.99 0 0 966 -1599 0 0 7 -78
142 .87 0 0 512 -2341 0 0 2 -95
158.74 0 0 448 -3826 0 0 6 -113
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Girder -> 2 Span -> 2 Length -> 208.35

DEAD LOADS

———— MOMENTS ---- - SHEARS e
Length Stgl Stgb Sstg7 Stgl Stg6 Stg7
.00 -1324 -5605 -2003 37 139 46
20.83 -597 -2681 -945 24 109 37
41.67 -143 -676 -204 17 78 30
62.50 159 700 318 11 52 17
83.34 355 1600 639 5 26 8
104.17 416 1879 743 0 0 0
125.01 347 1550 637 -6 ~26 -8
145.84 162 714 317 -11 -51 -18
166.68 -150 -708 -226 -17 -79 -27
187.51 -602 -2690 -925 -26 -109 -39
208.35 -1297 -5504 -1962 -37 -139 -45
---- LIVE LOAD MOMENTS ---- ---- LIVE LOAD SHEARS ————
--- Lane --- -- Truck -- --- Lane --- -- Truck --
Length POS NEG POS NEG POS NEG POS NEG
.00 448 -3826 381 -1604 112 -6 87 -5
20.83 502 -1949 458 -992 91 -9 68 -8
41.67 957 -1084 1064 ~-790 73 -16 60 -16
62.50 1531 -805 1548 -622 60 -23 53 -21
83.34 1958 -752 1829 -463 47 -29 45 -28
104.17 MAX 2101 -738 1928 -347 37 -37 36 -37
125.01 1965 -753 1836 -466 29 -47 28 -44
145.84 1527 -802 1548 -620 23 -58 22 -51
166.68 958 -1107 1059 -798 16 -73 15 -59
187.51 526 -1913 495 -974 12 -86 9 -66
208.35 444 -3711 378 -1581 6 -114 5 -94
-—-- LIVE LOAD MOMENTS ---- ---- LIVE LOAD SHEARS -———
-- Special-- -- Maximum - -- Special - -- Maximum -
Length POS NEG POS NEG POS NEG POS NEG
.00 0 0 448 -3826 0 0 112 -6
20.83 0 0 502 -1949 0 0 91 -9
41.67 0 0 1064 -1084 0 0 73 -16
62.50 0 0 1548 -805 0 0 60 -23
83.34 0 0 1958 -752 0 0 47 -29
104.17 0 0 2101 -738 0 0 37 -37
125.01 0 0 1965 -753 0 0 29 -47
145.84 0 0 1548 -802 0 0 23 -58
166.68 0 0 1059 -1107 0 0 16 -73
187.51 0 0 526 ~1913 0 0 12 -86
208.35 0 0 444 -3711 0 0 6 -114
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Girder -> 2 Span -> 3 Length -> 158.74

DEAD LOADS

—— MOMENTS ---- e SHEARS —
Length Stgl Stgé6 Stg7 Stgl Stgé6 stg7
.00 -1297 -5504 -1962 37 139 45
15.87 -742 -3274 -1135 28 117 39
31.75 -336 -1539 -543 21 93 32
47.62 -39 -185 -39 15 71 24
63.50 176 816 335 10 50 17
79.37 321 1485 584 7 31 10
95.25 395 1833 706 2 11 3
111.12 403 1865 703 -1 =7 -3
126.99 338 1575 576 -6 -27 -11
142.87 203 950 331 -10 -48 -16
158.74 0 0 0 -16 -71 -22
—-=—== LIVE LOAD MOMENTS ---- ~-—-—-~ LIVE LOAD SHEARS —_———
--- Lane --- -- Truck -- --- Lane --- -- Truck --
Length POS NEG POS NEG POS NEG POS NEG
.00 444 -3711 378 -1581 116 -6 97 -5
15.87 540 -2302 458 -1285 89 -4 74 -5
31.75 985 -1596 921 -1094 77 -8 66 -11
47.62 1450 -1282 1374 -922 66 -12 60 -17
63.50 1876 -1060 1729 -760 56 -17 53 -24
79.37 2063 -858 1934 -617 47 ~-23 46 -29
87.90 MAX 2094 -756 1984 -543
95.25 2077 -670 1989 -482 38 -30 38 -36
111.12 1898 -495 1869 -356 30 -37 30 -43
126.99 1520 -326 1557 -235 24 ~-46 22 -52
142.87 902 -162 969 -117 19 -58 14 -62
158.74 0 0 0 0 10 -77 5 -84
—-—--- LIVE LOAD MOMENTS ---- ---—- LIVE LOAD SHEARS —=—
-- Special-- -- Maximum - -- Special - ~-- Maximum -
Length POS NEG POS NEG POS NEG POS NEG
.00 0 0 444 -3711 0 0 116 -6
15.87 0 0 540 -2302 0 0 89 -5
31.75 0 0 985 -1596 0 0 77 -11
47.62 0 0 1450 -1282 0 0 66 -17
63.50 0 0 1876 -1060 0 0 56 -24
79.37 0 0 2063 -858 0 0 47 -29
95.25 0 0 2077 -670 0 0 38 -36
111.12 0 0 1898 -495 0 0 30 -43
126.99 0 0 1557 -326 0 0 24 -52
142.87 0 0 969 -162 0 0 19 -62
158.74 0 0 0 0 0 0 10 -84
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Girder -> 3 Span -> 1 Length -> 161.26

DEAD LOADS

—— MOMENTS ---- i SHEARS ey
Length Stgl Stgb Stg7 Stgl Stgé Stg7
.00 0 0 0 18 78 24
16.13 248 1090 389 12 53 19
32.25 406 1775 647 7 29 12
48.38 478 2080 778 1 8 1
64.50 468 2024 777 -3 -12 -4
80.63 379 1622 639 =7 -34 -11
96.75 206 873 352 -12 -56 -17
112.88 -48 -237 -64 -17 -77 -25
129.01 -388 -1708 -618 -23 -98 -35
145.13 -842 -3570 -1270 -31 =123 -42
161.26 -1517 -6112 -2214 -42 -151 -48
---- LIVE LOAD MOMENTS ---- --—- LIVE LOAD SHEARS -
--- Lane --- -- Truck -- --- Lane --- -— Truck --
Length POS NEG POS NEG POS NEG POS NEG
.00 0 0 0 0 84 -15 83 -10
16.13 1035 -256 1031 -181 67 -19 65 -11
32.25 1752 -496 1690 -350 52 -25 52 -20
48.38 2188 722 2049 -510 39 -31 43 -28
64.50 2396 -944 2185 -668 31 -38 36 -36
71.95 MAX 2419 -1047 2182 -741
80.63 2389 -1166 2127 -825 24 -47 28 -43
96.75 2180 -1395 1897 -986 18 -57 22 -51
112.88 1729 -1633 1504 -1154 11 -68 14 -60
129.01 1187 -1954 991 -1330 6 -83 7 -69
145.13 654 -2703 465 -1530 3 -100 3 =77
161.26 596 -4298 503 -1807 8 -122 5 -90
~=-=- LIVE LOAD MOMENTS ---- -—--- LIVE LOAD SHEARS -_——
-- Special-- -- Maximum - -- Special - -- Maximum -
Length POS NEG POS NEG POS NEG POS NEG
.00 0 0 0 0 0 0 84 -15
16.13 0 0 1035 -256 0 0 67 -19
32.25 0 0 1752 -496 0 0 52 -25
48.38 0 0 2188 -722 0 0 43 -31
64.50 0 0 2396 -944 0 0 36 -38
80.63 0 0 2389 -1166 0 0 28 -47
96.75 0 0 2180 -1395 0 0 22 -57
112.88 0 0 1729 -1633 0 0 14 -68
129.01 0 0 1187 -1954 0 0 7 -83
145.13 0 0 654 -2703 0 0 3 -100
161.26 0 0 596 -4298 0 0 8 -122
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Girder -> 3 Span -> 2 Length ->

DEAD LOADS

———— MOMENTS ---- e

Length Stgl Stgé Stg7 Stgl
00 -1517 -6112 -2214 42
21.16 -694 -2960 -1063 28
42 .33 -183 -803 -251 19
63.49 164 708 328 13
84.66 390 1696 684 6
105.82 461 2006 801 0
126.99 380 1646 684 -6
148.15 167 721 328 -13
169.32 -191 -832 -274 -19
190.48 =700 -2965 -1038 -29
211.65 -1486 -5999 -2167 -42
--—— LIVE LOAD MOMENTS ----

--- Lane --- -- Truck --

Length POS NEG POS NEG
.00 596 -4298 503 ~-1807
21.16 570 -2230 467 -1116
42 .33 1042 -1252 1120 -929
63.49 1671 -1002 1656 -762
84.66 2208 -1002 1987 -590
105.82 MAX 2369 -1008 2106 -466
126.99 2215 -1004 1995 -593
148.15 1671 -1003 1656 -762
169.32 1043 -1272 1120 -942
190.48 593 -2175 491 -1099
211.65 586 -4159 494 -1772
--—-- LIVE LOAD MOMENTS ----

-- Special-- -- Maximum -

Length POS NEG POS NEG
.00 0 0 596 -4298
21.16 0 0 570 ~-2230
42 .33 0 0 1120 ~1252
63.49 0 0 1671 -1002
84.66 0 0 2208 -1002
105.82 0 0 2369 -1008
126.99 0 0 2215 -1004
148.15 0 0 1671 -1003
169.32 0 0 1120 ~1272
190.48 0 0 593 -2175
211.65 0 0 586 -4159

Aubum University / HALL 65

Printed on May 10, 1999

211.65
SHEARS ————
Stgé Stg7
150 49
114 40
84 31
56 19
28 8
0 0
-28 -9
-56 -20
-84 -30
-115 -42
-150 -48
---- LIVE LOAD SHEARS -——
--- Lane --- -- Truck --
POS NEG POS NEG
120 -8 89 ~5
97 -13 70 -10
78 -20 62 =17
64 -23 55 =20
50 -30 46 -26
39 -39 36 -38
30 -50 28 -46
24 -62 21 -53
19 -78 16 -61
15 -92 10 -68
8 -122 6 -95
-—--- LIVE LOAD SHEARS ———
-- Special - -- Maximum -
POS NEG POS NEG
0 0 120 -8
0 0 97 -13
0 0 78 ~20
0 0 64 -23
0 0 50 -30
0 0 39 -39
0 0 30 -50
0 0 24 -62
0 0 19 -78
0 0 15 -92
0 0 8 =122
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Girder -> 3 Span -> 3 Length ->

DEAD LOADS

- MOMENTS ---- =

Length Stgl Stgb sStg’7 Stgl
.00 -1486 -5999 -2167 42
16.13 -852 -3586 -1267 31
32.25 -389 -1714 -623 23
48.38 -47 -240 -67 17
64.50 206 870 350 12
80.63 378 1619 631 8
96.75 468 2017 772 3
112.88 476 2065 776 -1
129.01 403 1759 643 -6
145.13 244 1071 376 -12
161.26 0 0 0 -18
-——- LIVE LOAD MOMENTS ----

--- Lane --- -- Truck --

Length POS NEG POS NEG
.00 586 -4159 494 -1772
16.13 675 -2649 480 -1511
32.25 1199 -1941 1004 -1324
48.38 1733 -1628 1514 -1151
64.50 2183 -1391 1904 -984
80.63 2393 -1165 2134 -824
89.30 MAX 2423 -1044 2190 -739
96.75 2398 -941 2192 -666
112.88 2182 ~717 2047 -508
129.01 1750 ~490 1693 -347
145.13 1046 -256 1051 -181
161.26 0 0 0 0
-==- LIVE LOAD MOMENTS ----

-- Special-- -- Maximum -

Length POS NEG POS NEG
.00 0 0 586 -4159
16.13 0 0 675 -2649
32.25 0 0 1199 -1941
48.38 0 0 1733 -1628
64.50 0 0 2183 -1391
80.63 0 0 2393 -1165
96.75 0 0 2398 -941
112.88 0 0 2182 =717
129.01 0 0 1750 -490
145.13 0 0 1051 -256
161.26 0 0 0 0
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161.26
SHEARS e
stgé sStg7
151 48
124 42
99 35
77 27
55 19
35 12
13 4
-7 -3
-29 ~-10
-53 -19
-77 -24
-—--- LIVE LOAD SHEARS ———
--- Lane --- -- Truck --
POS NEG POS NEG
125 -8 97 -6
93 -5 76 -5
82 -9 69 -9
71 =14 62 -16
59 -19 54 -23
49 -24 47 -29
41 -32 38 -37
34 -40 30 -44
28 -51 22 -52
23 -67 16 -65
15 -84 i0 -83
--—-- LIVE LOAD SHEARS ————
-- Special - -- Maximum -
POS NEG POS NEG
0 0 125 -8
0 0 93 -5
0 0 82 -9
0 0 71 -16
0 0 59 -23
0 0 49 -29
0 0 41 -37
0 0 34 -44
0 0 28 -52
0 0 23 -67
0 0 15 -84
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Girder -> 4 Span -> 1 Length -> 163.77

DEAD LOADS

——— MOMENTS --=-- ———— SHEARS ———
Length Stgl Stgé Stg7 Stgl Stgé Stg7
.00 0 0 0 23 92 42
16.38 328 1364 575 16 69 24
32.75 558 2305 946 11 44 15
49.13 678 2775 1128 3 10 5
65.51 675 2744 1113 -4 -19 -5
81.89 546 2192 904 -10 ~47 -16
98.26 293 1136 510 -18 -74 -27
114.64 -69 -374 -56 -24 -101 -36
131.02 -532 -2263 -786 -30 -121 -43
147.39 -1108 -4482 -1660 -36 -134 -53
163.77 -1917 -7272 -3015 -45 -144 -64
---- LIVE LOAD MOMENTS ---- ~-—-- LIVE LOAD SHEARS et
--- Lane --- -~ Truck -- --—- Lane --- -- Truck --
Length POS NEG POS NEG POS NEG POS NEG
.00 0 0 0 0 116 -32 99 -19
16.38 1463 -439 1377 =291 94 -32 83 -20
32.75 2622 -867 2423 -588 78 -34 71 -21
49.13 3453 -1272 3104 -885 61 -41 58 =27
65.51 3861 -1665 3384 -1168 44 -52 44 -40
73.06 MAX 3897 -1855 3391 -1289
81.89 3835 -2072 3303 -1424 31 -67 31 -55
98.26 3510 -2401 2923 -1664 21 -80 21 -67
114.64 2684 -2690 2235 -1888 16 ~95 13 -79
131.02 1824 -3043 1399 -20717 15 -111 8 -90
147.39 1038 -3880 576 -2249 15 -125 7 -97
163.77 1190 -5954 698 -2513 17 -137 9 -102
—-~-- LIVE LOAD MOMENTS ---- -—--- LIVE LOAD SHEARS i
~- Special-- -- Maximum - -- Special - -- Maximum -
Length POS NEG POS NEG POS NEG POS NEG
.00 0 0 0 0 0 0 116 -32
16.38 0 0 1463 -439 0 0 94 -32
32.75 0 0 2622 -867 0 0 78 -34
49.13 0 0 3453 -1272 0 0 61 -41
65.51 0 0 3861 -1665 0 0 44 -52
81.89 0 0 3835 -2072 0 0 31 -67
98.26 0 0 3510 -2401 0 0 21 -80
114.64 0 0 2684 -2690 0 0 16 -95
131.02 0 0 1824 -3043 0 0 15 -111
147.39 0 0 1038 -3880 0 0 15 -125
163.77 0 0 1190 -5954 0 0 17 -137
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Girder -> 4 Span -> 2 Length -> 214.95

DEAD LOADS

- MOMENTS ---- i et SHEARS ————
Length Stgl Stgé Stg7 Stgl Stgé Stg7
.00 -1917 -7272 -3015 44 142 65
21.49 -940 -3811 -1388 33 131 54
42.99 =277 -1151 -320 25 107 38
64.48 208 881 471 18 77 27
85.98 531 2224 1011 9 38 14
107.47 635 2658 1183 0 -1 0
128.97 518 2173 978 -9 -38 -14
150.46 210 888 485 -17 -76 -27
171.96 -284 -1174 -340 -26 -109 -39
193.45 -945 -3805 -1337 -33 -127 -51
214.95 -1871 -7126 -2906 -44 -141 -65
-—--- LIVE LOAD MOMENTS ---- ---- LIVE LOAD SHEARS —_————
--- Lane --- -- Truck -- ~-- Lane --- -~ Truck =--
Length POS NEG POS NEG POS NEG POS NEG
.00 1190 -5954 698 -2513 135 -17 99 -9
21.49 934 -3276 587 -1672 127 -26 88 -16
42.99 1610 -2008 1628 -1486 114 -27 88 -16
64.48 2662 -1771 2512 -1292 95 29 76 -20
85.98 3640 -1867 3077 -1069 75 -36 62 -26
107.47 3924 -1903 3283 -878 56 -56 45 -46
108.47 MAX 3925 -1903 3284 -878
128.97 3631 -1859 3098 -1050 42 -74 33 -60
150.46 2695 -1775 2563 -1295 32 -91 23 -74
171.96 1624 -2031 1632 -1516 26 -112 16 -84
193.45 956 -3169 659 -1644 26 -123 13 -91
214.95 1135 -5750 674 -2433 17 -133 9 -101
--—- LIVE LOAD MOMENTS ---- ---- LIVE LOAD SHEARS —_———
-- Special-- -- Maximum - -- Special - -- Maximum -
Length POS NEG POS NEG POS NEG POS NEG
.00 0 0 1190 -5954 0 0 135 -17
21.49 0 0 934 -3276 0 0 127 -26
42.99 0 0 1628 -2008 0 0 114 =27
64.48 0 0 2662 -1771 0 0 95 -29
85.98 0 0 3640 -1867 0 0 75 -36
107.47 0 0 3924 -1903 0 0 56 -56
128.97 0 0 3631 -1859 0 0 42 -74
150.46 0 0 2695 -1775 0 0 32 -91
171.96 0 0 1632 -2031 0 0 26 -112
193.45 0 0 956 -3169 0 0 26 -123
214.95 0 0 1135 -5750 0 0 17 -133
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APPENDIX C

Comparison of Analyses
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A. Modeling for Grid Analysis
1. General

The MSC/NASTRAN ver. 68 was used for the grid analysis. The finite element
analysis using grid elements is considered exact within the confinement of a classical
strength of materials assumption. The element stiffness matrices of the structural
members, which are represented as one dimensional entities, are exact as they are based
on an exact displacement shape function. Therefore, the analysis results are exact
regardless of the grid refinement. Most of the commercially available grid analysis
programs give twisting moments (pure torsion), vertical bending moments, and shearing
forces. Although the CBEND element of MSC/NASTRAN used in the analysis has six
degrees of freedom at each node, three degrees of freedom were suppressed to simulate
the classical grid analysis output.
2. Coordinates

There are two types of coordinate systems employed in developing grid elements,
i.e., rectangular Cartesian coordinates and cylindrical (or polar) coordinates. Grid elements
based on cylindrical coordinates are ideally suited to be used for horizontally curved bridge
girder analyses. Although grid elements based on rectangular coordinates may be used
in curved girder analyses, a minimum of ten elements per span is required to approximate
the girder curvature. The grid element, CBEND, used in the analysis is based on polar
coordinates. As a result, there is no need to provide kinks, or many elements to simulate

the curvature.
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3. Kinematic Degrees of Freedom

General purpose structural analysis computer program packages, including
NASTRAN, ABAQUS, and SAP, assign six kinematic degrees of freedom at each node;
i.e., three translations and three rotations. Special purpose grid analysis programs
generally assign only three kinematic degrees of freedom at each node, i.e., two rotations
with respect to two axes within the plane of the structure and one translation perpendicular
to the plane of the deck. Therefore, grid analyses generally do not evaluate warping
functions.
4, Boundary Conditions

The grid element based on cylindrical coordinates presents no special difficulties in
modeling girder end boundary conditions whether the abutments or the interior piers are
in the radial direction or skewed. However, the grid element based on rectangular
coordinates almost always presents more difficulties in modeling boundary conditions
regardless of the actual support condition. As the CBEND element used in the analysis
is based on polar coordinates, no special modeling difficulties were encountered.
5. Dead Load

The non-composite dead loads (DL1) applied in the grid analysis were computed

using the field sections given in Appendix A and the | girder bridge cross section shown in
Figure 1. The distributed load (steel weight or deck weight) was lumped at each node
using a single or double tributary area concept. The composite dead loads (DL2) consisted
of the future wearing surface load of 30 psf and the concrete parapets assumed to weight
530 plf. The parapet dead loads were resolved into equivalent vertical loads and the
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resulting torques were applied at the node points along the exterior girders.
6. Live Load

Wheel loads and equivalent lane loads were distributed to adjacent grid points using
a double-interpolation scheme. Work equivalent bending moments and torques were
neglected. Sample examples run with these fixed-end actions did not show any noticeable
differences. The middle wheel of the HS25 truck was placed at the approximate location
for maximum positive moment in Span 1 (at 0.4L,) and the middle wheels of two HS 25
trucks were placed at 0.4L, and 0.4L, measured from the interior support for maximum
negative moment. The direction of the truck was determined from the ordinates of the
straight-girder influence lines. The minimum rear-axle spacing of 14 ft was assumed to
govern. The trucks were shifted laterally to put the maximum wheel load over the particular
girder under investigation. Impact factors used were those given in Article 3.5.6.1 of the
Recommended Specifications.
B. Modeling for V-Load Analysis
1. General

The theory and application of the V-load method are best illustrated in “V-Load
Analysis, Chapter 12, Highway Structures Design Handbook, Volume 1,” available through
the National Steel Bridge Alliance (NSBA). As demonstrated in the “Current Practice
(NCHRP Project 12-38) Report” and in “V-Load Analysis”, the dead load analysis is
reasonably accurate. However, the accuracy of the live load analysis is seemingly affected
by the accuracy of the wheel load distribution factors that are used. The V-load analysis
presented herein was performed using VANCK (V-load Analysis and Check), a computer
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program also available from the NSBA. The V-load method is used by VANCK to compute
vertical bending moments, shearing forces and lateral flange bending moments at each
tenth point in each span for all girders.
2. Coordinates

VANCK computes coordinates for each tenth point in each span for all girders
based on benchmark input data.
3. Boundary Conditions

As the primary analysis in the V-load method is performed on individual straight
girders with the same arc span lengths (developed lengths) as the individual curved
girders, boundary conditions are the same as for the curved-girder bridge. Both ends of
the bridge are simply supported and the girders are continuous over the interior supports.
4, Dead Load

The uniform non-composite dead load (DL 1) applied to each girder in VANCK was
computed using the field sections given in Appendix A and | girder bridge cross section
shown in Figure 1. The composite dead load (DL2), including the parapet dead load and
future wearing surface load, was distributed uniformly to each girder.
5. Live Load

The live load distribution factors used in the V-load analysis were based on
AASHTO Article 3.23.2.3. The distribution factor for the interior girders was S/5.5 =11/5.5
= 2.0 wheels. S/(4+0.25S) = 11/(4+0.25x11) = 1.63 wheels was used for the exterior

girders. As in the case of the grid analysis, trucks (or equivalent lane loads) were placed
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at the approximate locations to produce maximum positive moments and/or maximum

negative moments. The direction of the truck was determined from the ordinates of the

straight-girder influence lines. Impact factors used were those given in Article 3.5.6.1 of

the Recommended Specifications.

Table C1 Dead Load (Structural Steel) Analysis Comparison

Max Moment Reaction
+ M, Side -M, Interior C-;rl::l,er Abutment Interior
Span (k-ft) Pier (k-ft) Span (k-f) (k) Pier (k)
FEM 351 1,333 384 14.0 81.0
G1 Grid 341 1,305 347 13.5 85.4 4”
V-load 390 1,349 404 15.8 79.5
FEM 404 1,324 416 16.0 74.0
G2 Grid 368 1,204 357 14.6 68.0
V-load 431 1,416 513 16.8 75.8
FEM 478 1,517 461 18.0 84.0 I
G3 Grid 418 1,370 378 15.6 82.7
V-load 495 1,601 605 19.5 77.0
FEM 678 1,917 635 23.0 89.0
G4 Grid 691 1,742 587 24 1 87.6
I V-load 689 2,028 811 252 | 90.6

Reaction Sum (kips): FEM=399, Grid=391.5, V-load=400.2
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Table C2 Dead Load (Concrete Deck) Analysis Comparison

Max Moment Reaction
+ M, Side -M, Interior C-Fer':/tl,er Abutment Interior
Span (k-ft) Pier (k-ft) Span (k-ft) (k) Pier (k)
FEM 1,767.0 5,897.0 1,812.0 66.0 318.0
G1 Grid 1,720.7 5,962.0 1,617.6 68.1 341.6
V-load 1,604.0 5,356.0 1,596.0 64.7 312.6
FEM 1,875.0 5,605.0 1,879.0 71.0 278.0
G2 Grid 1,705.4 5,198.3 1,705.4 67.2 251.0
V-load 1,840.0 5,422.0 1,812.0 70.2 292.0
FEM 2,080.0 6,112.0 2,006.0 78.0 301.0
G3 Grid 1,795.7 5,646.9 1,636.9 67.6 304.0
V-load 2,141.0 5,867.0 2,008.0 78.5 285.5
FEM 2,775.0 7,272.0 2,658.0 92.0 286.0
G4 Grid 2,793.4 6,823.4 2,469.6 98.2 288.5
V-load 2,569.0 6,539.0 2,367.0 90.7 292.6

Reaction Sum (kips): FEM=1,490, Grid=1,486.2, V-load=1,486.8
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Table C3 Dead Load (Superimposed Dead Load) Analysis Comparison

Reaction "

“ Max Moment
+ M, Side -M, Interior C-;r':{tlér Abutment Interior
Span (k-ft) Pier (k-ft) Span (k-f) (k) Pier (k)
FEM 702.0 2,336.0 735.0 30.0 131.0
G1 Grid 560.0 2,106.0 525.0 26.5 125.4
V-load 644.8 1,722.3 684.1 24.8 109.6
FEM 711.0 2,003.0 743.0 22.0 91.0
G2 Grid 625.0 1,791.0 584.5 19.7 76.3
V-load 790.2 1,866.2 895.8 28.7 110.5
FEM 778.0 2,214.0 801.0 24.0 97.0
G3 Grid 701.0 2,161.0 635.8 24.6 103.5
I V-load 1,042.2 2,085.6 911.4 32.1 111.8
FEM 1,128.0 3,015.0 1,183.0 42.0 129.0
G4 Grid 1,163.0 2,994.0 1,015.8 43.8 146.6
V-load 1,0329 | 2,320.5 1,183.1 35.4 113.2

Reaction Sum (kips): FEM=566.0, Grid=566.4, V-load=566.1
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Table C4 Live Load (Truck) Analysis Comparison

Max Moment Reaction

+ M, Side -M., Interior C-;rI:/tlér Abutment In_terior

I Span (k-ft) Pier (k-ft) Span (k-f) (k) Pier (k)
|| FEM 2,298.0 1,953.0 2,288.0 - -
G1 Grid 2,052.0 1,945.0 1,963.7 - -
V-load 2,241.3 1,475.5 2,278.3 - -
FEM 1,980.0 1,604.0 1,928.0 - -
G2 Grid 2,078.0 1,647.0 2,039.2 - -
_ V-load 2,904.9 1,822.7 2,984.6 - -
FEM 2,185.0 1,807.0 2,106.0 - -
G3 Grid 2,249.0 1,918.0 2,188.0 - -
V-load 3,377.4 2,069.0 3,516.5 - -
FEM 3,391.0 2,513.0 3,284.0 - -
G4 Grid 3,709.0 2,513.0 3,576.7 - -
V-load 3,269.3 1,918.2 3,479.4 - -

As the truck positions are varied for each category of Max Moment, reactions are not listed.
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Table C5 Live Load (Lane) Analysis Comparison

Max Moment Reaction ||
+ M, Side -M., Interior Cterl:,tl,er Abutment Ir!terior
Span (k-ft) Pier (k-ft) Span (k-f) (k) Pier (k)
I FEM 2,493.0 4,641.0 2,731.0 - -
G1 Grid 1,862.0 4,782.0 1,953.8 - -
V-load 2,303.1 3,504.1 2,500.1 - -
FEM 2,086.0 3,826.0 2,101.0 - -
G2 Grid 2,050.0 4,039.0 2,096.1 - -
V-load 3,030.6 4,345.4 3,345.2 - -
FEM 2,419.0 4,298.0 2,369.0 - -
G3 Grid 2,420.0 4,517.0 2,358.0 - -
V-load 3,681.1 4,862.7 4,086.0 - -
FEM 3,897.0 5,954.0 3,925.0 - -
G4 Grid 4,296.0 5,736.0 4,090.0 - -
V-load 3,739.3 4,454.9 4,177.2 - - H

As the lane load positions are varied for each category of Max Moment, reactions are not

listed.
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Appendix D

Selected Design Forces and Girder 4 Section Properties
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Table D1 Girder 4 Selected Moments (k-ft)
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——————1
Section | Steel Deck | Cast(#)' | Suplmp? | Ovrlod® | LLmax* Fat,,’ Fat,a,
Node
1-1 574 2,367 3,018(1) 968 2,210 2,763 217 896
24
2-2 661 2,682 3,932(1) 1,093 3,174 3,968 -431 1,177
44 -3,035(2) _ =-15k V= 15k
3-3 213 802 2,554(1) 381 2,720 3,400 -627 966
64 -3,113(2) -2,072 -2,590 =-26k V=5k
4-4 -290 -1,282 1,023(1) -411 1,838 2,297 -726 634
76 -3,469(2) -2,338 -2,923
5-5 -958 -3,921 -549(1) -1,457 970 1,212 -816 230
88 -3,685(2) -2,977 -3,721
6-6 -1,917 -7,272 - -3,015 -4,924 -6,155 -954 251
100 V=-41k V=2k
7-7 -1,010 -4,082 --- -1,501 -2,859 -3,574 -632 175
112
8-8 -382 -1,585 | -1,910(1) -487 -1,768 1,583 -555 484
124 -169(2) -2,210
10-10 634 2,652 | -1,045(1) 1,179 3,270 4,087 -288 1,152
148 4,089(2) I—
——

'(#) denotes Deck Cast
Cast #1 begins at Section 1-1 and ends at Section 3-3
Cast #2 begins at Section 8-8 and is symmetrical in the center span
Steel, Deck and Cast moments are unfactored. Deck includes the moments due
to the deck haunch and stay-in-place forms.

2Suplmp - Unfactored superimposed dead load

*Ovrlod - Unfactored live-load plus impact moment due to multiple lanes of HS20.

Impact is according to Article 3.5.6.1.

‘L Lmax - Unfactored live-load plus impact moment due to multiple lanes of HS25.

Impact is according to Article 3.5.6.1.

SFat - Maximum and minimum fatigue moments due to one fatigue vehicle plus 15%
impact times the load factor of 0.75 specified in Article 3.5.7.1.
All live load moments, including fatigue moments, include centrifugal force effects.
Multiple presence reduction factors (AASHTO Article 3.12) were considered in
determining Ovrlod and LLmax.
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Table D2 Shear (kips), Girder 4 Span 1

Tenth Steel Deck | Suplmp | TotDL | LLoad | (5/3)LL | 1 .3(TotDL=
Point +5/3[LL])
0 23 92 42 157 116 193 455
1 16 69 24 109 94 157 345
2 11 44 15 70 78 130 260
3 3 10 5 18 61 102 156
4 -4 -19 -5 -28 -53 -87 -150 (
5 -10 -47 -16 | -73 -67 -112 -241
6 -18 -74 -27 -119 -80 -133 -328
7 -24 -101 -36 -161 -95 -158 -418
8 -30 -121 -43 -194 -111 -185 -493
9 -36 -134 -53 -223 -125 -208 -560
10 -45 -144 -64 -253 -137 -243 -645 ||
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Table D3 Shear (kips), Girder 4 Span 2

Tenth Steel Deck | Suplmp | TotDL | LLoad | 5/3LL | 1.3(TotDL
Point +5/3[LL])
0 44 142 65 251 135 225 619
1 33 131 54 218 127 212 559
Sect 8-8 27 112 41 180 126 210 507
Node 124 7#1 1010V
(Splice) 92#2 21 OV
2 25 107 38 170 114 190 468
3 18 77 27 122 95 158 364
4 9 38 14 51 75 125 241
5 0 -1 0 -1 56 93 120
6 -9 -38 -14 -51 -75 -125 -241

OV - Multiple lanes of HS20 (unfactored)
Appropriate allowance for impact is included in live load shears.
#1 and #2 under Deck denote casts (see Table D1).
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Table D4 Load Combinations for Cross Frame Member 99 top - 100 bottom

D L+l CF W |WL | LF T Total
Group Y 22 10 -2 7 0 0 1 (kips)

-2 -9 -1

| 130 | 10 | 167 | 1.0 | 00 |00 |00 | 0.0
22 | 17 | (2 51

- 130 | 10 | 00 | 00 | 1.0 |00 |00 | 0.0
22 7 38

" 130 | 10 | 10 [ 1.0 | 03 | 10| 1.0]| 0.0
2| 10| @ 2 o| o 44

i 130 | 10 | 10 | 1.0 | 0.0 |00 |00 | 1.0
22 | 10 | (2 0 42

¥ 125 | 00 | 00 | 00 | 1.0 |00 |00 ]| 1.0
7 0 9

o 125 | 10 | 10 | 10 | 03 [10]|1.0] 1.0
22 | 10| (2| 2 0 0 43
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Table D5 Load Combinations for Cross Frame Member 99 bottom - 100 top

y D L+l | CF WIWI|LF| T Total
Group -43 1 3 15 | L 0 4 (kips)
-15 -14 | O -4
130 | 10 | 167 | 1.0 | 0.0 |00 [ 0.0 | 0.0
I -43 2 (3) -88
-25
I 130 | 10| 0.0 | 0.0 | 1.0 (0.0 | 0.0 ] 0.0
-43 -14 -74
m 130 (10| 10 | 10| 03 |10]|1.0] 0.0
-43 | -15 | (3) -4 0 -81
v 130 | 10| 10 | 1.0 | 00 |00|00 | 1.0
-43 | -15 (3) -4 -81
Vv 1251 00| 00 | 0O |10 |00|00] 1.0
-14 -4 -23
VI 125|110 10 | 10| 03 |10]|10]| 1.0
43 | 115 | (3) -4 0 -4 -83
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Table D6 Load Combinations for Cross Frame Member 97 top - 98 bottom

— ]
v D L+l | CF W | WL LF T Total
Group 11 0 -7 37 0 0 6 (kips)
-1 -37 -6
| 13 | 10| 167 | 10| 00 | 0.0 | 0.0 | 0.0
0 11 (-2) | (-7) 14
I 13 | 10| 00 | 00| 10| 00| 00| 00
0 11 37 62
il 13 | 10| 10 | 10| 03|10 | 10| 0.0
0 11 (-1 | (<7) ] 11 0 29
Y, i3 {10} 10 |10 | 00 | 00} 00} 1.0
0 11 (-1) | (-7) 6 22
Vv 125|100 | 00 | OO | 10| 00| 00| 1.0
5 37 6 54
Vi 125|110 | 10 |10} 03 |10 ]| 1.0 | 1.0
5 11 (DI D] 11 0 6 35
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Table D7 Load Combinations for Cross Frame Member 97 bottom - 98 top

" y D L+ | CF W | WL | LF T Total
Group -34 1 5 21 0 0 1 (kips)

-13 -22 -1

| 130 | 1.0 | 167 | 1.0 00 | 00O ]| 00| 0.0
-34 -22 (5) -73

I 1.30 | 1.0 0.0 0.0 1.0 | 0.0 | 0.0 | 0.0
-34 -22 -73

I 1.30 | 1.0 1.0 1.0 03 | 10| 10| 0.0
-34 -13 (5) -7 0 | 0.0 -70

Y, 1.30 | 1.0 1.0 1.0 00 |00 ]| 00| 1.0
-34 -13 (5) -1 -62

Vv 1.25 | 0.0 0.0 0.0 10 | 00| 00 | 1.0
-22 -1 -29

Vi 125 | 1.0 1.0 1.0 03 |10 10| 1.0
-34 -13 (5) -7 0 | 0.0 -1 -69
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Table D8 Load Combinations for Vertical Reaction Bearing 98

v D L+l CF WI|WL|LF| T Total
Group -443 14 0 -4 |1 0.0 100 11 | (Kips)
-204 9 -11
| 130 | 10 | 167 | 1.0 | 0.0 | 0.0 | 0.0 | 0.0
-443 | -341 0 -1,019
" 1.30 | 1.0 00 | 00 [ 1.0] 00 |00 0.0
-443 -4 -581
m 1.30 | 1.0 1.0 10 |03 | 1.0 [1.0]| 0.0
|| -443 | -204 0 -1 0 |00 -842
Y, 1.30 | 1.0 1.0 10 | 00 | 0.0 |00 ]| 1.0
-443 | -204 0 0 -11 -855
Vv 1.25 | 0.0 00 | 00 (1O 00 ]|00] 1.0
9 11 25
VI 1.25 | 1.0 1.0 10 |03 |10 |10] 1.0
_| -443 | -204 0 -1 0 0 | -11 -824
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Table D9 Load Combinations for Tangential Reaction Bearing 98

i D | L+ wlwLl|lLF| T | Total “

. 2 13 | CcF | 1 0 8 | 50 | (Kips)

P 16 | o | -1 o | 8 | -50

0

, |130] 10 [167 10|00 |00 00| 00
2 |27l 0] o 0.0 -38

g [1380| 10 |00 |00 10 00|00 00
2 | 00 -1 -4

mw | 180] 1.0 [ 10 |10 03|10 10 00
2 | 16| o]l ol of| 8| o .34

w [180| 10 | 1.0 [10] 00 |00 |00 10
2 | 16| o -50 -88

v | 125] 00 [o00 |00 10]|00|00][ 10
-1 -50 -64

vi | 125 10 | 10 [10]|03 | 10|10 10
2 | 16| ol o| o] -8 -50 .95
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Table D10 Load Combinations for Radial Reaction Bearing 98

Group | ¥ 10| 5 | 24| 121 | 30
-1 121 | -30

130 | 1.0 | 167 | 1.0 0.0 0.0
10 8 24

130 | 1.0 0.0 0.0 1.0 0.0
10 121

1.30 | 1.0 1l 1.0 0.3 1.0

0
10 5 24 36 30
IV 1.30 | 1.0 1.0 1.0 0.0 0.0 .0
10 5 24 7
V 125 | 0.0 0.0 0.0 1.0 00 | 00| 1.0
121 7 160
Vi 125 | 1.0 1.0 1.0 0.3 10 | 1.0 | 1.0
10 5 24 36 30 0 7 140
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Table D11 Selected Girder 4 Section Properties--Transversely Stiffened Web

Point Section Section Moment of Neutral Neutral D
Node Size Type Inertia Axis B Axis T °
Noncomp 101,818 42.52 43.48 42.48
" 20 x 1.0 Comp DL 181,371 6028 | 2572 | 24.72
1 84 x .5625
04 21 x 1.0 Comp DL Bars
A=88.3 in® Comp LL 242,459 73.79 12.21 11.21
Comp LL Bars
2 Noncomp 118,978 38.47 48.03 47.03
44
" 20x 1.0 Comp DL 217,079 56.44 30.06 29.06
3 84 x .5625
64 21 x 15 Comp DL Bars 126,842 39.92 46.58 38.42 |
. A=98.7 in® Comp LL 297,525 71.08 | 1542 | 14.42
76 Comp LL Bars 141,391 42.60 43.90 4110
Noncomp 168,029 41.63 4512 40.13
28 x 1.25 Comp DL
5 84 x .625
88 27x 15 Comp DL Bars 175,058 42.69 44.06 41.19
A=128.0 in® Comp LL
_ Comp LL Bars 188,290 44.68 42.07 43.18
Legend: B = tothe outermost edge of the bottom flange
T = to the outermost edge of the top flange
D. = depth of the web in compression; where two values are shown, the top value
is for positive moment and the bottom value is for negative moment.
Noncomp = steel section only
Comp DL = steel section plus concrete deck transformed using modular ratio of 3n.
Comp DL Bars= steel section plus longitudinal reinforcement area divided by 3.
Comp LL steel section plus concrete deck transformed using modular ratio of n.

Comp LL Bars

Lstiff

= steel section plus longitudinal reinforcement
= distance of the longitudinal stiffener from the top flange
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Table D11 Girder 4 Section Properties (continued)--Transversely Stiffened Web

Point Sec_:tiorT Section Momer_1t of I\]egtra| NeqtraIJ_— D —_l
Node Size Type Inertia Axis B Axis T €
Noncomp 313,872 42.56 46.94 39.56 ”
28 x 2.5 Comp DL 420,273 52.49 37.01 49.49
= 84x.625 | GompDLBars | 321,111 | 4324 | 4626 | 4024 |
A=203.5 in® Comp LL 545,757 64.17 25.33 | 61.17
Comp LL Bars 335,040 44.55 44.95 41.55 ﬂ
Noncomp 168,029 41.63 45.12 40.13 ||
17x1.0 Comp DL
. 83x 5025 | compDLBars [ 175058 | 4269 | 44.06 | 41.19 “
A=98.7 in* Comp LL "
Comp LL Bars 188,290 44.68 42.07 43.18
Noncomp 111,989 36.98 49.52 ggig
17x1.0 Comp DL 213,901 55.73 30.77 :2;;
8 84 x .5625
124 21x15 Comp DL Bars 120,277 38.51 47.99 37.01
A=95.8 in® 14.70
Comp LL 296,306 70.80 15.70 59.30
Comp LL Bars 135,575 41.34 45.16 39.84 |
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Table D11 Girder 4 Section Properties (continued)--Unstiffened Web

Point Segt-ion S;ction Momer]t of Nel_JtraI Neqtral D
Node Size Type Inertia Axis B Axis T ¢
Noncomp 126,432 41.00 45.25 44.25
20 x 1.0 Comp DL 220,250 55.93 30.32 | 29.32
| 2 [compoLom
A=119.7 in® Comp LL 306,031 69.50 16.75 | 15.75
Comp LL Bars
|| Noncomp 316,052 42.84 46.66 39.84
57 x 2.5 Comp DL 422,769 52.14 37.36 | 49.14
- SAX 5> | compDLBars | 323221 4346 | 46.04 | 40.46
A=219.0in® Comp LL 552,380 63.41 26.09 | 60.41
Comp LL Bars 337,054 44.68 _44.82 41.68 "
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Table D11 Girder 4 Section Properties (continued)--Longitudinally Stiffened Web

Point Section Section Moment of Neutral Neutral D
Node Size Type Inertia Axis B Axis T :
1o Noncomp 116,890 | 8779 | 4871 | 47.71 |
21 x1.
, Rty =3 Comp DL 214623 | 57.03 | 29.47 | 28.47 |
22x1.5 Comp DL Bars ||
i A=90.75 i’ Comp LL 290,835 | 71.93 | 1457 | 1357 |
Lstiff=18" ’ - . -
Comp LL Bars
47.71
ot Noncomp 116,890 37.79 48.71 36.29
5 84 x 4375 Comp DL 214,623 57.03 29.47 28.47
64 22x1.5 Comp DL Bars
A=90.75 in2 13.57
Lstiff=42" Comp LL 290,835 71.93 14.57
70.43
Comp LL Bars
47.71
. Noncomp 116,890 37.79 48.71 36.29
x1.
1 84 x .4375 Comp DL 214,623 57.03 29.47 55.53
22x1.5 Comp DL Bars 124,931 39.37 47.12 37.88
76 . 2
A=90.75 in 13.57
Lstiff=56 Comp LL 290,835 71.93 14.57 043
Comp LL Bars 139,710 42.30 44.20 40.80
Noncomp 163,684 41.32 45.43 39.82
29x1.25 C DL
: 84 x .4375 omp
28x1.5 Comp DL Bars 170,780 42.50 44.24 41.00
Lstiff=66"
Comp LL Bars 184,047 44.72 42.03 43.22
Noncomp 314,783 42.32 47.18 39.32
8‘2&" 423;35 Comp DL 421,112 5272 | 36.78 | 49.72
120 28 x 3.0 Comp DL Bars 322,084 43.03 46.47 40.03
H
ﬁ‘tﬁf{% ('5’,‘, Comp LL 543,850 64.69 | 2481 | 61.69
Comp LL Bars 336,106 44.41 45.09 | 41.41 “
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Sample Calculations
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Girder Stress Check Section 0-0 G4 Node 4
Transversely Stiffened Web - Shear Strength - Web

Determine the required transverse stiffener spacing in Field Section 1 of G4 according
to the provisions of Article 6.3.2. t, = 0.5625 in.

V, = CV Eq (6-4)
V. = 0.58F,Dt,
V? = C x 0.58'x 50 x 84 x 0.5625 = C x 1,370

Compute the elastic buckling coefficient C according to the provisions of Article 6.2.2.
Try a required stiffener spacing, d = 84 in, which is equal to the web depth D.
k, is determined from Eq (6-9).
k,=5+——=5+—2_ =10
(d/D)? (84/84)

Determine which equation is to be used to compute C.
D 84

t 05625

w

Ek,
1.38 | —* - 1.38 = 105 < 149

\J 29,000 x 10
i 50

Therefore, use Eq (6-7).

1.52Ek, _ 1.52 x 29,000 x 10
(it fF, (149)? x 50

= 0.40

From Table D2, the maximum factored shear within this field section is at the end
support (Section 0-0), V = 455 kips.

Vo = CV, =040 x 1,370 = 548 k > 455 k OK

Therefore, transverse stiffener spacings up to D=84 in, which is the maximum permitted
stiffener spacing according to Article 6.3, may be used in Field Section 1 of G4
(t,=0.5625 in) since there is no point within this field section where the factored shear
exceeds 455 kips. However, at Section 0-0, which is a simple end support, the spacing
of the first stiffener adjacent to the support is limited to 0.5D=42 in according to the
provisions of Article 6.3.
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The girder must be checked for steel weight and for Cast#1 of the concrete deck on the
non-composite section according to the provisions of Article 13.7. The factored steel
stresses during the sequential placement of the concrete are not to exceed the critical
stresses specified in Article 13.2. The effect of the overhang brackets on the flanges
must also be considered according to Article 13.8 since G4 is an exterior girder.

Overhang Bracket Load

Since G4 is an exterior girder, half of the overhang weight is assumed placed on the
girder and the other half is placed on the overhang brackets as shown in Figure E1.

The bracket loads are assumed to be applied uniformly although the brackets are
actually spaced at about 3 feet along the girder.

The unbraced length of the top flange is 20.5 feet. Assume that the average deck
thickness in the overhang is 10 inches. The weight of the deck finishing machine is not
considered.

Compute the vertical load on the overhang brackets.
10 in.

2 in/ft

Deck forms + Screed rail = 240 lbs/ft
Uniform load on brackets = 474 Ibs/ft

x 150 lbs/ft® = 234 Ibs/ft

Deck = % x 3.75 ft x

474 #/ft
. 375
P
—— Yy F
()
=
N
LN
F

Figure E1 Overhang Bracket Loading
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Compute the lateral force on the flange due to the overhang brackets.
3.75 ft) _ ogo

7.00 ft
F = 474 tan(28° = 252 Ibs/ft

a = arctan(

Compute the lateral flange moment due to the overhang forces in accordance with
Article 13.8. The lateral flange moment at the brace points due to the overhang forces
is negative in the top flange of G4 because the stress due to the lateral moment is
compressive on the convex side of the flange at the brace points (see Article 5.1). The
opposite would be true on the convex side of the G1 top flange at the brace points.

0.08 x 252 x 20.52
it = 0.08F¢ =
1,000

From Table D1, the moment due to the steel weight plus Cast #1 is 661+3,932=4,593
k-ft. The load factor for constructibility checks is 1.4 according to the provisions of
Article 3.3. Using the section properties for the transversely stiffened web design from
Table D11, the vertical bending stress, f,, in the top flange is computed as:

_ 4,598 x 12 x 48.08
118,978

M = -8.5 k-t Eq (C13-1)

foona = To 1.4 = -31.15 ksi

top flg

Top flange: 20 inx 1in; S = %(1)(20)2 = 66.7 in®

As defined in Article 5.2.1, f_ is the factored lateral flange bending stress at the critical
brace point due to effects other than curvature.

f - 85x12 _ ;&4 40 Load Factor = 1.4

" 66.7 ¢
-1.58 x 1.4 = -2.14 ksi, f—"‘ = 0.07 (the ratio is positive)

b
Check the non-compact condition for constructibility according to Article 13.2. The top
flange size is constant between brace points in this region. Atticle 5.1 specifies that f,
be taken as the largest factored average flange stress at either brace point when
checking the strength of | girder flanges. The section under investigation is not located
at a brace point. In positive-moment regions, the largest value of f, may not
necessarily be at either brace point. Generally though, f, will not be significantly larger
than the value at adjacent brace points, which is the case in this example. Therefore,
the computed value of f, at Section 2-2 will be conservatively used in the strength
check. The approximate Eq (4-1) is used below to compute the lateral flange bending

f

m

I
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moment due to curvature. Eq (4-1) assumes the presence of a cross frame at the point
under investigation and that M is constant over the distance between brace points.
Although the use of Eq (4-1) is not theoretically pure at locations in-between brace
points, it can conservatively be used.

_ §M02 _ 64,593 x 20.5°

' 5RD 5 717 x 84

The lateral flange moment at the brace points due to curvature is negative in the top
flange of all four girders whenever the top flange is subjected to compression because

the stress due to the lateral moment is compressive on the convex side of the flange at
the brace points. The opposite is true whenever the top flange is subjected to tension.

- -38.46 Kk-ft Eq (4-1)

My = -38.46 + (-8.5) = -46.96 k-ft

f, is defined as the sum of f and the factored lateral flange bending stress due to
curvature, f.

f = 2696 X 12 _ g 45 isi; K| < 0.5F, = 25.0 ksi OK Eq (5-1)
66.7 4
f, +f, = -31.15 + (-8.45) = -39.60 ksi
Since f,, exceeds 0.33F, = 16.5 ksi:
£ /4, < 0.5 Eq (5-2)
£/, | = 8.45/31.15 = 0.27 < 0.5 OK

In order to limit the factored stress to the yield stress during construction, Article 5.2.2
must be used.

I:cr1 = |:bspbpw Eq (5'8)
F
Foo = F,(1-8V) A= l% —y Eq (5-5)

b, is to be taken as 0.9b, in computing A if the section is not doubly symmetric (Article
5.2.1).

)\=120.50x12 50 - 0.18
m 0.9 x20 Y\ 29,000
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F,, = 50.0 x [1-3(0.18)7] = 45.14 ksi

Compute the p factors according to the provisions of Article 5.2.2.

Py = L = L = 0.74
;. L 120 2050 2050 x 12
R b, 717 20
o = — L - : - 1.06
LY PR /1 R _07(1 _ 2050 x 12]
f, 75b, 75 x 20
120
bf
0.95 + ’
30 + 8,000[0.10 : i)
_ R
pw2 = f
1 + 0.60 (—"‘)
fb
20.50 x 12
0.95 + 20 _
30 + 8,000 X (0.10 - 39@)
- LAV 1,08
1 + 0.60 x 0.07

PP, = 0.74 x 1.06 = 0.78

F, = 45.14 x 0.78 = 35.21 ksi
Fez = F,- Il Eq (5-9)
F_, = 50-8.45 = 4155 ksi > F_, = 35.21 ksi

F, = 35.21 ksi

'-‘3:351_—'21151 - 0.88 < 1.00 OK
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Check the width-to-thickness ratio of the top flange:

b
> 102 |—E
t f, + 1)

1.02.| 22:000 _ 5760 > 23
39.60

X |
2t .20 _ 50 <23 0K

< 23

Check Eq (5-3):
0 < 25b; < R/10
20.50(12) = 246 in < 25(20) = 500 in OK

20.50 ft < 717/10 = 71.7 ft OK
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Girder Stress Check Section 2-2 G4 Node 44
Transversely Stiffened Web - Constructibility - Web

The girder must be checked for the steel weight and for Cast#1 of the concrete deck
acting on the non-composite section.

Load Moment (k-ft)
Steel 661 Table D1
Cast #1 3,932 Table D1

Total Moment 4,593
Constructibility Load Factor = 1.4 according to the provisions of Atticle 3.3.

Using the section properties for the transversely stiffened web design from Table D11,
compute the vertical bending stress at the top of the web for constructibility.

_ 4,593 x 47.03
tpweb ~ 148 978

f x 12 x 1.4 = -30.50 ksi

As specified in Article 13.2, critical stresses in girder webs for constructibility are to be
determined according to the provisions of Article 6.

Compute the critical web bend buckling stress according to Article 6.3.1 because the
web is transversely stiffened.

2

F, - O9Ek . ¢, k=9|2| »72 Eq (6-8)

D & D,

t,

2
k=9x|-8%| -2871>720K
47.03
F_ - 09x29,000 X 2871 _ g5 i
84 |2
0.5625
1-80.501 _ g 91 < 1.00 OK
33.60

The bottom flange is not critical for constructibility in this case.
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Girder Stress Check Section 2-2 G4 Node 44
Transversely Stiffened Web - Constructibility - Deck

Check the deck tensile stress at this section in Span 1 due to Cast #2 according to the
provisions of Article 13.3. Moment due to Cast#2 = -3,035 k-ft from Table D1. This
section is checked since it lies within the Cast #1 composite section, which is 100 feet
long and assumed to be hardened for Cast #2. Assume no creep: n = 7.56.

= _3,035 X 27.42 X 12 x 1.4 = 0.62 ksi

dEck 297,525 7.56

Compute the deck stress considering creep: 3n = 22.68.

_ 3,035 x4206 12 . 044 ks

deck 217,079 22.68

Because the calculated tensile stress in the deck based on the modular ratio of n is
larger than the stress based on 3n, Article 13.3 specifies that n be used to compute
stresses in the concrete due to factored construction loads, although the actual stress is
probably somewhere between these two values. Article 13.3 further states that
whenever the tensile stress in the deck exceeds 0.9 times the modulus of rupture
defined in AASHTO Article 8.15.2.1, longitudinal reinforcement equal to at least one
percent to the total cross-sectional area of the deck must be placed in the deck
according to the provisions of Article 2.4.3. Assume the compressive strength of the
hardened concrete from Cast #1 is 3,000 psi at the time Cast #2 is made. The modulus
of rupture is:

= sy = TSB0 o
1,000

0.9f = 0.9(0.41) = 0.37 ksi < 0.62 ksi

Therefore, one percent longitudinal reinforcement is required at this section. The
reinforcement is to be No. 6 bars or smaller, spaced at not more than 12 inches. Article
2.4.3 also requires this reinforcement wherever the tensile stress in the deck due to the
overload defined in Article 3.5.4 exceeds 0.9f . For this case, the computed dead load
stress in the deck is unfactored.

The concrete stress could be lowered by modifying the placement sequence.
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Girder Stress Check Section 2-2 G4 Node 44
Transversely Stiffened Web - Strength - Top Flange

The section will be checked for strength for the Group | load combination in the
following computations.

Check the top flange at this section for strength according to the provisions of Article
5.4 because the flange is continuously braced after the deck has hardened. Cross
sectional properties are given in Table D11.

Load Moment
Steel 661 k-ft Table D1
Deck 2,682 k-ft Table D1
Total Non-composite 3,343 k-ft
Superimposed DL 1,093 k-ft Table D1
Live load HS25 3,968 k-ft Table D1

Superimposed dead load includes the future wearing surface. Live load is due to three
lanes of HS25 lane load plus the appropriate centrifugal force effects specified in Article
3.5.2. Impact has been applied to the live load according to Article 3.5.6.1. The
overturning effect of the centrifugal force has been considered by increasing the
exterior wheel load and decreasing the interior wheel load in each lane, as computed
on pages 199 through 201. Although centrifugal force need be considered only for
truck loads, the vertical effect also has been conservatively included for lane load in this
example. The live loads were also multiplied by 0.90 in the analysis to account for the
probability of multiple presence, as specified in AASHTO Article 3.12.

Compute the factored vertical bending stress in the top flange due to dead and live
load.

_[3:343 x 48.03 _ 1,093 x 30.06 , 3,968(5/3) x 15.42
top fig 118,978 217,079 297,525

=-28.76 ksi

f x12x13

F, = F, = 50 ksi

|-28.76|
50.0

= 0.58 < 1.00 OK

According to the provisions of Article 5.4, lateral flange bending need not be considered
after the deck has hardened.
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Girder Stress Check Section 2-2 G4 Node 44
Transversely Stiffened Web - Bending Strength - Web

Check the web strength at this section according to the provisions of Article 6.3.1.

Compute the factored vertical bending stress at the top and bottom of the web due to
dead and live load.

. 3,343 x 47.03 _ 1,093 x 29.06 _ 3,968(5/3) x 14.42] A N

fFPIgeE = [ 118,978 217,079 297,525

foot et = 3,343 x 36.97 _ 1,093 x 54.94 , 3,968(5/3) x 69.58 x 12 x 1.3
118,978 217,079 297,525

= 44.65 ksi < F, OK

Locate D, using the accumulated factored web stresses according to the provisions of
Article 6.1.

oy !
D, = D top web - 84 x [ £7.80 ) - 32.30 in
oot waol * Fop wesl 44.65 + 27.90

Compute the critical stress according to Article 6.3.1.

2
Fo= 2K cFik=9 (-D—] > 7.2 Eq (6-8)
b

2
K = 9x(—84——] - 60.87 > 7.2 OK

32.30
L= 0.9 x 29,000 x260.87 - 71.94 ksi
84
0.5625
71.24 > 50.0 ksi, therefore, F, = 50.0 ksi
[-27.90I

= 0.56 < 1.00 OK
50.0
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Girder Stress Check Section 2-2 G4 Node 44
Transversely Stiffened Web - Strength - Bottom Flange

Check the bottom flange strength at this section according to the provisions of Article
5.3.

Compute the factored bottom flange vertical bending stress due to dead and live load.

. _[3343x3847 1,008 x 56.44 , 3,968(5/3) x 71.08
botfig 118,978 217,079 297,525

Compute the lateral bending stress at the cross frame due to curvature, f,, by the V-
load method Eq (4-1) (see earlier discussion regarding the use of this equation at this
section, page 102).

2 2
.S M 8, Mx 20508 _ 50084M

@ 5 RD 5 717 x 84

X 12 x 1.3 = 45.94 ksi

-
o,

oa Mlat
Steel + Deck = 0.0084 x 3,343 k-ft =28.1 k-ft
Superimp DL = 0.0084 x 1,093 k-ft =_ 9.2 k-ft

DL M, = 37.3 k-ft
LL M,, = 0.0084 x 3,968 k-ft = 33.3 k-ft

The lateral flange moment at the brace points due to curvature is positive in the bottom
flange of all four girders whenever the bottom flange is subjected to tension because
the stress due to the lateral moment is tensile on the convex side of the flange at the
brace points (see Article 5.1). The opposite is true whenever the bottom flange is
subjected to compression.

Compute the section modulus of the bottom flange plate, 1.5 x 21 in, about a vertical
axis in the plane of the web.

b2t 2
g - 7t 21 x 1.50= 110.3 in3
6 6

Compute the total factored lateral flange bending stress.
il = 37.3 + 33.3(5/3)
v 110.3

Since there are no other sources of lateral flange moment in this case, f_, = 0. Thus,
f=0+f,=f,.

x 12 x 1.3 = 13.12 ksi

f, < 0.5F, Eq (5-1)
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13.12 ksi < 0.5(50) = 25 ksi OK

Since f, exceeds 0.33Fy = 16.5 ksi:

ks, < 0.5 Eq (5-2)
F/f | = 13.12/45.94 = 0.29 < 0.5 OK

Fop = F, - o8 Eq (5-11)
er2 y 3 q

50.0 - Ls‘z - 45.63 ksi

4594 _ 101 « 1.00 Say OK

Eq (5-10) is not critical because the product of the p values exceeds 1.0, but is limited
to 1.0 in Article 5.2.1. Therefore, F , = F, according to Eq (5-10), which is greater

than F_,.

110
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Girder Stress Check Section 2-2 G4 Node 44
Transversely Stiffened Web - Fatigue - Bottom Flange

Check the fatigue stress in the bottom flange at this section according to the provisions
of Article 3.5.7 and 9.6.2. The fatigue design life is 75 years.

Base metal at transverse stiffeners must be checked for Category C' (refer to Table
6.6.1.2.3-1 of AASHTO LRFD). It is assumed that stiffener-connection plates are fillet
welded to the bottom flange. Thus, the base metal at the top of the bottom flange
adjacent to the weld must be checked for Category C'. It is further assumed that the
75-year ADTT in a single-lane will exceed the value of 745 trucks/day for a Category C'
detail above which the fatigue strength is governed by the constant-amplitude fatigue
threshold (refer to Table C6.6.1.2.5-1 in AASHTO LRFD).

One factored fatigue vehicle is to be placed at critical locations on the deck per the
AASHTO LRFD fatigue provisions. According to the provisions of Article 3.5.6.3, the
impact allowance is 0.15. One-half of the fatigue threshold is specified as the limiting
stress range for this case since it is assumed that at some time in the life of the bridge,
a truck loading of twice the magnitude of the factored fatigue truck will occur. By using
half of the fatigue threshold, twice the factored truck is actually considered. According
to the provisions of Article 4.5.2 and Article 9.6.1, uncracked concrete section
properties are to be used for fatigue checks.

-431 k-ft Table D1
1,177 k-ft Table D1
1,608 k-ft

M

min
max

range

According to AASHTO LRFD Article 6.6.1.2, the limiting stress range for Category C' =
6 ksi for the case where the fatigue strength is governed by the constant-amplitude
fatigue threshold. The value of 6 ksi is equal to one-half of the fatigue threshold of 12
ksi specified for a Category C' detail in Table 6.6.1.2.5-3 of AASHTO LRFD.

Compute the range of vertical bending stress at the top of the bottom flange:

_ 1,608 x (71.08 - 1.50)
range 297,525

The lateral flange bending stress in the flange at the connection plate must be
considered since the stiffeners are welded to the tension flange (Article 9.6.2). Assume
that the connection plates are 6 in wide.

f X 12 = 4,51 ksi

Compute the lateral flange bending stress range at the top of the bottom flange due to
curvature. Compute the lateral flange moment of inertia.
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1

., = — x21®x 1.5 = 1,158 in*
12

fig
Compute the range of lateral flange moment at the connection plate.

_ 6M® _ 61,608 x 20.5°

ot = = 13.46 k-ft
5RD 5 717 x 84

Compute the stress range due to lateral flange bending at the edge of the connection
plate.

¢ =6 +.5625/2 =6.3in
_ 13.46 x 6.3

at = x 12 = 0.88 ksi
1,158
Total stress range =4.51 + 0.88 = 5.39 ksi
539 _ 0.90 < 1.0 OK
6.0
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Transversely Stiffened Web - Fatique - Shear Connectors

Determine the required pitch of the shear connectors for fatigue at this section
according to the provisions of Article 7.2.2.

The fatigue threshold for one stud shear connector in kips, Z,, is defined in AASHTO
LRFD Article 6.10.7.4.2 as (5.5/2)d>.

Use: 3 - 6" x 7/8"¢ studs/row.

Fatigue threshold for one 7/8"¢ shear stud = (5.5/2) x 0.875% = 2.105 kips
Fatigue threshold for 3 such shear connectors/row =nZ =3 x 2.105

= 6.315 kips/row

From Table D1, the bending shear range due to one factored fatigue truck = 15 +
I-15] = 30 kips.

According to the provisions of Article 4.5.2, the entire deck cross sectional area is
assumed to be effective. Deck thickness, t = 9.0 in. Modular ratio n equals 7.56.

Effective deck width = (—121 + 3.75) x 12 = 111 in

Transformed deck area = Area 1M1 x9 132.1 in®

n 7.56

Compute the first moment of the deck with respect to the neutral axis of the uncracked
live load composite section.
Determine the distance from the center of the deck to the neutral axis.
Section properties are from Table D11.
Neutral axis of the section is 15.42 in from the top of the steel.
Moment arm of the deck = Neutral axis - t,; + haunch + ty,/2
Moment arm =15.42in-1.0in +4.0in +9in/2 =22.92 in

Compute the longitudinal fatigue shear range, V..

Q = 132.1 x 22.92 = 3,028 in®

v - Vva _ 30x3028
fat | 297,525

= 0.31 K/in

Compute the radial shear range, F,,, due to the factored fatigue vehicle by the two
methods specified in Article 7.2.2.
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Method 1

Use the cross frame forces from the 3D analysis to compute F, from Eq (7-13):

Cross frame force range due to the factored fatigue vehicle (from separate
calculations):
Force range in cross frame diagonal going from bottom of G3 to top of G4
F=+5.6+1-12|=6.8k
Diagonal forms a 33-degree angle from the horizontal.
Horizontal component of force = cos 33°x 6.8 k=5.7 k
Force range in top chord = +0.9 + [-0.2l = 1.1 k
Top chord force acts in opposite direction to the horizontal component in the
diagonal.
Therefore, the net range of force transferred from the cross frame to the top
flange is Feg.
For=57k-11k=4.6k

According to the provisions of Article 7.2.2, compute the radial force according to Eq (7-
13). According to Article 7.2.2, the effective length of deck w = 48 inches at an interior

section.

F
Frg = — Eq (7-13)
w
4.6 .
Ffat S 28— = 010 k/ln
Method 2

Use the V-load assumption to compute F,,, due to curvature from Eq (7-12):

Compute the radial component of the fatigue shear range due to curvature, F;,
according to the V-load assumption, as specified in the provisions of Article 7.2.2.

Use the range of fatigue moment 1,608 k-ft (computed earlier, page 111) to compute
the bottom flange stress range at the mid-thickness of the flange.

A, Ol
w BN Eq (7-12)

f
at wR
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_ 1,608 x (71.08 - 0.75) 4,
flg 297,525

= 4.56 ksi

0=20.5 ft; A, = 31.5in% R=717 ft

_ 31.5 x 4.56 x 20.5
. 48 x 717
The above value compares well with 0.10 k/in calculated by Method 1.

F = 0.09 k/in

This similarity can be interpreted to indicate that all of the torsion is due to curvature.
If other sources of torsion were present, such as skew, the radial shear range
computed from the net range of cross frame force would be significantly greater than
the radial shear range due to curvature computed according to the V-load assumption.

Using the radial component of shear range from Method 1, compute the net range of
shear for fatigue.

The positive and negative longitudinal shears due to vertical bending are due to the
factored fatigue vehicle located in Span 1 with the back axle on the left and then on the
right of the point under consideration. This means that the truck actually has to turn
around to produce the computed longitudinal shear range. The positive and negative
radial shear ranges are produced by loading first in Span 1 and then in Span 2. Again,
this is not a realistic loading case to combine with the longitudinal shear case, but has
been done to be practical and to be conservative.

Vsr = V\'ffat2 M Ffat2 Eq (7-11)

V,, = y/0.312 + 0.10 = 0.33 k/in

Compute the required shear connector pitch for fatigue for 3 studs per row.

Although not illustrated here, the number of shear connectors that is provided must also
be checked for ultimate strength according to the provisions of Article 7.2.1. An
ultimate strength check for shear connectors is illustrated later in this example.
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Determine the required pitch of the shear connectors at this section (Section 3-3)
according to the fatigue provisions of Article 7.2.2.

Compute the first moment of the deck with respect to the neutral axis of the uncracked
live load composite section.
Section properties are from Table D11.
Determine the distance from the center of the deck to the neutral axis.
NA is 15.42 in from the top of the steel.
Neutral axis - flange thick. + haunch + deck thickness/2
15.42-1.0+4.0+9/2=22.92 in.
Bending shear range due to the factored fatigue vehicle = +5 +|-26l
= 31 kips (Table D1).

Compute the longitudinal fatigue shear range, V..

Q = 132.1 x 22.92 = 3,028 in®
v. . va _ 31x3028
fat ~ -
| 297,525

Compute the radial shear range due to the factored fatigue vehicle by the two methods
specified in Article 7.2.2.

= 0.32 k/in

Method 1
Use the cross frame forces from the 3D analysis to compute F,,, from Eq (7-13):

Cross frame force range due to the factored fatigue vehicle (from separate
calculations):
Force range in cross frame diagonal going from bottom of G3 to top of G4
F=+1.2+1-43/=5.5Kk
Diagonal forms a 33-degree angle from the horizontal.
Horizontal component of force = cos 33°x 5.5 k=4.6 k
Force range in top chord = +0.2 + -0.91 = 1.1 k
Top chord force acts in opposite direction to the horizontal component in the
diagonal.
Therefore, the net range of force transferred from the cross frame to the top
flange is Fq.
Fr=4.6-1.1=35Kk

According to the provisions of Article 7.2.2, compute the radial force according to Eq (7-13).
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Girder Stress Check Section 3-3 G4 Node 64
Transversely Stiffened Web - Fatigue - Shear Connectors

According to Article 7.2.2, the effective length of deck w = 48 inches at an interior
section.

F
Fp = % Eq (7-13)
Fp - i;i - 0.07 Kiin
Method 2

Use the V-load assumption to compute F,,, due to curvature from Eq (7-12):

Moment range due to the factored fatigue vehicle = 1627 | + 966 = 1,593 k-ft (from
Table D1). Use the range of fatigue moment 1,593 k-ft to compute the bottom flange
stress range at the mid-thickness of the flange.

A, O, (
Ffat - -b\{:—F;Ig Eq (7-12)
6. - 1598 x (71.08 - 0.75) | 45 _ 450 si
fig 297,525 ‘

0=205ft A, =315 R=717ft

31.5 x 4.52 x 20.5
48 x 717
The above value compares well with 0.07 k/in calculated by Method 1.

Fr - = 0.08 k/in

This similarity can be interpreted to indicate that all of the torsion is due to curvature.
If other sources of torsion were present, such as skew, the radial shear range
computed from the net range of cross frame force would be significantly greater than
the radial shear range due to curvature computed according to the V-load assumption.

Using the radial component of shear range from Method 2, compute the net range of
shear for fatigue.

Vsr = vaat2 & Ffat2 Eq (7'11)

V,, = 0.322 + 0.082 = 0.33 k/in
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Girder Stress Check Section 3-3 G4 Node 64
Transversely Stiffened Web - Fatigue - Shear Connectors

Compute the required shear connector pitch for fatigue for 3 studs per row.

Although not illustrated here, the number of shear connectors that is provided must also
be checked for ultimate strength according to the provisions of Article 7.2.1. An
ultimate strength check for shear connectors is illustrated later in this example.
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Girder Stress Check Section 6-6 G4 Node 100
Transversely Stiffened Web - Strenath - Top and Bottom Flange

Check the top and bottom flange for strength at this section according to the provisions
of Article 5. The section will be checked for the Group | load combination in the
following computations.

Load Moment (k-ft)
Steel -1,917 Table D1
Deck -7,272 Table D1
Total non-composite -9,189
Superimposed DL -3,015 Table D1
Live load HS25 -6,155 Table D1

Top Flange

Check the top flange according to the provision of Article 5.4 since the flange is
continuously braced after the deck has hardened. Compute the vertical bending stress
in the top flange. For loads applied to the composite section, assume a cracked
section, as specified in Article 4.5.2. Section properties are from Table D11.

f

ot = -9,189 x 46.94  -3,015 x 46.26| _ | -6,155(5/3) x 44.95 x 12 x 1.3 = 49.68 ksi
313,872 321,111 335,040

49.68

F = 0.99 < 1.00 OK

= Fy = 50.0 ksi;

cr

According to the provisions of Article 5.4, lateral flange bending need not be considered
after the deck has hardened.

Bottom Flange

Compactness check

Compute the allowable width-to-thickness ratio of the bottom flange according to Article
5.2.1.

b

Tf - 27 _ g < 18, therefore the flange is compact.

f

The flange size is constant between brace points. The largest vertical bending stress,
f,, between brace points is at this section. The factored vertical bending stress is
calculated as:
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¢ _[-e189x4256 , -3,015x43.24l . [—6,155(5/3)x44.55 T L I g

botflg — 1" 313,872 321,111 335,040

Compute the critical stress for the bottom flange according to Article 5.2.1.
I:cr1 = I:bs B;p_w Eq (5-4)

Fpe = F(1-3)3) Eq (5-5)

o [ 12 5=120.50x12| 50 _ .13
mi b E m 09x27 Y\ 29,000

b, is taken as 0.9b; in computing A if the section is not doubly symmetric.

F,, = 50.0 x [1-3(0.13)7] = 47.47 ksi
— 1

Pp = =
1. 2 (1+ 32] (-“- - 0.01)
R

bf bf
oy = 1 ~ - 0.99
;. 12x2050(, . 2x2050) , (2050 _
27 |\ 27

Since there is no lateral flange bending other than that due to curvature, f, = 0.0

. [0.3-1.2%%]
0.95+18(0.1——é) sm f

Py =
Py ?
y
| \ (0.3—1.2 X 20‘50x20'50]
Py = O.95+18(0.1—M) +0 x D7 __27 ;. 1.04
717 0 99[ 47.47]
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Girder Stress Check Section 6-6 G4 Node 100
Transversely Stiffened Web - Strength - Top and Bottom Flange

0y P, = 0.99 x 1.04 = 1.03
But p—bp_W <=1.0 - 9—wa = 1.0
F_, = F..0pP, = 47.47 x 1.0 = 47.47 ksi

Ifbot fig | _ |-47.05]
F 47 .47

cri

= 0.99 < 1.00 OK

Compute the lateral flange bending stress at the cross frame due to curvature, f,, by
the V-load method Eq (4-1).

2 2
M, = & ME _ 6 Mx 2050 _ gog4m Eq (4-1)
5 RD 5 717 x84

Load M, (k-ft
Steel + Deck = 0.0084 x (-9,189) = -77.2
Superimp DL = 0.0084 x (-3,015) =_ -25.3
DL M, =-102.5
LL M, = 0.0084 x (-6,155) = -51.7

Compute the section modulus of the bottom flange plate about a vertical axis in the
plane of the web.

Sbatty = % x 3 x 272 = 364.5 in®

Compute the total factored lateral flange bending stress.

_[-102:5 - 51.7(5/3)
g 364.5

x 12 x 1.3 = -8.07 ksi

Since there are no other sources of lateral flange bending moment other than
curvature, f =0.0 Thus, f,=f,.
k| < 0.5F, Eq (5-1)
|-8.07 | ksi < 0.5(50) = 25 ksi OK
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Since f, exceeds 0.33F, = 16.5 ksi:

£/t | < 0.5 Eq (5-2)
It /f,| = 8.07/47.05 = 0.17 < 0.5 OK

A
Fep = Fy - iy Eq (5-6)
50 - 1897l _ 4731 ksi<F,, :F,-F,, -47.31 ks

1-47.051 _ 499 < 1.00 OK
47.31

Separate calculations indicate that Eq (5-3) is also satisfied.

122
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Girder Stress Check Section 6-6 G4 Node 100
Transversely Stiffened Web - Overload - Bottom Flange

The live load for overload is multiple lanes of HS20 in this example.

The unfactored HS20 live load moment plus impact at this section is -4,924 k-ft (from
Table D1). According to the provisions of AASHTO Article 10.57, the dead load factor
is 1.0 and the live load factor is 5/3 for overload.

The unfactored lateral flange moment due to DL is -102.5 k-ft as given on page 121.
Compute the live load lateral flange moment due to curvature with the V-load equation
(see page 121) along with the factored lateral flange stress.

M, = 0.0084 x (-4,924) = -41.4 k-ft

¢ . -1025+(-41.4 x 5/3) _
v 364.5

2 = -5.65 ksi

Compute the bottom flange stress due to vertical bending.
According to the provisions of Article 9.5, assume the section is uncracked for loads
applied to the composite section.

oty = -9,189x42.56 , -3,015x52.49 -4,924(5/3)x64.17 x12 = -31.05 Ksi
313,872 420,273 545,757

According to the provisions of Article 9.5, the vertical bending stress at overload in a
partially braced compression flange must be less than F_ determined from Eq (5-8) of
Article 5.2.2.

Fert = FosPoPu Eq (5-8)
Use F,, = 47.47 ksi from the previous calculation given on page 120. Since there is
no other lateral flange bending other than that due to curvature, f_=0.0.

1 1
pb = = =]
1+ 12 1 + 20.5x12 x 20.5

R b, 717 27

0.79

O = 1 - . -1.00

g fmf g 120) o[ 1-12x205
f; 75b, 75x27
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Girder Stress Check Section 6-6 G4 Node 100
Transversely Stiffened Web - Overload - Bottom Flange

120

bf
0.95 +
0 2
30 +s,ooo( 0.1 _E)
Pw2 = ;
1 + 0.6(—"‘]
) fb
12x20.5
0.95 + 27 a
30+8,000x(0.1 %]
- =0.97
Pue 1 + 0.6x0

Therefore, p,, = 0.97; smaller of p,, or p,,

0.77

P,P, = 0.79 x 0.97

Foq = 47.47 x 0.77 = 36.55 ksi

1-81.051 _ 45 < 1.00 OK
36.55

Since the top flange is continuously braced at overload, the vertical bending stress in
the top flange is limited to 0.95F, according to Article 9.5 (calculations not shown). For
partially braced tension flanges, the vertical bending stress is limited to the critical

stress given by Eq (5-8).

Although not illustrated here, the web must also be checked at overload to ensure that
the maximum compressive stress in the web does not exceed the bend-buckling stress
(Article 9.5). The composite section is assumed to be uncracked in this check. Web
checks for overload are illustrated elsewhere in this example.
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Girder Stress Check Section 6-6 G4 Node 100
Transversely Stiffened Web - Fatigue - Top Flange

Fatigue of the base metal at the bottom of the top flange adjacent to the bearing
stiffener/connection plate weld to the flange at this section will be checked for Category
C'. Stresses are computed using the factored fatigue vehicle defined in Article 3.5.7.1.
The vehicle is placed in an adjacent span to create a negative moment and in the third
span to create a positive moment at this section.

1-954] k-ft Table D1
251 k-ft Table D1
1,205 k-ft

M

min
max

range

According to the provisions of Article 5.4, the lateral flange bending stress in the top
flange is assumed to be zero since the top flange is considered continuously braced
after the deck has hardened. According to the provisions of Article 4.5.2, uncracked
concrete section properties are to be used for the fatigue checks.

_ 1,205 x (25.33 - 2.5)

frat = X 12 = 0.60 ksi
545,757
One-half of the fatigue threshold for Category C' = 6 ksi, as discussed previously.
0.60

— =01<10 OK
6
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Girder Stress Check Section 6-6 G4 Node 100
Transversely Stiffened Web - Shear Strength - Web

Determine the required transverse stiffener spacing in Field Section 2 of G4 according
to the provisions of Article 6.3.2.

The maximum factored shear within this field section is at the pier (Section 6-6),
V = 645 kips per Table D2.

t = 0.625 in.
Vg = CV, Eq (6-4)
V, = 0.58F Dt, = 0.58 x 50 x 84 x 0.625 = 1,523 k

Try a required spacing d=84 in, which is equal to the maximum permissible spacing of
D specified in Article 6.3.

D)2 84)2
k =5 +5|=| =5 +5]22| =10 Eq (6-9
" (d] »(84] q (6-9)
_D_ = _84_ =134
t, 0.625
Ek
1.38 | =¥ - 1.38\jw - 105 < 134
F, 50
1.52Ek
) w _ 1.52 X 29,000 X 10 _ ( 4o Eq (67)
—| E ——| x50
t, y 0.625
V,, = CV, = 0.49 x 1,523 = 746 k > 645 k OK Eq (6-4)

Therefore, transverse stiffener spacings up to the maximum permitted spacing of D=84
in may be used in Field Section 2 of G4 (t,,= 0.625 in).
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Girder Stress Check Section 6-6 G4 Node 100
Transversely Stiffened Web - Bending Strength - Web

Check the web strength at this section according to the provisions of Article 6.3.1. Use
the moments from Table D1 and the section properties from Table D11. The composite
section is assumed cracked for this condition according to the provisions of Article
4.5.2. Compute the factored vertical bending stress at the top and bottom of the web
due to dead and live load.

t =0.625 in
fop vap =| 21894444 -3,015x43.76| , -6.155(5/3) x42.45 |, 15, 1 3 - 46,98 ksi < F, OK
| 313,872 321,111 | | 335,040
(o -|-9.189x30.56  -3,015x40.24] [ -6,155(5/3) x 4155, 15, 1 3 - _43.81 kei
| 313,872 321,111 | | 335,040

\
D, - 84| 4381 - 40.53 in
|-43.81| + 46.98,

2 2
k=90 B| -o00 -8_| -387>720K
D 40.53

[o]

F_ - 0.9EK _ 0.9 X 29,000 X 387 _ cc o5 ksi » 50 ksi Eq (6-8)
D)? _84 )"
D, 0.625
» Fg = 50 ksi
1-43.811 _ 585 - 1.00 OK
50.00
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Girder Stress Check Section 6-6 G4 Node 100
Transversely Stiffened Web - Fatigue - Shear Connectors

Determine the required shear connector pitch for fatigue at this section according to the
provisions of Article 7.2.2.

Compute the first moment of the deck with respect to the neutral axis of the uncracked

live load composite section.

Determine the distance from the center of the deck to the neutral axis.

NA is 25.33 in. from the top of the steel (Table D11).

Neutral axis - flange thick. + haunch + deck thickness/2
25.33-2.5+4.0+9/2=31.33in.

Bending shear range due to the factored fatigue vehicle = +2+|-41| = 43 kips from Table

D1.
Compute the longitudinal fatigue shear range, V..

Q = 132.1 x 31.33 = 4,139 in?®

V.. - VQ _ 43 x 4,139 _ 0.33 K/in

fat | 545,757

Compute the radial shear range, F,,. due to the factored fatigue vehicle by the two
methods specified in Article 7.2.2.

Method 1
Use the cross frame forces from the 3D analysis to compute F,,, from Eq (7-13):

Cross frame force range due to the factored fatigue vehicle (from separate
calculations):

Force range in cross frame diagonal going from bottom of G3 to top of G4
F=+08 +1-53=6.1k

Diagonal forms a 33-degree angle from the horizontal.

Horizontal component of force = cos 33° x 6.1 = 5.1 k.

Force range in top chord = +0.2 + 1-0.6/ = 0.8 k

Top chord force acts in opposite direction to the horizontal component in the
diagonal.

Therefore, the net range of force transferred from the cross frame to the top
flange is Fg.

Fcp=5.1-0.8=4.3k

According to the provisions of Article 7.2.2, compute the radial force according to Eq (7-13).
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According to Article 7.2.2, the effective length of deck w = 48 inches at an interior
section.

F
F - _Vg;ﬂ Eq (7-13)
F,, = ‘;—: - 0.09 K/in
Method 2

Use the V-load assumption to compute F, due to curvature from Eq (7-12):

Use the range of fatigue moment 1,205 k-ft to compute the bottom flange stress range
at the mid-thickness of the flange.
AbotTrig!
= Eq (7-12
fat wR q ( )

_ 1,205 x (64.17 - 1.5)

Oy x 12 = 1.66 ksi
9 545,757

0=205ft A,,=81in R=717 ft

_ 81 x1.66 x 20.5
- 48 x 717
The above value compares well with 0.09 k/in calculated by Method 1.

= 0.08 k/in

This similarity can be interpreted to indicate that all of the torsion is due to curvature.
If other sources of torsion were present, such as skew, the radial shear range
computed from the net range of cross frame force would be significantly greater than
the radial shear range due to curvature computed according to the V-load assumption.

Using the radial component of shear range from Method 1, compute the net range of
shear for fatigue.

Vsr 3 vaat2 + Ffat2 Eq (7'11)

V,, = 0.33% + 0.09? = 0.34 kf/in
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Compute the required shear connector pitch for fatigue for 3 studs per row.
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Girder Stress Check G4 Span 1
Transversely Stiffened Web - Strength - Shear Connectors

Compute the number of shear connectors required for ultimate strength between the
end of the girder in Span 1 and the point of maximum positive live load moment in Span
1 according to the provisions of Article 7.2.1.

Shear connectors are 6 inches long x 7/8" in diameter.
Compute the ultimate strength of one shear connector.
H/d = 6.0/0.875 = 6.86 > 4.0; Use: AASHTO Eq (10-67).
S, = 0.4d 2\/1‘0’_E; < 60,000A, AASHTO Eq (10-67)

(note: the upper limit of 60,000 A, in the above equation will be incorporated in a
future Interim to the Standard Specifications and is included here.)

A . 1(0.875)

SC

E. = 3.6 x 10° psi

_ 0.4 x 0.875%/4,000 x 3.6 x 10°
1,000

= 0.6 in?

192
c
|

= 37 kips > 60(0.6) = 36 kips

w
c
Il

36 kips
Compute the critical longitudinal force according to the provisions of Article 7.2.1.

The distance L, between the point of maximum positive live load moment and the end
support is 73 feet.

According to Article 4.5.2, the entire width of deck is assumed effective. Although G4 is
an exterior girder with an overhang less than half of the girder spacing, the width of the

deck is assumed to be equal to the girder spacing of 11 feet so that all girders will have
the same stud spacing.

P,, = A,F, = 98.7 x 50 = 4,935 kips Eq (7-3)
P,, = 0.85f bty = 0.85 x 4.0 x (11 x 12) x 9 = 4,039 kips Eq (7-4)
therefore, P_p = 4,039 kips
= _ 5 L 73
F =P —P = 4,039 x == - 411 kips Eq (7-5
P PR 717 ) a(7-5)
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Girder Stress Check G4 Span 1
Transversely Stiffened Web - Strength - Shear Connectors

P - 1/‘:2pp + F 2 = 14,0392 + 4112 = 4,060 kips Eq (7-2)
N = P _ 4060 _ 133 Eq (7-1)

¢S, 085x36

Compute the required pitch p with 3 studs per row.

133

No. of rows = T = 45 rows
p S MQ_ = 19.9 in
(45 - 1)

The shear connector pitch for strength is less critical than for fatigue in this region.

Compute the required pitch between the point of maximum negative live load moment
and the adjacent point of maximum positive live load moment.

Compute the tension force in the deck at the support according to the provisions of
Article 7.2.1.

Py = AJF, = 203.5 x 50 = 10,175 kips Eq (7-8)
P,, = 0.45fc’bdtd =045 x4 x (11 x 12) x 9 = 2,138 kips Eq (7-9)

therefore, P, = 2,138 kips

P; =P, + P = 4,089 + 2,138 = 6,177 kips Eq (7-7)

L, =164 -73 =91 ft

Fo - P - 6,177 x 2L - 784 kips Eq (7-10)
T TR ’ 717

P - F2+F7? = 6,177% + 7842 = 6,227 kips Eq (7-6)
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No_P 8227 .o,

.S, 0.85x36

Compute the required pitch p with 3 studs per row.
204

No. of rows = T = 68 rows
p=2N%x12 463
(68 - 1)

Printed on May 10, 1999

Eq (7-1)

The shear connector pitch for strength is more critical than for fatigue in this region.
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Girder Stress Check Section 2-2 G4 Node 44
Unstiffened Web - Constructibility - Web

Check the unstiffened web at this section according to the provisions of Article 6.2.1 for
the non-composite load due to the steel weight and Cast#1.

Use the non-composite moments for the transversely stiffened web design at Node 44
from Table D1.

Compute the constructibility vertical bending stress at the top and bottom of the web
with a load factor = 1.4, as specified in Article 3.3. Use the section properties for the
unstiffened web design from Table D11.

4,593 x 44.25

fiop web = 126,43 x 12 x 1.4 = -27.01 ksi
oot wa = 4'591?; 54339’2'75 X 12 x 1.4 = 24.26 ksi

Compute D, using the effective factored stresses.

D, - 84 x il - 44.25 in
1-27.011 + 24.26

As specified in Article 13.2, critical stresses in girder webs for constructibility are to be
determined according to the provisions of Article 6. Compute the critical web bend-
buckling stress for the unstiffened web using the provisions of Article 6.2.1.

2
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