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1.0 INTRODUCTION

The purpose of this document is to describe the research and development of a new 5-inch deep
aluminum orthotropic deck system developed by the Florida Department of Transportation in
consultation with AlumaBridge, SAPA, et al. The deck system was developed specifically to replace 5-
inch deep steel open grid deck on typical Florida bascule bridges on an approximately weight neutral
basis.

The new deck system is a derivative of an 8-inch deep aluminum orthotropic deck system originally
developed by Reynolds Metals Company in the mid 1990’s. This earlier deck system was the subject of a
laboratory and in-service field testing program sponsored by FHWA and Virginia Department of
Transportation and performed by Virginia Tech®,%. The deck system was initially installed on two bridges
including Route 58 over Little Buffalo Creek near Mecklenburg, Virginia and Corbin Bridge near
Huntingdon, Virginia.

The aluminum orthotropic deck system received renewed interest following the acquisition of Reynolds
Metal Company by SAPA and the development of friction stir welding (FSW) technology. FSW addresses
many of the concerns with the previous metal inert gas (MIG) welding of extrusions including improved
weld quality and reduced cost. The 8-inch deep aluminum orthotropic deck with FSW was recently
installed on a bridge in Sandisfield, Massachusetts and St. Ambroise River Bridge, Ontario, Quebec.
There are several proposals for additional installations in the United States and Canada.

Although the new 5-inch deep deck system is a derivative of a previously tested deck system, there are a
number of differences between the proposed design and the earlier design that warrants additional
research and testing before the deck system is placed into service. This document describes the
research performed to date and details of first phase of the proposed test program.

11 DECK SYSTEM DESCRIPTION

Deck Panels: The new deck system consists of 5-inch deep panels fabricated from a series of closed
shape aluminum extrusions (ASTM B221 Alloy 6063-T6) with integrally connected top and bottom plates
and series of inclined web members. The configuration of the extrusions has undergone several
iterations during development. Current primary extrusions (AlumaBridge Gen Il) are 5” deep x 1’-6” or
1’-1%" wide in both “female” and “male” configurations. The primary extrusions include a vertical web
and seats at one or both ends that act as built-in weld backing that permits single-sided FSW. End
extrusions are 5” deep x 1’-1%"” wide. (See Figures 1, 2 and 3) End extrusions finish the ends of the
panels and include a lip at the deck top to better retain the wearing surface at the panel edge, and a lip
to retain an expansion joint seal. End extrusions also provide a means for varying the width of the panel

! Dobmeier, Barton, Gomez, Massarelli, and McKeel (1999), Analytical and Experimental Evaluation of an
Aluminum Bridge Deck Panel, Part |: Service Load Performance and Part Il: Failure Analysis

? Misch, Barton, Gomez, Massarelli, and McKeel (1999), Experimental and Analytical Evaluation of an Aluminum
Deck Bridge
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up to 4%” by trimming the top and bottom flanges. (See Figure 4) The two primary extrusion widths and
variable width end extrusions allow for panels of any width. The individual extrusions are spliced
together using single-sided FSW to create deck panels. (See Figure 4) Extrusion trials confirm that the
proposed profiles can be extruded to maximum lengths of 32.0°. FSW limits the width of panels to 14.0’.
The unit weight of the deck without wearing surface and fasteners is approximately 17.4 psf, although
weight can vary slightly depending on panel widths. (See Figure 5 for Deck Section Properties)
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Figure 1 - 5-inch Gen Il Female Primary Extrusion

18.000
1114
-600 4.000 ot 4,000 1500 4,000
5X .250 250

+.038 AT HOLLOWS =600 4 016

600 4 —J

348

R1.500

3.800
+.044

R1.250

R.063
TYP UNLESS

NOTED OTHERWISE 4.500 4.500 4.500 4.500

Figure 2 - 5-inch Gen Il Male Primary Extrusion

Research Program Notes 3|Page
FPID 419497-1-B2-01 December 31, 2015



I~ +084 )
4. 2.500 4. 2.500 .500 £.017
- |-.250 +.016
+.250 —
T
I
2.000
5.000 5.250
250 1
5.030 016 +.044 £.044
]
; | I—
.250-
Figure 3 - 5-inch End Extrusion
[ 9'-2" - PANEL "1A -
1-0%1) 6" I'-6" 1% ) 16" 16" 1-0%7(*)
End Male-Female Male-Female Male-Female Male-Male Male-Female End
Extrusion Extrusion Extrusion Extrusion Extrusion Extrusion Extrusion
¥ Epoxy Polymer
%" Wearing Surface —, e

P \ A -t

(VAU AVAVAVA RYAVAYA GYAVA AYAVAYA AVAVAVANAYA

W

s s

AYAN

Al N
PANEL LENGTH NO. RECD * NOTE: Trim Flanges of I'-1%" End § Self-tapping “—— Single-sided CJP Friction Stir Welded
‘1A 23-10r 20 End Extrusion by ¥ . Screw Location (Typ.) (FSW) Joint between Extrusions (Typ.)

SECTION THRU PANEL 1A’

Figure 4 - Typical Deck Panel

PRIMARY DIRECTION SECTION PROPERTIES
PARAMETER VALUE
- SECONDARY DIRECTION SECTION PROPERTIES
Cross Section Area, A 14.29 in2/ft
PARAMETER VALUE
Moment of Inertia, Ix 58.09 ind4/ft Cross Section Area, A 10.13 in2/1t
Neutral Axis Ref., ybott 2.527 in Moment of Inertia, Ix 51.82 ind/ft
Neutral Axis Ref., ytop 2473 in Neutral Axis Ref.. ybott 2.450 in
Section Modulus, Sxbott 23.49 in3/ft | Neutral Axis Ref., ytop 2.550 in
Section Modulus, Sxtop 22.99 in3/ft |-3eckion" Nodulns S xbote ELHCo L
(o e Section Modulus, Sxtop 20.32 in3/ft
Weight (w/o Wear. Surf.) 17.4 psf
NOTE: Mirimum Section Properties conservatively
Weight (w/ Wear. Surf.) 20.9 psf based on 1'-6" Wide Male-Female Extrusions.

NOTE: Minimum Section Properties conservatively
based on I'-6" Wide Male-Female Extrusions.

Figure 5 — Deck Section Properties

Support Framing: The deck panel design has been developed specifically to replace 5” deep steel open

grid deck in typical stringer and floorbeam steel framing systems commonly found on bascule bridges.

Similar to steel open grid deck, the aluminum orthotropic deck panels are supported on top of the
stringers and span perpendicular to the direction of traffic. Stringers on existing Florida bascule bridges

are typically spaced from 3.5’ to 5.0’ on center. Preliminary analysis of the new deck system indicates

that the stringers can be spaced at a maximum spacing of 6.0 with a maximum deck transverse

cantilever of 2.0°. (See Figure 6)
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Figure 6 — Typical Bascule Bridge Partial Transverse Section

Replacement of existing stringers is recommended in conjunction with the new deck system to facilitate
accelerated bridge construction and reduce the amount of field work required in consideration of the
significant number of fasteners used in connecting the deck to the stringers. Replacement of the
stringers permits respacing of the stringers to a configuration that avoids support of the deck on the
main girders where connection can be difficult.

In order to facilitate pre-bolting of stringers, stringer to floorbeam connections must be detailed such
that the stringers clear the floorbeam top flange. (See Figures 7 and 8) Proposed connections utilize a
new tee member bolted to the web of the floorbeam with the stem of the tee aligned with the web of
the stringer and a pair of connection plates each side of the stringer web/tee stem. The strength and
stiffness of the deck panels, which is similar in transverse and longitudinal directions, permits the deck
to cantilever in the longitudinal direction from the end of the stringer flange over the floorbeam. This
avoids connection to the floorbeam flange where connection can be difficult. The deck and stringer
should typically be detailed such that the juncture of the deck inclined webs and bottom plate align with
the end of the stringer flange to avoid localized bending of the bottom flange.

FB1 § Bascule Span (Sym.)

PANELS '2A' & '28

Install New W 16x50 5tub 5
with 2 - L 8x4x% Conn. A

Exist. W 36x160 Floorbeam -
Figure 7 — Typical Bascule Bridge Partial Longitudinal Section at End Floorbeam
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Figure 8 — Typical Bascule Bridge Partial Longitudinal Section at Intermediate Floorbeam

Expansion Joints: The deck system includes transverse expansion joints between individual panels with

the joints typically located over the floorbeams and at intermediate points within the stringer span (e.g.
near stringer midspan). Longitudinal expansion joints may also be provided between panels where the
size of the panels is limited for phased construction and/or shipping considerations. The proposed
expansion joints consist of a 1” maximum openings between panels filled with continuous joint filler.
The preferred joint filler by the Department is a Watson Bowman, Wabo Evazote Seal (1%4” wide x 2”
deep), although other joint fillers such as a backer rod with low modulus joint sealant may also be used.
(See Figure 9) The narrowest recommended joint opening between panels to accommodate panel
tolerances is %4”. Expansion joints are recommended for the following reasons:

e Simplifies panel details by avoiding need for bolted panel splices.

e Expansion joints over the floorbeams accommodate live load deflections and corresponding end
rotations of the simple span stringers without restraint from deck continuity.

e Expansion joints spaced at 8.0’ to 10.0’ intervals mitigate thermal effects in consideration of the
difference in coefficients of thermal expansion between aluminum and steel (12.8 x 10°/F vs.
6.5x10°/F). The reduced tributary thermal length reduces thermal restraint forces in the
stringers and stringer end connections.

e Expansion joints between panels accommodate deck panel fabrication tolerances.

1” Joint with 1%” x 2” Wabo Evazote Seal

Figure 9 - Expansion Joint Seal
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Deck to Stringer Connection: A slip-resistant connection is recommended to resist live loading.

Repeated cycles of slip between the deck and stringers are anticipated to cause fretting that might wear
protective coatings on the stringers. Slip can be permitted under thermal loading where the number of
cycles of slip is low. To resist slip, deck panels are fastened to the top flange of the stringers with a
bolted connection using fully pre-tensioned, conventional 3/4” diameter ASTM A325 bolts of heavy hex
(HH) or tension control (TC) type. Bolts, nuts and washers are mechanically galvanized per ASTM B695
Class 50 with nuts over-tapped for fastener assembly and with a lubricant containing a visible dye. A
hardened washer shall be provided between the HH nut and aluminum surface. A washer is not
required under the head of the TC bolt. Threads are to be excluded from the shear plane. Bolts are to
be inserted in standard oversize (15/16” diameter) holes in both the deck plate and stringer flange.

Because aluminum deck panels are hollow, special tooling is required to install and tension the
fasteners. With HH type, the nut is located on the interior of the deck and a special tool is required to
deliver and temporarily secure the nut and washer while the bolt is tensioned from the exterior using
turn-of-nut method. With TC type, the bolt is located on the interior of the deck and special tools are
required to deliver and install the bolt in the hole. With TC type bolts, the bolt and nut are held from
the exterior and so there is no need for additional means to secure the elements during tensioning. (See
Figure 10)

Also considered for future maintenance purposes are 3/4" Lindapter High-Clamping Force Hollo-Bolts
(LHB-HCF) (Product Code LHBM20#1 Hexagonal Stainless Steel). The LHB-HCF fastener can be field
installed to anchor the hollow aluminum deck panels. The fastener is installed in 1 3/8” diameter
standard size holes (1/16” in diameter larger than the split-sleeve). Because sustained pre-tensioning
proof loads for this type of fastener is significantly lower than similarly sized conventional ASTM A325
bolts, the bolt is not recommended as the primary fastener type in a slip-resistant connection. The bolt
is only recommended in maintenance applications to replace a limited number of conventional ASTM
A325 bolts, where required. (See Figure 10)

ASTM A325 TC Bolt ASTM A325 HH Bolt Lindapter Hollo-Bolt

Figure 10 - Fastener Details
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The faying surface between the aluminum deck and steel framing have been previously certified by the
Research Council on Structural Connections (RCSC) as meeting the requirements for a ASTM A325 Class
‘B’ (0.5 coefficient of friction). This certification was based on an abrasion blasted aluminum surface per
Society for Protective Coatings, SSPC-SP5 (White-Metal Blast Cleaning) to an average substrate profile of
2.0 mils and steel members containing either hot-dip galvanized coating in accordance with ASTM D123
or an approved solvent based inorganic zinc primer (e.g. Carboline Carbozinc 11) with 6.0 mils dry film
thickness.

Wearing Surface: The aluminum deck receives a skid-resistant wearing surface applied to the top of the

panels consisting of two-coats Flexolith (low modulus epoxy coating system manufactured by Euclid
Chemical Company) and a broadcast overlay (1/4” thickness with unit weight of 3 to 4 psf.) (See Figure

11) Three-coats (3/8” thickness with unit weight of 5 to 6 psf) can be used to achieve a longer service life
on bridges that can support the additional weight.

Figure 11 — Wearing Surface

Materials: The Flexolith two-part epoxy resin is applied at a spread rate of 40 to 45 sq. ft/gal in the first
coat and 22 to 25 sq. ft/gal in the second coat. The epoxy resin shall meet the following requirements:

REQUIREMENTS

PROPERTY (at 75 +/- 3 deg F and 50% RH) TEST METHOD
Gel Time >30 minutes ASTM C881 Class B (150 g sample)
Tensile Strength (7 day) 2,000 to 5,000 psi ASTM D638
Tensile Elongation (7 day) 30-60% ASTM D638
. . ASTM D2393 (Model RVT Brookfield
\Y, 7 1 2
iscosity (7 day) »>00t02,000 cp Viscometer Spindle No. 3 at 20 rpm)
Compressive Strength (24 hr) 5,000 psi ASTM D695
Part A 9.1-9.7 Ibs/gal
Part B 8.0 - 8.6 Ibs/gal
Research Program Notes 8|Page

FPID 419497-1-B2-01 December 31, 2015




The broadcast overlay includes a basalt aggregate with spread rate of 1.0 to 1.5 Ibs/sq. ft in first coat
and 1.5 to 2.0 Ibs/sq. ft in second coat. Basalt aggregate shall be clean, free of other materials, and
meet the following requirements:

PROPERTY REQUIREMENT
Moisture Content 0.2%
Min. Mohs’ Scale Hardness 6
Density (Loose) 94 pcf
Distribution (Sieve Size) % Weight Passing
#4 100
#6 97 -100
#12 70-90
#20 3-20
>#20 0-3

Surface Preparation: Prior to applying the wearing surface to panel surfaces, surfaces shall be prepared
in an environmentally controlled facility. Panel surfaces shall be abraded with abrasive, non-metallic
pad specified for use on aluminum. The abraded surface shall be pressure washed with 5% solution of
Chemetall Aluminum NSS cleaner and water heated to 120 — 140 deg F. The pressure washed deck shall
be cleaned with pressurized tap water until all soap and suds are removed and cleaning repeated until
no water beads on the surface. Panels shall be air dried without application of compressed air. The
dried panels shall receive a 15% solution of Chemetall Permatreat 1500 in de-ionized or distilled water
using lint free rollers with 3/8-inch or finer nap. Panel surface shall be air dried in clean environment
with temperature of 75 — 85 deg F and 40 — 60% relative humidity for a minimum of 24 hours prior to
coating application.

Application: Wearing surface shall only be applied by qualified applicator certified by Euclid Chemical
Company. Two-part resin shall be mixed per manufacturer’s recommendations. Resin shall be applied to
panel in clean environment with temperature of 75 — 85 deg F and 40 — 60% relative humidity.
Application shall be performed in increments to 1/8” uniform thickness. Aggregate shall be broadcasted
to full saturation until no wet spots are visible. Panels shall remain undisturbed for minimum of 24
hours in same controlled environment as application.

Quality Control: A separate aluminum test piece shall be prepared with same wearing surface as the
production panel at made at the same time, and under the same environmental, surface preparation,
and application conditions as the production panels. The size of each test piece shall be as required to
verify bond strength of the wearing surface to the aluminum deck panel in accordance with ASTM
C1583. The bond strength of the production panels will be considered adequate if the bond strength for
the test piece exceeds 250 psi. Production panels shall be accompanied with a report with the panel
identification, inspection date, tested bond strength, and inspector signature certifying adequacy of the
test performance.
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Previous Testing: The bond durability of the Flexolith wearing surface was previously tested and
evaluated for a number of factors including moisture, temperature and applied loading®.

Future Maintenance: The two-coat wearing surface is anticipated to have a service life of 10 to 15 years
and three-coat wearing surface a service life of 15 to 20 years depending on traffic. The original three-
coat wearing surface on the Route 58 Bridge over Little Buffalo Creek near Mecklenburg, Virginia is still
in service despite 18 years of heavy truck traffic and snow plowing.

It is recommended that the wearing surface be resurfaced before it is worn to the depth of the
aluminum substrate. Resurfacing can then consist of a simple water blast of the remaining wearing
surface and reapplication of one or two coats of the epoxy resin and broadcast overlay aggregate.
Otherwise the wearing surface will need to be reapplied in accordance with the original procedures.
The bottom coat of epoxy resin can be tinted with a different color than the top coats to alert
maintenance that wear of the wearing surface has reached the bottom coat.

Friction Stir Welded Joints: Friction-stir welding (FSW), developed by The Welding Institute in 1991, is a
solid-state, hot-shear joining process, where a rotating tool moves along the joint between butting

surfaces of two rigidly clamped plates or extruded profiles. The tool includes a shoulder positioned
above and in direct contact with the surface of the plates and a smaller threaded pin positioned within
the depth of the plate. The tool shoulder makes firm contact with the top of the plates and generates
heat by friction at the shoulder surface and, to a lesser degree, at the pin surface. Softening of material
from the heat and rapid rotation of the tool produces plastic deformation and flow of the material. The
plasticized material is transported from the front of the tool to the trailing edge as the tool advances.
The material recrystallizes and forges into a solid joint as the material cools. (See Figure 12)

Touchdown
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Stop
withdraw

Q-— Tool shoulder

’/_/-\ T=MX Triflute™ probe
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Tide of weld

>
dvancing
side of weldd

Figure 122 - Friction Stir Welding Process

* Zhang (1999), An Evaluation of the Durability of Polymer Concrete Bonds to Aluminum Bridge Decks
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FSW involves complex thermo-mechanical processes where varying deformation and temperature yields
varying recrystallization of the plasticized material with different resulting microstructures within the
limits of the joint. Temperatures of the plasticized material are below (typically 0.7 to 0.9) the melting
point of the material. The combination of translation and rapid rotation of the tool yields a slightly
asymmetric weld profile about the joint axis. (See Figure 13) The FSW joint consists of several distinct
zones including:

e Weld Nugget (Fine-grained, Homogeneous, Fully Plasticized and Recrystallized
Microstructure)

Thermo-mechanically Affected Zone (TMAZ) (Variable-grained, Inhomogeneous, Partially
Plasticized and Recrystallized Microstructure)

Heat-affected Zone (HAZ) (Non-plasticized, Softened Normal-grained Microstructure)
Unaffected Material

Tool shoulder |

a Unaffected material
b Heat affected zone (HAZ)

¢ Thermomechanically
affected zone (TMAZ)

d Weld nugget (Part of
thermomechanically affected
zone)

Backing bar : /

Profiled pin

Sketch provided by TWI

Figure 13 - Friction Stir Welded Joint

The FSW process for the aluminum orthotropic deck is automated using a machine developed
specifically for FSW welding of aluminum deck systems. The FSW is single-sided with use of built-in
backing seat and vertical web that are integral to the extrusions and that resist the applied vertical
clamping force. The welds for the top and bottom plates are performed simultaneously so that the
forces are self-reacting. (See Figures 14 thru 17)
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Figure 15 —Friction Stir Welding Machine

Figure 16 — Top Plate Friction Stir Welding Figure 17 — Bottom Plate Friction Stir Welding

The single-sided friction stir welding with equal top and bottom weld sizes yields significantly lower weld
distortion and flatter deck panels than the previous two-sided friction stir welding and unequal top and
bottom weld sizes. It also permits faster and more efficient welding, which reduces fabrication costs.

Fatigue crack development is often associated with material and weld defects. Although FSW can
produce welded joints of a much higher quality than that of metal inert gas (MIG) welding, FSW can still
yield flaws that may contribute to the development of fatigue cracks including:

e Voids

e Lack of fusion

e Lack of penetration

e Faying surface defects
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Presence of entrapped oxides that can affect fusion
Tooling marks.

The quality of the friction stir welds is dependent on a number of factors that are influenced by the

following:

Tooling including:

0 Width of the tool shoulder,

0 Height, depth and thread configuration of the tool pin (probe)

0 Adequate support of the tool(s) that prevents lift-off during testing.
Friction stir welding processes including:

0 Welding speed (rotational and advancement),

0 Toolinclination angle

0 Welding pre-load force.

Adequate clamping of the profiles that preloads and prevents separation.

Significant advancements and experience in FSW processes has greatly reduced the potential for weld

defects. The above factors are controlled by the panel supplier. Although FSW is a different process

than traditional aluminum welding, quality control of the FSW joint is performed using similar

methodology to that of MIG welded joints including radiographic and/or ultrasonic NDT, coupon

sampling and testing, and hardness tests. Welding and Weld Quality Control requirements for FSW
joints are specified in AWS D1.2, Structural Welding Code — Aluminum (2014 Edition) and shall be
implemented by the deck panel fabricator as follows:

Aluminum deck will be considered as cyclically loaded, tubular structures in establishing
requirements for welding and weld inspection.

Joining of extrusions will only be made with friction stir welds and friction stir welds shall be
considered complete joint penetration groove welds.

A Procedure Qualification Records (PQR) shall be prepared and submitted to the Engineer for
approval for each Weld Procedure Specification (WPS) including those for weld repairs.

Welding shall only be performed by qualified welders. A Welder Performance Qualification
Record (WPQR) shall be prepared and submitted for approval for each welder, welding
operator, and tack welder performing the welding or weld repairs.

Records shall be maintained for each weld including the panel identification, WPS used, date
welded, welder, weld location, identified defects, and weld repairs.

All welds shall be inspected by AWS certified weld inspectors.

All welds shall be visually inspected prior to grinding.

A tension test, bend test and macroetch test shall be performed on one weld tab for both the
top and bottom plate of each panel. If the test results do not equal or exceed the acceptance
criteria, the full length of the weld shall be inspected using ultrasonic inspection (UT).

All welds shall be inspected using UT at an initial frequency of 10% of the length of the welds. If
welding does not pass the acceptance criteria for cyclically loaded, tubular structures, the full
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length of the failed weld shall inspected and supplemental bend tests and macroetch tests shall
be performed on weld tabs corresponding to the failed weld.

e Records shall be maintained for weld inspection and testing including panel identification,
inspection date, inspector, method, acceptance criteria, results, and disposition.

Panel Fabrication Requirements and Dimensional Tolerances: Panels shall be required to meet the

following requirements and dimensional tolerances after fabrication. Panel fabricator shall be
responsible for performing required inspections and measurements, documenting, and making
corrective actions:

e All exposed edges, except at top surface, shall be ground smooth to a 1/4” radius.

e Scratches and dents that exceed the limits in AWS D1.2, Table 5.3, shall be removed by grinding
smooth. Repaired areas shall be inspected using dye-penetrant testing (PT). Parts that reveal
cracks after PT and/or do not meet the dimensional requirements shall not be used.

e Dimensional tolerances relative to nominal value:

PARAMETER TOLERANCE
Length +/-1/4”
Width -1/4”, +1/2”
Squareness (Diagonal Variation) +/-1/4”
Flatness 1/2"
Edge Straightness 1/4"

e Measurement shall be performed using calibrated tools (e.g. steel tape, chains, straight edges,
and machinist scales) accurate to at least 1/32” (0.03”). Measured values shall be reported to
the nearest 1/16” (0.06”). Nominal dimensions shall be considered at baseline temperature of
70 deg F. Where temperatures at the time of measurement vary from 70 deg F, measured
values shall be adjusted accounting for the difference in temperature. Records shall be
maintained for dimensional tolerances including panel identification, measurement date,
temperature, inspectors, tools, tool accuracy, nominal values, measured values, and difference
between measured and nominal. Wearing surface shall not be applied until fabricated panels
have been recorded, submitted to and approved by the Engineer.

Deck Panel to Stringer Assembly: The deck panel to stringer assembly shall be shop fabricated and

assembled as follows after the fabricated deck panels have been delivered to a steel fabricator with the
wearing surface already installed: (See Figures 18 thru 23):

e Stringers shall be fabricated in accordance with the latest editions of the Florida Department of
Transportation Standard Specifications for Road and Bridge Construction, corresponding
Supplemental Specifications and referenced AWS D1.5 Bridge Welding Code. Stringers shall
receive specified protective coatings previously certified by RCSC as meeting requirements for
ASTM A325 Class ‘B’. Bottom of deck shall receive abrasion blast finish at faying surface.

e Alignment of the deck panels and stringers shall be established in a floor layout for each
floorbeam bay prior to drilling bolt holes. Floor layout shall be of sufficient accuracy to establish
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alignment at the deck panel ends and expansion joints within specified tolerances. Layout may
be performed with the panels inverted. Care shall be taken to protect the wearing surface from
damage. Hole locations in the stringer flange shall be established at assembly such that
corresponding holes in the deck will be accurately located within the deck panel voids. The
stringers and deck panels shall be match marked during initial alignment so that the alignment
can be re-established at any stage during the operations.

e Bolt holes in the stringer flange shall be drilled using a portable magnetic drill and made with
the stringers removed from the layout assembly and prior to drilling corresponding holes in the
deck.

e Before drilling holes in the deck panels, steel stringers and deck panels shall be brought into
matching temperatures, within 5 deg F, using heating blankets or other approves methods.
Deck panels shall not be heated to a temperature greater than 150 deg F. Holes in the deck shall
be made using the holes in the stringer flange as a template. Stringers shall be adequately
secured to the panels by way of blocking and/or clamping to prevent relative movement during
drilling operations.

e Deck panels and stringers shall be bolted together after all holes are drilled. Bolt installation and
tensioning shall be performed one stringer at a time starting either at one end of the panel. The
first panel shall be fully bolted to the stringer, starting at the deck panel voids near the center of
the panel and working in progressive sequence on each side of the center until the connection
for the panel is complete. The second panel shall then be bolted to the stringer in a similar
fashion. This process shall be followed until all stringers are bolted to the deck panels.

Figure 18 — Transferring Holes to Deck Panel Figure 19 — Sand Blasting Panel Bottom

N 1) i —

o ——]
b

Figure 20 — Bolt Installation Figure 21 — TC Bolt Tightening
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Figure 22 — Completed Deck Unit Figure 23 — Completed Deck Unit Shipping

2.0 PRELIMINARY STRUCURAL ANALYSIS AND EVALUATION

Preliminary finite element analysis (FEA) and manual calculations have been performed of the deck
system for the proposed test panel size, support configuration, and each of the proposed loading
scenarios. The purpose of this analysis was to:

e Analyze and evaluate adequacy of the proposed deck panel design (i.e. proposed deck panel
extrusion profile dimensions and span capability) for AASHTO LRFD design loading, stress limits
including strength, fatigue stress, and deflection limits,

e Analyze and evaluate deck panel load distribution, corresponding shear lag effects, and
combined System 2 and 3 stress effects, and compare with simple closed-form equations, to
avoid need for FEA for each deck design,

o Verify loading configuration that produces maximum effects,

e Identify locations for strain gauge placement required for meaningful comparison of analytical
and experimental results,

e Determine the number and pitch of fasteners required to resist slip at Service Il Live Loading.

Aluminum orthotropic decks have traditionally been evaluated for a combination of stresses using
orthotropic plate theory as follows:

System 1 Stresses: Longitudinal compression stresses in the deck panels, introduced as a result

of loading of the simply supported longitudinal support members (stringers) and corresponding
deformations with the deck panels acting compositely with the supporting members. {NOTE:
For the proposed Phase 1 (Component Testing), the support conditions will not generate System
1 Stresses. System 1 Stresses will be included in subsequent testing.]

System 2 Stresses: Transverse flexural compression or tension stresses and corresponding
deformations in the deck panels introduced as a result of loading of the deck panels between
the longitudinal support members (stringers). Panels experience positive and negative flexural
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stresses at different locations and loading conditions due to continuity of the deck over
intermediate supports. Because stresses are distributed throughout the deck by way of the
inclined webs, System 2 Stresses in the top and bottom plates vary due to shear lag effects with
slightly higher stresses at the juncture of the top and bottom plates with the inclined webs and
slightly lower stresses between the inclined webs.

System 3 Stresses: Localized flexural compression or tension stresses and corresponding

deformations in the deck top plate and adjacent inclined webs introduced from wheel patch
loads acting on the deck top plate. Because the top plate, bottom plate, and inclined webs are
integral, the extrusions experience frame action.

[NOTE: System 2 Stresses are normal to System 1 and System 3 Stresses and thus are not
directly additive. However, because of bi-axial states of stress, loading for System 3 Stresses also
includes corresponding stresses that are parallel and additive to System 2 Stresses. System 1
and System 3 Stresses are parallel and thus are directly additive.]

2.1 SERVICE AND STRENGTH LIMIT STATES

Loading Magnitudes: The deck panel performance was analyzed and evaluated in accordance with
AASHTO LRFD Articles 7.5.1 thru 7.5.3. Static loading was configured and applied in accordance with
AASHTO LRFD Live Load (LL) and Dynamic Load Allowance (IM) in Articles 3.6.1.1, 3.6.1.2 and 3.6.2.
Loading magnitudes are based on Load Combinations and Load Factors, Y., in Article 3.4.1 at the Service
| (Deflections), Service Il (Slip-Critical Connections), Strength | and Strength Il Limit States. [NOTE:
Strength Il Limit State evaluates the deck for the Florida FL-120 Overload Permit Vehicle.]

The deck system was evaluated for AASHTO LRFD HL-93 Design Truck and Design Tandem, and Florida
FL-120 Overload Permit Truck wheel loads. Based on preliminary finite element analysis, it appears that
the AASHTO LRFD HL-93 Design Truck governs over the Design Tandem, although the difference in
magnitude of the stresses is relatively small.

By inspection, a single lane of traffic governs over multiple lanes when considering AASHTO LRFD
Multiple Presence Factors, m. For example, in evaluating System 2 Stresses, a single-lane of traffic
(Multiple Presence Factor, m = 1.20) with two wheel lines spaced at 6’-0” on center produces greater
negative moment intensity than two lanes of traffic (Multiple Presence Factor, m = 1.00) with adjacent
wheel lines from different lanes spaced at 4’-0” on center. For similar reasons, a single-lane of traffic
(i.e. single wheel line) produces greater positive moment intensity than two lanes of traffic.

Wheel loads were applied in the configurations shown in the Test Set-up Drawings and as described
below:

1. Apply wheel loads to deck top surface as 20” (transverse) x 10” (longitudinal) patch load using a
neoprene pad to uniformly distribute load.

2. Apply wheel loads at the loading levels below.
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TABLE 1 - STATIC WHEEL PATCH LOADS (kips) (1)

AASHTO LRFD LOAD CASE | LOAD FACTOR, Y, | HL-93 DESIGN TRUCK HL-93 DESIGN TANDEM
SERVICE | 1.00 25.54 (2) 19.95 (3)
SERVICE Il 1.30 33.20 (2) 25.94 (3)
STRENGTH | 1.75 44.69 (2) 34.91 (3)
STRENGTH I 1.35 57.46 (4) N/A

TABLE FOOTNOTES:

(1) Wheel patch loads calculated as follows: Y. Q(1 + IM)m

(2) AASHTO LRFD HL-93 Design Truck 32-kip Rear Axle (Q=16-kip Wheel), magnified for Dynamic
Load Allowance (IM=0.33) and Single-Lane Multi-Presence Factor (m=1.20).

(3) AASHTO LRFD HL-93 Design Tandem 25-kip Axle (Q=12.5-kip Wheel), magnified for Dynamic
Load Allowance (IM=0.33) and Single-Lane Multiple Presence Factor (m=1.20).

(4) FDOT FL-120 Permit Truck (HL-93 Truck Magnified x 1.67) 53.33-kip Rear Axle (Q=26.67-kip
Wheel), magnified for Dynamic Load Allowance (IM=0.33) and Single-Lane Multi-Presence
Factor (m=1.20).

System 2 Static Loading Configurations and Analysis: Analysis for static loading is generally as follows:

e Analysis Approach: System 2 Stresses and Deflections were computed using three-dimensional
plate and shell models using LUSAS computer software. Loading was based on 10 kip unit wheel
patch loads and the stresses and deflections magnified based on the wheel patch loads in Table 1.
Plots of the System 2 Stresses and Deflections were made to summarize the results. (See Figure 24)

Panel Joint

10" x 20”
Unit 10 kip
Wheel Patch

Losdcase: 2 Tandem Pos
Results fle: System 2 Po
Entily: Stress (iop) - Thin

Transtormation: Matoral

Component. Sy

-2 BO33IT
20891

=1.57483
1.06057 ia
0546298 e
A S 0 482238 -
Maximum 0.736372 at noffe 35426 7_()"" 6'-0" 6'-0" Stringer Spacing

Misierum .2 8505 at node MPee- L

Deck Top Stress (Positive Moment — Tandem Loading) Section thru between Stringers

Direction of Traffic

Panel Joint

Figure 24 - FEA (3D Plate and Shell Model) Typical Stress Contour

e Positive Flexure: The deck experiences maximum positive flexure (tension in the bottom of the deck
and compression in the top of the deck) between the stringers with the primary stresses oriented
perpendicular to the direction of the moving load. A single wheel line located mid-distance
between the supports, with one wheel patch always located adjacent to the panel transverse edge,
produces maximum stresses and deflection for positive flexure. A simple-span configuration
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produced conservative results. For the HL-93 Design Truck or FL-120 Permit Truck, a single wheel
patch is applied. For the HL-93 Design Tandem, two wheel patches spaced longitudinally at 4’-0” on
center are applied. Based on FEA, the calculated maximum stresses and deflections for each of the

loading scenarios are as follows:

TABLE 2 — SYSTEM 2 POSITIVE FLEXURE MAXIMUM STRESSES AND DEFLECTIONS
. . Max. Stress (ksi) Max. Deflection

Limit State Loading Tension (Bottom) | Compression (Top) (in)
Service | HL-93 Design Truck 6.3 6.7 0.090

HL-93 Design Tandem 5.6 5.7 0.082
Service || HL-93 Design Truck 8.2 8.7 0.117

HL-93 Design Tandem 7.3 7.4 0.107
Strength | HL-93 Design Truck 111 11.7 0.158

HL-93 Design Tandem 9.7 10.0 0.144
Strength Il | FL-120 Permit Truck 14.3 15.0 0.203
Limits PiFnp = 26.3 26.3 0.090

Stress and deflection contours for Positive Flexure are shown below (See Figures 25 thru 30):

Figure 25 — Deflection Contour — Truck Loading
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Figure 26 — Deflection Contour — Tandem Loading
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Figure 27 — Top Plate Stress Contour — Truck Loading Figure 28 — Top Plate Stress Contour — Tandem Loading
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Figure 29 — Bottom Plate Stress Contour — Truck Loading Figure 30 — Bottom Plate Stress Contour — Tandem Loading

e Negative Flexure: The deck experiences maximum negative flexure (tension in the top of the deck
and compression in the bottom of the deck) over the intermediate support (intermediate stringer)
with the primary stresses oriented perpendicular to the direction of the moving load. A pair of
wheel lines spaced at 6’-0” on center transversely and centered over the intermediate support, with
one wheel patch always located adjacent to the panel transverse edge, produces maximum stress
for negative flexure in a two-span continuous support configuration. For the HL-93 Design Truck or
FL-120 Permit Truck, a single wheel patch per wheel line is applied. For the HL-93 Design Tandem,
two wheel patches per wheel line spaced at 4’-0” on center longitudinally are applied. The
calculated maximum stresses and deflections for each of the loading scenarios are as follows:

TABLE 3 —SYSTEM 2 NEGATIVE FLEXURE MAXIMUM STRESSES AND DEFLECTIONS
o ] Max. Stress (ksi) Max. Deflection
Limit State Loading Tension (Top) | Compression (Bottom)* (in)
Service | HL-93 Design Truck 6.3 8.7 0.069
HL-93 Design Tandem 5.0 6.8 0.056
Service Il HL-93 Design Truck 8.2 11.3 0.090
HL-93 Design Tandem 6.5 8.8 0.073
Strength | HL-93 Design Truck 11.0 15.1 0.121
HL-93 Design Tandem 8.7 119 0.097
Strength Il | FL-120 Permit Truck 14.2 19.5 0.156
Limits ®iFnb = 26.3 26.3 0.090

* Results influenced by FEA stress singularity where deck bottom plate bears at stringer top flange.

Stress and deflection contours for Negative Flexure are shown below (See Figures 31 thru 36):

Figure 31 — Deflection Contour — Truck Loading
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Figure 33 — Top Plate Stress Contour — Truck Loading Figure 34 — Top Plate Stress Contour — Tandem Loading
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Figure 35 — Bottom Plate Stress Contour — Truck Loading Figure 36 — Bottom Plate Stress Contour — Tandem Loading

e Cantilever Negative Flexure: The deck experiences maximum negative flexure (tension in the top of
the deck and compression in the bottom of the deck) over the exterior support (exterior stringer)
with the primary stresses oriented perpendicular to the direction of the moving load. A single
wheel line on the cantilever, located 1’-0” transversely from the center of the exterior support, with
one wheel patch always located adjacent to the panel transverse edge, produces maximum stresses
and deflections for negative flexure in the cantilever support configuration. For the HL-93 Design
Truck or FL-120 Permit Truck, a single wheel patch per wheel line is applied. For the HL-93 Design
Tandem, two wheel patches per wheel line spaced at 4’-0” on center longitudinally are applied. The
calculated maximum stresses and deflections for each of the loading scenarios are as follows:

TABLE 4 — SYSTEM 2 CANTILEVER NEGATIVE FLEXURE MAXIMUM STRESSES AND DEFLECTIONS
Limit State Loadin Max. Stress (ksi) Max. Deflection
& Tension (Top) | Compression (Bottom)* (in)

. HL-93 Design Truck 5.7 8.1 0.107
Service | -

HL-93 Design Tandem 4.6 6.8 0.097

. HL-93 Design Truck 7.4 10.5 0.139
Service Il -

HL-93 Design Tandem 6.0 8.8 0.126

Strength | HL-93 Design Truck 10.0 143 0.187

&7 "H1-93 Design Tandem 8.1 11.9 0.169

Strength Il | FL-120 Permit Truck 12.9 18.3 0.241

Limits ®iFno = 26.3 26.3 0.090

* Results influenced by FEA stress singularity where deck bottom plate bears at stringer top flange.
Stress and deflection contours for Cantilever Negative Flexure are shown below (See Figures 37 thru

42):
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Figure 37 — Deflection Contour — Truck Loading Figure 38 — Deflection Contour — Tandem Loading

Figure 39 — Top Plate Stress Contour — Truck Loading Figure 40 — Top Plate Stress Contour — Tandem Loading

Figure 41 — Bottom Plate Stress Contour — Truck Loading Figure 42 — Bottom Plate Stress Contour — Tandem Loading

e Shear Lag Effects: Because stresses are distributed throughout the deck by way of the inclined
webs, System 2 Stresses in the top and bottom plates vary due to shear lag effects with slightly
higher stresses at the juncture of the top and bottom plates with the inclined webs and slightly
lower stresses between the inclined webs. The shear lag effects are exhibited in the stress contours
as “ripples”. The magnitude of the shear lag effects were evaluated by analyzing the variation in
stress within the top and bottom plates. FEA System 2 Positive Flexure Stresses (Truck Loading) for
the top and bottom plates (top, mid and bottom surfaces of the plates) were plotted along a
longitudinal line mid-distance between the stringers (i.e. along the applied wheel line.) Trendlines
for each of the stress lines were then established and plotted. A shear lag multiplier was applied to
the trendlines and adjusted until the magnified trendlines generally enveloped the FEA stresses.
(See Figures 43 and 44) The shear lag multiplier for the top plate is 1.20 and for the bottom plate is
1.09. It is conservatively recommended to use a shear lag multiplier of 1.20 for both the top and
bottom plates. The FEA results already include the effects of shear lag and thus values do not need
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to be magnified. However, stresses computed using simple closed-form equations need to be
magnified by the shear lag multipliers to yield accurate results.

System 2 Stresses (AASHTO LRFD Service | - Truck Loading)
Positive Flexure - Top Plate Stresses
Values Mid-distance between Stringers
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Figure 43 — Top Plate Longitudinal Stress Distribution showing Shear Lag Effects
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Figure 44 — Bottom Plate Longitudinal Stress Distribution showing Shear Lag Effects
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Local System 3 Effects: Wheel patch loading on the top plate introduces flexural stresses (System 3
Stresses) in the top plate. The variable depth top plate experiences maximum flexural stresses in
the base metal at the center of the plate span mid-distance between the inclined webs. FSW
produces softening of the base metal within 1-inch of the center of the welded joints. The
maximum stress within the heat affected zone (HAZ) occurs within a distance of 1-inch from the
center of the welded joint. The calculated maximum stresses for each of the loading scenarios are

as follows:
TABLE 5 —SYSTEM 3 TOP PLATE MAXIMUM STRESSES
Base Metal Max. Stress (ksi) HAZ Max. Stress (ksi)
Limit State Loading Tension Compression Tension Compression
(Top) (Bottom) (Top) (Bottom)
. HL-93 Design Truck 7.1 6.7 1.4 2.3
Service | -
HL-93 Design Tandem 5.6 5.2 1.1 1.7
. HL-93 Design Truck 9.3 8.6 1.9 3.0
Service Il -
HL-93 Design Tandem 7.2 6.8 1.4 2.2
Strength | HL-93 Design Truck 12.5 11.6 2.4 3.8
8 HL-93 Design Tandem 9.8 9.1 19 3.0
Strength Il | FL-120 Permit Truck 16.0 15.0 3.1 4.9
Limits ®fFno = 29.3 29.3 9.4 9.4

Although the direction of primary stress is in the longitudinal direction, there are corresponding
secondary stresses in the transverse direction due to plate bending biaxial state of stress. These
secondary stresses are directly additive to primary System 2 Stresses. For maximum positive
flexure, the secondary wheel patch stresses correspond with the location of the maximum System 2
Stresses. In other governing maximum stress locations (e.g. maximum System 2 Negative Flexure
Stress and maximum System 2 Cantilever Negative Flexure Stress), the location of the wheel patch
secondary stresses does not correspond with the location of maximum System 2 Stress and thus the
stresses need not be added. The magnitude of the secondary stresses that should be added to the
maximum System 2 Positive Flexure Stresses are as follows:

TABLE 6 — SECONDARY STRESSES ADDED TO
MAXIMUM SYSTEM 2 POSITIVE FLEXURE STRESSES
Limit State Top Plate Secondary Flexural Stress (ksi)
Service | 2.3 ksi
Service Il 3.0 ksi
Strength | 4.0 ksi
Strength Il 5.2 ksi

The FEA results already include the effects of local wheel patch loading and thus the secondary
stress values need not be added to the System 2 Positive Flexure Stresses. However, when stresses
are computed using simple closed-form equations, the above secondary stresses should be added to
the maximum System 2 Positive Flexural Stresses to yield accurate results.
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e Simple Closed-Form Equations (Equivalent Strip Width): In order to avoid the need to perform FEA
for each aluminum orthotropic deck design, simple closed-form equations for estimating the
governing bending moment intensity in the aluminum orthotropic deck panels is preferable. The
previous testing for the 8-inch aluminum orthotropic deck, performed by FHWA, Virginia
Department of Transportation, and Virginia Tech, demonstrated that the live load moment
distribution within the aluminum orthotropic deck panels closely matches that of a reinforced
concrete deck. As such, the same simple closed-form equations (AASHTO LRFD Articles 4.6.2.1.3
and 4.6.2.1.4c) used to determine the equivalent strip width for reinforced concrete slab design can
be used for aluminum orthotropic deck design. Comparison of FEA and simple-closed form
equations confirms that similar results are obtained. The applicable equations for equivalent strip
widths (in units of inches) are as follows:

Interior Strip Width (Positive Flexure): 26.0 + 6.6S
Interior Strip Width (Negative Flexure): 48.0 + 3.0S
Transverse Edge Width (Positive Flexure): 0.5%(26.0 + 6.6S)
Transverse Edge Width (Negative Flexure): 0.5*(48.0 + 3.0S)

Where: S denotes stringer spacing (ft)

2.2 FATIGUE LIMIT STATE

Fatigue Loading: The deck panel performance was analyzed and evaluated for fatigue in accordance
with AASHTO LRFD Article 7.6.1. Fatigue loading was configured and applied in accordance with
AASHTO LRFD Live Load (LL) and Fatigue Dynamic Load Allowance (IM) in Articles 3.6.1.4 and 3.6.2. (See
Figure 45) Loading magnitudes are based on Load Combinations and Load Factors, Y,;, in Article 3.4.1 at
the Fatigue | Limit State, which corresponds to infinite fatigue life.
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Figure 45 — Fatigue Truck
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Each fatigue detail shall satisfy:
Y (Af) < (AF)n where (AASHTO LRFD Equation 7.6.2.2-1)

Y denotes load factor, (Af) denotes the force effect stress due to the passage of
the design fatigue load, and (AF),, denotes Nominal Fatigue Resistance (see
below.)

In order to evaluate the performance of specific fatigue sensitive details, the details should be analyzed
for a stress range equal to the design Nominal Fatigue Resistance, (AF), for a number of cycles
considered equivalent to infinite fatigue life.

Wheel patch loads that correspond to the factored design fatigue load, Y (Af), are as follows:
Y. Q(1 + IM) = 1.50 (8 kips) (1+0.15) = 13.8 kips where

Y.L denotes the Fatigue | Limit State load factor, Q denotes the fatigue truck
wheel load and IM denotes the fatigue dynamic load allowance.

Fatigue Sensitive Details: The fatigue sensitive details for the aluminum orthotropic deck system are

generally classified in accordance with AASHTO LRFD Article 7.6.2.3 with the following clarifications:

1. Base Metal: Category ‘A’ [NOTE: Applies to base metal throughout the deck panels loaded for
System 2 or 3.]

2. Welded Joint (Stresses Normal to Weld Axis). Category ‘E’ [NOTE: This detail applies to the
welded joint in the top plate subject to System 3 Stresses. This fatigue detail classification is
consistent with AASHTO LRFD for complete joint penetration groove welded splices with
primary stresses normal to the axis of the weld. The friction stir welding produces a smooth
weld profile and surface condition similar to that produced by grinding of a weld. In previous
laboratory tests for similar aluminum orthotropic decks, the testing verified that the welded
joint detail provided fatigue resistance equal to or better than Category ‘C’. With the previous
aluminum orthotropic decks, the welded splices were made using metal inert gas (MIG) welding.
MIG welding produces a larger heat affected zone, greater distortion and residual tensile
stresses, and higher likelihood of weld defects that adversely affect fatigue resistance. Fatigue
testing of friction stir welded joints of Alloy 6063-T6 material has demonstrated good fatigue
resistance (equal or better than that of the base metal in some instances.) With the
AlumaBridge Gen Il deck system, permanent backing was implemented in the form of vertical
webs with seats at each weld location. As a result of the permanent backing, the welds are
conservatively classified as Category ‘E’ for the purpose of this analysis.]

3. Mechanically Fastened Connections: Category ‘C’ to Category ‘E’ depending on the stress ratio.
[NOTE: Fatigue of the base metal at the net section through the holes for the mechanical
fasteners is not considered in the analysis. This portion of the deck will remain in compression
under all fatigue loading scenarios and thus is not subject to tension or stress reversal.]
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4. Welded Joint (Stresses Parallel to Weld Axis): Category ‘B’ [NOTE: This detail applies to the
welded joint in the top and bottom plate subject to System 2 Stresses. This fatigue detail
classification is consistent with AASHTO LRFD for complete joint penetration groove welded
splices with the stresses parallel to the axis of the weld.]

Stress Range and Number of Fatigue Cycles: The number of cycles, N, of stress range corresponding to
infinite fatigue life for the AASHTO LRFD fatigue design loading is listed in the table below for each of the
fatigue sensitive details. This relationship is based on the following equation:

(AF), = CfN‘l/m = (AF)ry where (AASHTO LRFD Equation 7.6.2.5-1 and 2)

(AF),, denotes Nominal Fatigue Resistance, C; and m denote Constants
representing the x-intercept and slope, respectively, of the logarithmic S-N
curves, N denotes number of cycles, and (4F)ry denotes Constant Amplitude
Fatigue Threshold for the specific Fatigue Detail. (See Figure 46)

[NOTE: As noted in AASHTO LRFD Commentary Article C7.6.1.2.4, the Design Nominal Fatigue
Resistance, (AF)x is considered to be one-half the Constant Amplitude Fatigue Threshold,
Y% (AF)rx, in recognition that “the maximum stress range is assumed to be twice the live load
stress range due to the passage of the factored design fatigue load.” This provision recognizes
that actual traffic produces variable amplitude loading and includes trucks of a wide range of
gross vehicle weights and axle configurations. Although actual traffic produces variable
amplitude loading, the fatigue design provisions are based on constant amplitude fatigue
loading for simplicity. The design fatigue loading, load factors, dynamic load allowance, and
nominal fatigue resistance have been established and calibrated to be equivalent to the actual

variable amplitude traffic loading.]

TABLE 6 - INFINITE FATIGUE VARIABLES
. System 2 System 3
Variable Category ‘A’ | Category ‘B’ | Category ‘A’ Category ‘E’
(AF) 7y 10.2 ksi 5.4 ksi 10.2 ksi 1.8 ksi
Design (AF),=k(AF)ry 3.85 ksi 3.85 ksi 4.25 ksi 0.63 ksi
Ct 96.5 ksi 130 ksi 96.5 ksi 160 ksi
m 6.85 4.84 6.85 3.45
N at (AF)ru 5x10° 5x10° 5x10° 5x10°
N at k(AF) 3.83x10° 2.50x10’ 1.95x10° 1.98x10°
ADTTs;, (n) 69,954 (n=2) | 457 (n=2) | 14,246 (n=5) | 1446 (n=5)

The Average Daily Truck Traffic for a single lane, (ADTT)s., that would produce the number of
cycles of Fatigue Design Loading equivalent to infinite fatigue life for a 75-year service life are
based on the following equation:

N =(365) (75) n (ADTT)s, where (AASHTO LRFD Equation 7.6.2.5-3)
n denotes the Load Cycles per Truck Passage from AASHTO LRFD Table 6.6.1.2.5-2.
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The minimum (ADTT)s.. value of 457 trucks per single lane per day listed above is reasonable for
most bascule bridges in Florida (i.e. most bascule bridges in Florida experience traffic volumes
and corresponding truck percentages equal to or less than this value.

Fatigue S-N Curves
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Figure 46 — AASHTO LRFD Fatigue S-N Curves

System 2 Fatigue Stresses: System 2 fatigue analyses was performed using the same three-

dimensional plate and shell models used in the static Strength and Service Limit State Analysis.

System 2 fatigue analyses evaluated the following:

Bottom of Panel in Positive Flexure: The bottom of the deck panel between the supports
(stringers) experiences tension stress range due to positive flexure with the primary stresses
oriented perpendicular to the direction of the moving load. The base metal is considered
Category ‘A’ while the FSW welded joints are considered Category ‘B’ with tension stress range
parallel to the axis of the joint. A single wheel line located mid-distance between the supports
with two wheel patch loads longitudinally spaced at 4’-0” on center produces the governing
stress range, with the maximum stress range located at the edge of the test panel. Based on
FEA, the calculated maximum tension stress range, produced by the moving wheel line for the
factored fatigue design loading (13.8 kips per wheel patch), is approximately 3.85 ksi, which is
lower than the Constant Amplitude Fatigue Threshold, (AF)rx, of 5.4 ksi for Category ‘B’. Given
that FSW welded joints have shown to yield greater fatigue resistance than Metal Inert Gas
(MI1G) welding used to develop the fatigue thresholds, it is anticipated that this stress range will
not be a concern.

Research Program Notes 28 |Page
FPID 419497-1-B2-01 December 31, 2015



e Top of Panel in Negative Flexure: The top of the deck panel over the intermediate supports
(stringers) experiences tension stress range due to negative flexure with the primary stresses
oriented perpendicular to the direction of the moving load. The base metal is considered
Category ‘A’ while the FSW welded joints are considered Category ‘B’ with tension stress range
parallel to the axis of the joint. A pair of wheel lines transversely spaced at 6’-0” on center and
centered over the intermediate support with two wheel patch loads each longitudinally spaced
at 4’-0” on center produces the governing stress range, with the maximum stress range located
at the edge of the test panel. Based on FEA, the calculated maximum tension stress range,
produced by the moving wheel line for the factored fatigue design loading (13.8 kips per wheel
patch), is approximately 3.44 ksi, which is lower than the Constant Amplitude Fatigue Threshold,
(AF)ru, of 5.4 ksi for Category ‘B’. Given that FSW welded joints have shown to yield greater
fatigue resistance than Metal Inert Gas (MIG) welding used to develop the fatigue thresholds, it
is anticipated that this stress range will not be a concern.

e Top of Panel in Cantilever Negative Flexure: The top of the deck panel over the outboard
support (stringer) adjacent to the deck cantilever experiences tension stress range due to
negative flexure with the primary stresses oriented perpendicular to the direction of the moving
load. The base metal is considered Category ‘A’ while the FSW welded joints are considered
Category ‘B’ with tension stress range parallel to the axis of the joint. A single wheel line
transversely spaced at 1'-0” outboard the support with two wheel patch loads each
longitudinally spaced at 4’-0” on center produces the governing stress range, with the maximum
stress range located at the edge of the test panel. Based on FEA, the calculated maximum
tension stress range produced by the moving wheel line for the fatigue design loading (13.8 kips
per wheel patch) is approximately 3.22 ksi, which is lower than the Constant Amplitude Fatigue
Threshold, (AF)ry, of 5.4 ksi for Category ‘B’. Given that FSW welded joints have shown to yield
greater fatigue resistance than Metal Inert Gas (MIG) welding used to develop the fatigue
thresholds, it is anticipated that this stress range will not be a concern.

System 3 Fatigue Stress Loading: System 3 fatigue analyses was performed using a three-

dimensional solid element model using the LUSAS software and included moving fatigue loading,
thermal stress range, and braking loads. (See Figures 47 thru 51) System 3 fatigue analyses
evaluated the following:

e Base Metal in Top Plate between Inclined Webs: The relatively thin (0.25” minimum) top plate
between the inclined webs experiences stress reversal from the moving wheel loads. A single
wheel patch load produces the governing stress range. Based on FEA, the calculated maximum
stress range, produced by the moving wheel patch for the fatigue design loading (13.8 kips), is
approximately 4.25 ksi, which is less the Constant Amplitude Fatigue Threshold, (AF)ry, of 10.2
ksi for Category ‘A’. As such fatigue is not anticipated to be a concern with this fatigue detail.

e Base Metal Immediately Adjacent to FSW Joint: The FSW joint between the extrusion profiles
experiences stress reversal from the moving wheel loads. A single wheel patch load produces
the governing stress range. The tooling marks in the top of the deck plate from the FSW
operations are considered to produce a potential fatigue sensitive detail. The edge of the
tooling marks is located at a distance equal to the radius of the FSW tool shoulder, which is 0.5”
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(i.e. half of the 1” diameter shoulder.) Based on previous research, the HAZ for the FSW joint
generally extends approximately 0.75” from the center of the joint with maximum softening (i.e.
loss in base metal strength) occurring at approximately 0.5” from the center of the joint. The
effects of the tooling marks are anticipated to govern the formation of fatigue cracking of the
FSW joint and the softening of the base material generally does not have a significant effect on
the fatigue resistance of the base metal. Conservatively, the FSW joint will be considered as
Category ‘E’ for a distance of 0.5” from the center of the welded joint. Based on FEA, the
calculated maximum stress range at 0.5” from the center of the FSW joint, produced by the
moving wheel patch for the fatigue design loading (13.8 kips), is less than 0.63 ksi, which is less
than the Constant Amplitude Fatigue Threshold, (AF)ru, of 1.80 ksi for Category ‘E’. As such
fatigue is not anticipated to be a concern with this fatigue detail.

e Base Metal in Inclined Webs: The relatively thin (0.188” minimum) inclined webs, which are
integral with the top plate, experience stress reversal from the moving wheel loads. A single
wheel patch load produces the governing stress range. Based on FEA, the calculated maximum
stress range produced by the moving wheel patch for the fatigue design loading (13.8 kips) is
less than 3.25 ksi, which is less than the Constant Amplitude Fatigue Threshold, (AF)zu, of 10.2
ksi for Category ‘A’ and lower than the stress range in the top plate produced from the same
loading. As such, the inclined webs are not anticipated to control the fatigue design of the deck
and not anticipated to be a concern with this fatigue detail.

e Unfused Seam Tip at FSW Joint Seats: The FSW joint includes built-in permanent backing
(vertical web) with horizontal seats for the top and bottom plates to facilitate single-sided FSW.
FSW is such that the vertical leg of the weld is complete fused while the horizontal leg is
typically unfused for all or portion of the seam. The tip of the unfused horizontal seam of the
FSW joint introduces stress raisers that could be fatigue concern. This fatigue detail is not
classified by AASHTO. A single wheel patch load produces the governing stress range. Based on
FEA, the calculated maximum stress range at the tip of the unfused seam, produced by the
moving wheel patch for the fatigue design loading (13.8 kips), is 1.78 ksi. [NOTE: Stress range
due to braking forces and thermal effects produce lower stress range than fatigue live load.] The
stress range includes stress reversal subject primarily to compression with a maximum tension
value of 0.32 ksi. Research” of this detail indicates that a crack at the seam tip would propagate
at a very slow rate (i.e. 2.2 x10™*> mm/cycle.) This is primarily due to the presence of residual
compression at the seam tip produced by the FSW. The low tension component of the applied
fatigue stress range combined with the residual compression is such that the seam tip remains
in compression. The low stress range at this joint is due to several factors. First, the FSW joint is
significantly thicker than the surrounding top plates and vertical web members and contains a
large fillet. Based on relative stiffness principals, the thin top plate and vertical web greatly
relieves the stress in the thick welded joint. Second, longitudinal deformations from thermal
and live load braking forces are resisted by the significant stiffness of the repeating inclined web
patterns. Third, the FSW joint is located in a bay without inclined web members. Some of the

* Moreira, Jesus, Ribeiro, Castro (2008) Fatigue Crack Growth Behaviour of the Friction Stir Welded 6082-T6
Aluminum Alloy.
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macroetch testing of the trial FSW joints revealed lack of fusion through the horizontal leg of the
“L” shaped joint and the presence of a thin horizontal feature along the joint seat and
emanating from the reentrant corner. Because one-half of the FSW joint is solid, as a fully
integral part of the extrusion, the risk is low that the horizontal feature will propagate into the
solid half of the joint. Despite the above considerations, this is a fatigue detail that will need
additional scrutiny during laboratory testing. Further discussion with HF Webster, the fabricator
that performed the trial FSW, is warranted to determine if adjustments can be made to the FSW
to achieve consistent fusion of the horizontal leg of the welded joint.
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Figure 47 — System 3 Model
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Figure 49 — System 3 Fatigue Analysis Results
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Figure 50 — System 3 Fatigue Analysis Results Figure 51 — System 3 Fatigue Analysis Results
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2.3 DECK TO STRINGER CONNECTION

Deck to Stringer Connection: A slip-resistant connection for live loading is recommended for the deck to

stringer attachment as the high number of repeated cycles of slip (i.e. in the tens-of-millions over a 25 to
75 year period) between the deck and stringers may cause fretting that could wear protective coatings
on the stringers needed to prevent corrosion. Analysis demonstrates that it is practical to design a slip-
resistant connection with a reasonable number of fasteners to resist slip from live load.

However, the combination of thermal forces due to the difference in coefficient of thermal expansion
between aluminum and steel and forces due to live load are too large to design a practical slip-resistant
connection. Slip can be permitted under thermal loading as the number of cycles of thermal loading
that cause slip is low. Once slip due to thermal loading occurs, the built-up forces are relieved until the
next significant thermal variation occurs. Significant changes in temperature large enough to cause slip
tend to be more seasonal and not daily. Even if slip occurred daily, the number of cycles is low (i.e. in
the tens-of-thousands over a 25 to 75 year period) and not anticipated to cause fretting.

In order to make the build-up of thermal forces more manageable for the stringer-to-floorbeam end
connection design, sealed expansion joints are recommended between at the floorbeams and at
midway between the floorbeams.

To resist slip, deck panels are fastened to the top flange of the stringers with a bolted connection using
fully pre-tensioned, conventional 3/4” diameter ASTM A325 bolts of heavy hex (HH) or tension control
(TC) type. Bolts are to be inserted in standard oversize (15/16” diameter) holes in both the deck plate
and stringer flange. The faying surface between the aluminum deck and steel framing have been
previously certified by the Research Council on Structural Connections (RCSC) as meeting the
requirements for a ASTM A325 Class ‘B’ (0.5 coefficient of friction).

The shear flow between the deck and stringers is computed using manual calculations (e.g. spreadsheet
calculations.) In the calculations, the deck is considered fully composite with the stringers but with
discontinuity at the expansion joints. In addition, the deck bottom plate is bolted directly to the stringer
top flange, while the top plate is only attached to the bottom plate by a series of inclined and vertical
web members. The above features introduce shear lag effects, which introduce variations in the
composite section properties along the length of the stringers. The deck is fully non-composite at the
expansion joints and the effective width of the deck increases away from the joints until the full
effective width is achieved. Because the top plate is not directly connected to the stringer and is only
indirectly connected by the deck web members, additional shear lag effects must be considered for the
top plate.

A finite-element analysis confirmed that the bottom plate effective width increases linearly from the
expansion joints at 45 degree angle each side of the axis of the stringer (i.e. effective width = 2 x
distance from the joint.) The top plate effective width increases at a slower rate equal to the square of
the fraction of the bottom plate effective width to the full composite width. (See Figure 55)
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The non-prismatic features introduce differences in how the shear flow between the deck and stringers
is calculated compared to typical composite deck and stringer systems, where the shear flow is
computed simply as VQ/I. With the aluminum orthotropic deck, shear flow must be determined by
computing the rate in change (i.e. slope) of the deck compressive force along the length of the stringers.
The compressive force in the deck is computed using AASHTO LRFD live load moments at the Service |l
Load Combination (both Truck and Tandem Loading with Lane Component), and composite section
properties as described above (i.e. based on effective width of the deck, transformed area, and strain
compatibility.)

The increase in bending moment at the center of the stringer and the discontinuity in the deck at the
mid-span expansion joint, results in a rapid rate of change in deck compression approaching the
discontinuity with a corresponding increase in shear flow. (See Figures 52 thru 54)

The pitch of the bolts is a function of the voids in the deck panel, which are typically at 4%4” on center, At
the end extrusions, bolts must be omitted from the bay with the thicker top and bottom flange. Bolts
can be provided each side of the stringer web and at each of the voids if necessary or can be omitted
from voids as permitted by calculation. The required pitch can be reduced by increasing the stiffness
(i.e. moment of inertia) of the stringer or reducing the stringer spacing.
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2.4 STRINGER DESIGN

Stringer Member: The stringers can be designed accounting for the composite behavior of the deck or
can be conservatively designed as non-composite. The stringer is typically designed conservatively as a
simple-span between floorbeams. Stringers should be analyzed for AASHTO LRFD Service Il
(Deflections), Strength | and Strength Il Load Combinations. AASHTO LRFD Live Loads should include
Truck and Tandem vehicles in combination with lane components as is customary.

Stringer End Connections: The stringer end connections should de designed for combined shear and
resisting end moments. Although stringers are customarily considered simple-span for sizing the
member, the end connections provide significant moment resistance due to the resistance of the
stringer on the opposite side of the intermediate floorbeam. The stringer end connections should
consider the effects of live load and thermal effects due to the difference in coefficients of thermal
expansion between aluminum and steel including both thermal rise and fall. [NOTES: Attempts were
made to introduce a more flexible end connection that would relieve end moments due to thermal
effects. However, the more flexible end connection lacked sufficient capacity to also support live load.]

The proposed stringer connections have been designed to accommodate accelerated bridge
construction. The intent is for the deck to be attached to the stringers in the shop and ship the deck-
stringer unit as an assembly. In order to erect the assembled unit, the stringers must clear the existing
floorbeam top flange. As such, the stringers are cut short, a tee section bolted to the web of the
floorbeam with the stem of the tee aligned with the web of the stringer, and connection plates used
each side of the stringer web similar to a web splice. (See Figures 7 and 8)

Because the aluminum orthotropic deck has the ability to span greater distances than steel open grid
deck, the stringers can be respaced at a greater spacing. The respacing permits the stringers to be offset
from the existing stringers so that the holes of the existing connections can be avoided. It also permits
the new tees to be installed prior to removing the existing steel open grid deck and stringers from
service.

3.0 PROPOSED TEST PROGRAM

Phase 1 — Component Testing : The deck system is to be tested at Florida Department of

Transportation, Structures Research Center, Tallahassee, Florida. (See Test Program Sketches in the
Appendix.) The purpose of Phase 1 of the laboratory load test program is generally to:

1. Verify performance and response of individual deck panels of similar size and boundary
conditions to those proposed for actual in-service conditions, and under loading configurations
and magnitudes consistent with AASHTO LRFD.

a. Measured stresses and deflections will be compared with AASHTO LRFD limits. The
comparison is used to confirm the structural adequacy of the proposed deck design.

b. Measured stresses and deflections will be compared with values computed from finite
element analysis. The comparison is used to confirm the validity of the finite element
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analysis so that the finite element analysis can be used to accurately evaluate additional
loading scenarios not evaluated in the testing as required.

c. Measured stresses and deflections will be compared with those computed using manual
calculations based on use of AASHTO LRFD equivalent strip widths and shear lag effects
based on effective flange width concepts.

2. Verify performance of the proposed wearing surface when the panels are subject to design level
loading. The wearing surface is to be included on the test panels during the testing.

3. Establish temperature gradient design values for the aluminum deck panel and steel stringer
system. Measure thermal variations within the deck panel and stringer during full range of daily
temperature variations to establish values to be used in design.

4. Verify performance of proposed conventional ASTM A325 high-strength fasteners (heavy hex
type and tension control types) and Lindapter Hollo-Bolt High-Clamping Force blind-type
fasteners and for attachment of the deck to the supporting steel framing and performance of
the deck panel at the connection. Measure static tension strength, sustained tension proof
load, static shear strength, and slip-critical shear resistance for each of the fastener types using
supplemental test pieces of the deck. Evaluate constructability of each of the fastener types.

5. The test set-up includes two test panels measuring 7’-7%" x 14’-0” (Gen | Panel) and 8’-3” x 14’-
0” (Gen Il Panel) mounted to three W16x36 Stringers spaced at 6’-0” on center with 1’-4%” and
7%" cantilevers, each side respectively. The deck is attached to the stringers with a series of %”
ASTM A325 Tension Control (TC) Bolts. The stringers are painted with an inorganic zinc primer
and the bottom of the aluminum panels are abrasion blasted to achieve a Class ‘B’ Slip Surface.
The test set-up has specifically been configured for use in Phase 2 — In Service Structural System
Testing. (See Figures 18 thru 23) The shop fabrication will demonstrate constructability.

Phase 2 — In Service Structural System Testing: Following successful Phase 1 - Component Testing, the

Department may consider an additional expanded test program that tests and evaluates the response
and performance of the full structural floor system under actual in service loads on an existing bascule
bridge. (See Test Program Sketches in the Appendix.) Details of Phase 2 — In Service Structural System
Testing are generally anticipated to include the following:

e The recommended test configuration will consist of a single-lane of one intermediate floorbeam
bay of a typical bascule leaf. North Causeway Bridge (940045) in Ft. Pierce, Florida, has been
identified for this purpose. The test can make use of the Phase 1 — Components Testing test set-
up described above. The stringers will frame into three W30x108 (or similar) floorbeams spaced
at 16’-9” on center using the proposed stringer to floorbeam end connection details described
above. The existing steel open grid and stringers in this bay will be removed as a single unit and
stored for future use if needed. Trim pieces will be added to the existing steel open grid deck
and the center stringer modified to facilitate the new aluminum deck unit.

e The deck system will be initially tested by the Department’s Load Rating Trucks. Upon
successful performance the lane will be reopened to vehicular traffic of in service testing.

e Measured stresses and deflections from the Phase 2 — In Service Structural System Testing will
be compared with those from the Phase 1 — Component Testing.
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e The overall performance of the structural system including deck panels, wearing surface, deck to
stringer connections, and stringer to floorbeam connections will be evaluated.

e The constructability of the structural system will be further demonstrated and evaluated.
3.1 DESCRIPTION OF TEST PANELS AND SUPPLEMENTAL TEST PIECES

AlumaBridge, LLC has agreed to provide two (2) panels and supplemental test pieces for the testing. The
first panel consists of Gen | deck panel that measures 7’-7%"” wide x 14’-0” long fabricated by splicing
together six (6) 1’-1%"” wide Primary Extrusions and two (2) 5%” wide End Extrusions using two-sided,
self-reacting friction stir welding. The second panel consists of Gen Il deck panel that measures 8’-3” x
14’-0” long fabricated by splicing together three (3) 1’-6” wide Male-Female Primary Extrusions, one (1)
1’-6” wide Male-Male Primary Extrusions, and two (2) 1’-1%"” wide End Extrusions. The Gen | aluminum
extrusion profiles were extruded at SAPA in Connersville, Indiana and the Gen Il aluminum extrusion
profiles were extruded by Taber Extrusions, LLC, Russellville, Arkansas. Panels were fabricated by friction
stir welding at HF Webster in Rapid City, South Dakota. The wearing surface was applied to the panels
at HRI, Inc. in Williamsport, Pennsylvania. (See Test Program Sketches in the Appendix.)

Supplemental test pieces for additional use and testing consist of a series of 1’-0” long partial deck
panels cut from the individual Gen | Primary Extrusions (12 Req’d).

3.2 PANEL COMPONENT STATIC LOAD TESTING

A series of load tests are proposed using the test set-up described above. Loading is to be applied to the
Gen Il Panel only. (See Test Set-up Drawings in Appendix.) The panel is to receive a series of static loads
in different magnitudes and configurations to simulate the governing AASHTO LRFD design loadings for
the Service |, Service Il, Strength | and Strength Il Load Combinations. Biaxial strain gauges and
deflection gauges placed at specified locations will be used to record the panel stresses and deflections.
(See Test Program Sketches in the Appendix.)

2.5 CONNECTION TESTS

Fasteners: The primary purpose of the fasteners is to connect the deck to the supporting steel framing.
The design of the deck and floor system does not rely on composite behavior between the deck and
supporting stringers. However, it is recognized that some composite behavior is inherent in this
connection. Prevention of slip (relative movement between the deck and stringers) at this connection
under traffic loading is generally desirable for serviceability reasons as repeated slip between the deck
and stringers under traffic loading may cause undesirable fretting that can result in premature
deterioration of protective coatings at the faying surfaces. As such, it is preferable that the fasteners
resist slip under live loads at the Service Il Limit State by way of adequate clamping action produced by
sustained preload from properly tensioned high-strength fasteners. Due to the significant difference in
coefficients of thermal expansion between aluminum and steel, large temperature variations will yield
relative movement between the aluminum deck and steel framing that can also result in slip at the
faying surfaces of the connection. Because large variations in temperature typically occur slowly over
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long periods of time, the number of cycles of slip caused by large temperature variations is anticipated
to be low.

Conventional High-Strength Fasteners: AASHTO LRFD recognizes and permits use of ASTM A325 high-
strength bolts in slip-critical connections for aluminum structures. ASTM A490 high-strength bolts are
not permitted for aluminum structures. Hardened washers are required between the bolt head or nut
and the aluminum surface to prevent galling and relaxation. Sustained proof-load values for ASTM A325
high-strength bolts in aluminum structures using ASTM B221 Alloy 6063-T6 are the same as those for
steel structures, with no measurable relaxation. Pre-tensioning of high-strength fasteners prevents
fasteners from loosening under vibration.

Laboratory testing is to be performed to verify the design values in AASHTO LRFD for ASTM A325 high-
strength bolts used in the aluminum deck to steel stringer connection. As the testing is to be performed
using pieces of the aluminum extrusion, the testing will also be used to evaluate the constructability of
the bolted connections (i.e. bolt installation and tensioning) and performance of the deck panel at the
connections.

Blind-Type Fasteners: Currently, AASHTO LRFD Bridge Design Specifications, AASHTO LRFD Bridge
Construction Specifications, and the FDOT Structures Design Guidelines and Standard Specifications for
Road and Bridge Construction do not address use of blind-type fasteners. As such, laboratory testing is
recommended to verify that the fasteners will adequately perform as intended in this application and to
establish parameters that can be used in development of design and construction specifications.

Blind-type fasteners should be load tested and evaluated for the following:

Static Shear Strength (Bearing)
Static Tension Strength
Static Tension Proof Load

A wnN e

Static Slip-Critical Shear Resistance.

Based on discussions with the District 4 Bridge Maintenance Office, only one type of blind-fastener will
be considered: 3/4" Lindapter High-Clamping Force Hollo-Bolts (LHB-HCF) (Product Code LHBM20#1
Hexagonal Stainless Steel). The LHB-HCF fastener can be field installed to anchor the hollow aluminum
deck panels if required to retrofit a connection. Because sustained pre-tensioning proof loads for this
type of fastener is significantly lower than similarly sized conventional ASTM A325 bolts, the bolt is not
recommended as the primary fastener type in a slip-resistant connection. The bolt is only
recommended in maintenance applications to replace a limited number of conventional ASTM A325
bolts, where required. The fastener is installed in 1-3/8” diameter standard size holes (1/16” in diameter
larger than the split-sleeve).

LHB-HCF were previously tested and evaluated for use in structural steel connections by ICC Evaluation
Service, LLC (ICC-ES), subsidiary of the International Code Council. The testing and evaluation of this
fastener and connection was performed with the purpose of obtaining recognition in the International
Building Code (IBC). The procedures and acceptance criteria for the testing and evaluation are described
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in Report AC437 — Acceptance Criteria for Expansion Bolts in Structural Steel Connections (Blind-Bolts).
No testing and evaluation of the LHB-HCF has been performed for aluminum to steel connections. It is
recommended that testing and evaluation be performed for LHB-HCF in aluminum to steel connection
using similar protocol described in Report AC437 and as described below.

The protocol described in Report AC437 evaluates the fasteners to the provisions of the following AISC
Specifications:

e AISC 360 — Specification for Structural Steel Buildings
e AISC 348 — Specification for Structural Joints using ASTM A325 or A490 Bolts
e AISC 341 — Seismic Provisions for Structural Steel Buildings.

Given the intended use, it is not necessary to evaluate the performance of the fasteners for the
provisions of AISC 341 at this time.

The testing and evaluation criteria generally assess the strength and deformation capacity, service
conditions, design procedures and quality control.

Lindapter reports that LHB-HCF type blind-fasteners can be used as an alternative to bolts conforming to
ASTM A325 Specifications. LHB-HCF fasteners produce a pre-tensioned connection, although the
reported sustained pre-load values are significantly lower than those for standard high-strength steel
connections using ASTM A325 bolts. Published information for steel-on-steel connections lists a an initial
pre-load for 3/4" diameter LHB-HCF fasteners of approximately 14.0 kips and initial loss in pre-load of
approximately 4.0 kips for a net sustained preload of 14.0 kips (approximately half of typical preload for
ASTM A325 of 28.0 kips.)

Fastener installation and tensioning is performed in accordance with Manufacturer’s published
installation instructions using a torque wrench to produce controlled tension forces on the bolt to the
requirements of AISC Specification 348.

Elements to be fastened to each other shall be aligned with uniform bearing and no significant gap
between faying surfaces at the time of bolt tensioning. Clamps or preloading shall be used as required
to eliminate gaps.

LHB-HCF bolts are installed in standard holes as defined in AISC Specification 360, with diameters no
greater than the blind-bolt shell diameter plus 1/16”. Burrs in the holes shall be removed before
inserting the LHB-HCF bolts. Holes are to be drilled from solid with the components in assembly and in
the required alignment. Alternatively, holes can be pre-drilled in the steel support stringer flange and
the holes used as a template to drill the holes in the aluminum orthotropic deck bottom plate. Holes
shall be temporarily aligned with a mandrel (i.e. tapered pin) as required during bolt installation.

In order to establish design values, the protocol described in Report AC437 specifies a minimum of three
tests for each type of test (shear strength, slip-critical shear resistance, and tension strength), and each
size, length and material (including finishes) for the proposed fasteners. In general, the grip length for
the structural connections is anticipated to be relatively consistent (i.e. approximately 1/2” +/- 1/8”
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thick for typical stringer flange plus approximately 3/8” thick for aluminum orthotropic deck bottom
plate.) As such, it will only be necessary to test a single length fastener for each type of blind-fastener.
Based on preliminary analysis of the connections and due to dimensional restrictions associated with the
aluminum orthotropic deck, only 3/4" diameter fastener sizes will be considered. Due to the need for a
pre-tensioned connection only high-strength material (ASTM A325/SAE Grade 5 material or similar) will
be considered. Due to the anticipated salt-water environment, corrosion resistant material or corrosion
resistant finishes will be used. Type 316 stainless steel is available for the LHB-HCF fastener
components. Given the above considerations, there will be only one size, length and material for each
type of fastener that requires testing.

The tested capacity from each of the test protocol shall be the average peak strength of all tested
values. The tested capacity shall be adjusted downward from the actual measured ultimate strength of
the test specimens if the results exceed that of the minimum specified strength of any of the individual
components including that of the aluminum orthotropic deck components.

For the LHB-HCF fasteners, the adjusted fastener capacities for shear and tension are as follows:
Adjusted Shear Capacity = Tested Shear Capacity x a,, where:

_ [DZFyc+(D3% D3 )F uS]Specified

o, =
Y [D§+(D522—D521)Fus] Actual

<1.0

Adjusted Tension Capacity = Tested Tension Capacity x a;, where:

_ [DCZ FuC]Specified

(o <1.0

" [D2Fuc] actuat
and where:
D. denotes Core Diameter
F.c denotes Core Ultimate Strength
D,; denotes Shell Inner Diameter
D,, denotes Shell Outer Diameter
F.s denotes Shell Ultimate Strength

The nominal capacity, R,, of the fastener shall be the lowest adjusted tested capacity from the tests
performed.

All components of the testing apparatus shall have capacities that exceed the ultimate capacity of the
fastener for the test type in question.
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A resistance factor, ¢, shall be determined and applied to the nominal capacity for determining the
AASHTO LRFD load and resistance factor strength. The resistance factor shall be computed per Chapter
F of AISI S100 as follows:

—4.0 /0.053 Cc,V2
@ = 1.672e * T \where

V, = Coefficient of variation of test results > 0.065
(,=57forn=3
n = Number of tests

Static Tension Test: Each fastener type shall be tested to determine tension strength and to verify

proof-load in an assembly using the following approach:

For each test, a single blind-fastener unit shall be installed in a Tension Calibrator (a.k.a. Skidmore-
Wilhelm Calibrator) as an assembly with an aluminum plate equal to the thickness of the aluminum
orthotropic deck bottom plate (3/8”), a steel plate equal to the thickness of the top flange of the steel
support stringer (1/2”), and with fastener installed per the Manufacturer’s recommendations.

Initial assemblies shall be tested to failure as described below to determine the ultimate strength of the
blind-fastener assembly in tension.

1. The blind-fastener shall be initially fastened in a snug-tight condition in accordance with Section
8.1 of AISC 348.

2. A continuous monotonic load shall be increasingly applied at a rate ranging from 25 percent to
100 percent of the blind-fastener anticipated ultimate tension strength until one of the
following occurs:

a. Thereis a sudden failure or zero measured load resistance.
b. There is a 20 percent or greater reduction in measured load resistance.
3. Load application for each test shall be performed over a period of time no less than one minute.

For purpose of estimating a maximum anticipated test load, the ultimate capacity of the bolt in tension
shall be calculated in accordance with Section J3.6 of AISC 360. For the LHB-HCF fasteners, only the
contribution from the bolt core shall be considered with no contribution from the sleeve.

After failure, examine the assembly and report the governing mode(s) of failure of each assembly.

After the ultimate strength of the blind-fastener assembly in tension is determined, verify tension proof
load of the assembly, using a methodology similar to that used to determine the ultimate strength, with
the assembly loaded to a maximum tension equal to 70 percent of the measured ultimate strength in
tension.

1. The blind-fastener shall be initially fastened in a snug-tight condition in accordance with Section
8.1 of AISC 348.
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2. A continuous monotonic load shall be increasingly applied at a rate ranging from 25 percent to
70 percent of the blind-fastener anticipated ultimate tension strength.

3. Load application for each test shall be performed over a period of time no less than one minute.
The tension proof load shall be sustained for a minimum of five days to determine the amount
of relaxation in the assembly, if any.

Static Shear Test: Each fastener type shall be tested for shear in an assembly using the following

approach:

The fasteners shall be installed in a four bolt, single shear lap type joint assembly using the aluminum
orthotropic deck test pieces and the top flange of the steel support stringer.

A displacement measuring device shall be positioned to measure the shear displacement at the
interface between the aluminum orthotropic deck test piece and the steel support stringer in the
direction of loading.

For purpose of estimating a maximum anticipated test load for the LHB-HCF fasteners, the fastener may
be assumed to be a single solid shaft with a nominal diameter equal to the outer diameter of the shell
and ultimate stress of either the shell or outer core.

1. The connection shall be fastened in a snug-tight condition in accordance with Section 8.1 of AISC
348.

2. An initial load equal to five present of the bolt anticipated ultimate shear capacity shall be
applied in order to bring all members into full bearing.

3. A continuous monotonic load shall be increasingly applied at a rate ranging from 25 percent to
100 percent of the bolt anticipated ultimate shear strength until one of the following occurs:

a. Thereis a sudden failure or zero measured load resistance.

b. There is a 20 percent or greater reduction in measured load resistance. This reduction
shall not be attributed to slip or sudden loss in friction strength as verified by the
measured displacement. Loading shall continue if reduction is attributed to slip.

4. Load application for each test shall be performed over a period of time no less than one minute.

After failure, examine the assembly and report the governing mode(s) of failure of each assembly.

Static Slip-Critical Shear Test: Each fastener type shall be tested for slip-critical shear in an assembly

using the following approach:

The fasteners shall be installed in a four bolt, single shear lap type joint assembly using the aluminum
orthotropic deck test pieces and the top flange of the steel support stringer. The faying surfaces shall be
prepared for a Class B surface (0.50 mean slip coefficient.) [NOTE: The use of Class B is consistent with
AISC 360 Section J3.8, ADM Section J3.8, and previous laboratory testing of abrasion blast cleaned
aluminum in contact with hot-dip galvanized or zinc-rich painted steel surfaces. Tests of mill finish
aluminum surfaces that have been degreased and dried exhibited relatively low coefficients of friction,
and thus mill finished aluminum surfaces should not be used.]
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A displacement measuring device shall be positioned to measure the shear displacement at the
interface between the aluminum orthotropic deck test piece and the steel support stringer in the
direction of loading.

The fastener shall be pre-tensioned to the established tension proof load values from the previously
performed Static Tension Tests and in accordance with the Manufacturer’s recommended installation
methods. If the blind-fastener is subject to relaxation, as determined in the Static Tension Tests, the
minimum time for full relaxation to occur shall lapse between the time the fasteners are pre-tensioned
and the testing to allow relaxation to occur.

The anticipated slip friction capacity may be calculated in accordance with Section J3.8 of AISC 360 with
the following parameters:

u = 0.50 assuming Class B surface
D, = 1.13 bolt pretension factor
hs. = 1.0 for standard size hole

N, = 1.0 for a single slip plane

T, = pretension value.

1. A continuous monotonic load shall be increasingly applied at a rate equal to the lesser of 25
kips per minute or 0.003 inch of slip displacement per minute until any of the following
occurs:

a. Thereis 0.05 inch of displacement.
b. There is a 20 percent or greater reduction in measured load resistance.
c. Thereis a sudden failure or zero measured load resistance.

2. Load application for each test shall be performed over a period of time no less than one

minute.
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GENERAL NOTES

A.

DESIGN SPECIFICATIONS

1. FDOT Structures Manual dated January 2016.

2. American Association of State Highway and Transportation Officials (AASHTO)

Load and Resistance Factor (LRFD) Bridge Design Specifications, 7th Edition
and all subsequent interims.

3. American Association of State Highway and Transportation Officials (AASHTO)
Load and Resistance Factor (LRFD) Movable Highway Bridge Design Specifications,

2nd Edition and all subsequent interims.

CONSTRUCTION SPECIFICATION

FDOT Standard Specifications for Road and Bridge Construction, 2016 Edition and

supplements thereto.

VERTICAL DATUM

Vertical datum referenced to National Geodetic Vertical Datum, 1929 (NGVD 29)
ENVIRONMENT

Superstructure:  Extremely Aggressive

DESIGN METHODOLOGY

Load and Resistance Factor Design (LRFD) method using strength, service,
and fatigue limit states.

DESIGN LOADINGS
1. Live Loads: HL-93 with Impact

2. Dead Loads (for Structural Design):

Element Unit Weight
Steel 490 pcf
Aluminum 175 pcf
Aluminum Qrthotropic Deck (incl. Wearing Surface) 21 psf

MATERIALS
1. Structural Steel (U.N.O.)

ASTM A709 Grade 50
ASTM A709 Grade 36

Main Structural Members: *
Secondary Members:

* Main Structural Members: Stringers incl. Connection Ks, Tees and Angles
2. Structural Steel Bolting

All deck panel-to-stringer shop connections shall be made with ¥" Dia.

ASTM A325 high-strength tension control (TC) bolts. All stringer-to-floorbeam
field connections shall be made with %" Dia. ASTM A325 high-strength

heavy hex bolts (U.N.0.)

Bolts, nuts and washers shall be mechanically galvanized per ASTM B695
Class 50. Overtap nuts to minimum required for fastener assembly and coat
with lubricant containing a visible dye. Fasteners shall be passivated with
a non-chromate conversion process in accordance with ASTM B940. Tension
indicator washers shall be not be used. Steel-to-steel connections shall be
slip-critical with Class "A" Surface Condition (0.33 Min. Slip-Coefficient).
Steel-to-aluminum connections shall be slip critical with Class "B" Surface
Condition (0.50 Slip-Coefficient).

3. Structural Aluminum

Structural aluminum shall be ASTM B221 Alloy 6063-T6. Welding and weld
inspection shall be in accordance with AWS D1.2 Structural Welding Code -
Aluminum. Deck panels shall be welded using Friction Stir Welding (FSW).
See Sheet B1-10 for additional details.

4. Stainless Steel
Where specified, stainless steel fasteners shall be ASTM A276, Type 316.
5. Metal Coatings

New steel stringers and associated connection components shall receive
hot-dip galvanized coating after fabrication including bolt holes in accordance
with ASTM Al123. Prepare hot-dip galvanized surfaces for painting in
accordance with ASTM D638 and apply intermediate and finish (top) coats in
accordance with Section 560 of the Specifications. Where specified, existing
structural steel shall receive a thermal spray applied aluminum anode (aluminum
metalizing) primer in accordance with joint standard NACE No. 12/AWS C2.23/
SSPC-CS 23 and the Specifications and shall receive intermediate (seal) and
finish coats in accordance with Section 560 of the Specifications. Prime
coatings shall be applied prior to shop assembly and field erection. Seal and
finish coats shall be applied after field erection.

CONSTRUCTION
1. Construction Phasing

Work phasing and progression of the work shall be in accordance with
the Traffic Control Plans located in the Roadway Plans and the
Traffic Control Phasing in the Structures Plans.

2. Construction over Navigation Traffic

Construction activities not allowed over navigation traffic include but
are not limited to the following:

- Demolition
- Erection of components (e.g. deck-stringer assemblies incl. associ-
ated end connections)

A barge shall occupy the channel below where active work is performed.
No more than half of the channel shall be restricted at any given time.

3. Demolition

Conform to all Federal, State and Local regulations when working with
the existing steel paint coating which has been determined to contain

hazardous levels of lead and other heavy metals. Subcontractors per-
forming any work on components coated with lead-based paint shall be
QP2, Category "A" certified by the Society of Protective Coatings (SPC).

4. Shop Assembly

Shop align the fabricated aluminum deck panels to the steel stringers
and shop drill the holes in the deck and stringers. Preassemble the deck
and stringers on site and erect the pre-assembled units.

5. Field Erection

New stringers are offset from the existing stringers to permit new
stringer end connection tees to be erected in advance of existing deck
and stringer demolition. Slotted holes in the connection tees and
stringer webs have been provided for field adjustment. Bolt tensioning
shall be performed after deck-stringer units are properly aligned.

6. Span Balance

Maintain the bascule leaves in an acceptable level of balance during
construction and achieve an acceptable final balanced condition.
Prepare Balance Calculations and a Construction Balance Plan in
accordance with the requirements of the Specifications.

Temporary Restraints

FProvide temporary restraints to secure the bascule leaves in the lowered
position and prevent the span from raising inadvertently during construction
due to imbalanced conditions. Do not rely on the drive machinery and span
locks to secure the bascule leaves. Temporary restraints shall be designed
and constructed in accordance with the Specifications.

Dimensional Verification

Dimensions shown in the Plans are based on Original Design Plans and
Shop Drawings. Field verify current bascule leaf dimensions and
conditions prior to preparing shop drawings for the new deck system.
Bring to the attention of the Engineer any dimensions and conditions
that vary significantly from the Plans and that effects the work. A
3D Lidar survey of the bascule span shall be used to verify the
current dimensions and conditions.
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I N C-_ - _ ||l ____J|llCZZ””_”___dt——_—_—_—_—_—_4d G| | ® _
S S | Il 1k I S| R 8 () g
" [ T [ I o I v | < =
< o n| = wn
S ([ | B N I = = -
g 11 ‘ | ! N (| s S = =3
L [ e e ! o | = s = S
v 11 ‘ | i | S — e - —————— ez ————— = il = = &
S . i S i | il il [ R ] NG
8 [ ‘ | T T 1 TT %] S
([ s S —— I e | | = e -
! [ e (N i | A o
0 Il ‘ | ! ! I ~EE s R
© Il | ! ! I s o &
[ | B N I Al =] ©
| i::‘::::::::::::: | ! ! I :, g
[ . | | E——— | 1] S S —————— | || SN I —————— R 5
([ ‘ | B N I -
([ | B N I =z 3>
. I o | PANEL "1A PANEL '1A" ||| PANEL '1A PANEL '1A" |||  PANEL '1A PANEL '2A° | | N £
3 1 k—‘ ————————————— ! L L | s §
N ([ N - - _ 8 | x| =
R L e e e e - =1l = g @
([ L | B N I wl
[ ) e N I B N I ol -
o | I Nl I =
1 ‘ | I Nl I ol
([ (R A I I |
. -4 ------- Ije—=--—--g---—---- Jpe—————--—-t-——-—-—-- =i e @
=
[ F—" ———————————— | i " I =
[ | B N I n
|1 I I [ M- I 1 N
(x ]—J_ _‘L ____________ B lE I ——————— — ;l |— Il_: — e e e —— — — — — — :I J—_J_E_______________ _________________ :I _L-_l:
(] J—
= [l | I | | 1 | 'rh ‘_.x‘
=T [ i T i T ininininininininks il ] S
LEGEND i i i K 1 i L 500
R R R R e R R R R R ™™ (] w3
S denotes Stringer Tl I 1T Tl T - I e o
FB denotes Floorbeam L H H H H H H'_ N é‘
CG denotes Counterweight Girder ! — = = = = .
MG denotes Main Girder 15'-0'%¢" - 3" Conc. Filled 56'-4%" - 5" Aluminum Orthotropic Deck, Traffic Separator & Stringers (New) "
Steel Grid Deck (To Remain)
5}%6" - Trim Ang-‘e & Conc. Fill 1" BASCULE LEAF DECK PLAN
(WEST LEAF SHOWN - EAST LEAF SIMILAR)
BRIDGE NO. 860018
REVISIONS George C. Patton, PE ixm:::; STATE OF FLORIDA SHEETTITLE REF. DWG, NO.,
OATE Lo DESFPTION DATE Lid DESCRITTION P.E. ;,icen;: No: 045966 c CHECHED BY. DEPARTMENT OF TRANSPORTATION MODIFIED BASCULE LEAF DECK PLAN
------------------ HARDESTY & HANOVER, LL
RESEARCH PROGRAM : 18302 Highwoods Preserve Parkway DESIGNED BY: ROMDND COuNTY FRANCW PROVELTIO fProsecte SHEET MO,
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5'-0" SIDEWALK

¢ CONSTRUCTION & Bridge (Sym.)

Remove Traffic Separator - Phase 1

23'-0" ROADWAY 2'-0"
6" 11'-0" LANE , 11'-0" LANE 6"
I
23-10%" - Phase 1 (Lt.) & Phase 2 (Rt.) - Remove Deck & Stringers 7
[1F]
o=
5
Remove Spacer Bars =
. from Floorbeam & Main O
Girder Top Flange (Typ.) =
a
Remove 5%¢" Steel
N Open Grid Deck —
—\;I."‘%' o 2] ‘*S:;‘i %‘“7 ZMA i <
- - 4k 45 4k ak 4 N8
Il - ~Z] Ei 7 7 : Nt
o 0 Remove W 14x34 Stringers
ool - & Conn. Angles (Typ.)
\—Modify W 36x160 Floorbeam
4'-3Y 4 Sp. at 4-2%" = 16'-10" 214" Exist. Stringer Spacing
| 23-2y | |
s1 52D (54D

58

PART SECTION THRU BASCULE LEAF - SHOWING DEMOLITION
(FLOORBEAM FB2 SHOWN - FLOORBEAMS FB 1 & FB3 SIMILAR)

BRIDGE NO. 860018

REVISIONS George C. Patton, PE ;’:}:\'f“‘;‘; STATE OF FLORIDA SHEETTITLE: REF. DWG. NO.
OATE DESFPTION DATE Lid DESCRITTION P‘E:]:if:el'lse No: 45966 ) CHECHED BY. DEPARTMENT OF TRANSPORTATION EXISTING BASCULE LEAF TRANSVERSE SECTION “ OF 2)
| RESEARCH PROGRAM || 50 ighwoods Presoe Pty | 0 [ 20 o e o —
I 30% SAMPLE PLANS 1 Suite 114, Tampa, Florida 33647 T AlA srowARD | a19497-1.82.01| LIGHTWEIGHT SOLID DECK RESEARCH PROJECT - SAMPLE PLANS
b e e e e e = —-—— = Certificate of Authorization No. 29741 ' LAS OLAS BOULEVARD BRIDGE DECK REPLACEMENT Bl-6
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¢ CONSTRUCTION & Bridge (Sym.)
|

PART SECTION THRU BASCULE LEAF - SHOWING DEMOLITION
(FLOORBEAM FB4 SHOWN)

5'-0" SIDEWALK 9" 23'-0" ROADWAY 2'-0"
6" 11'-0" LANE , 11'-0" LANE 6"
T
23-10%" - Phase 1 (Lt.) & Phase 2 (Rt.) - Remove Deck & Stringers lgn
[<F]
=
3
Remove Spacer Bars =
. from Floorbeam & Main O
Girder Top Flange (Typ.) =
— g
Q
Remove 5%¢" Steel — Remove Traffic Separator - Phase 1
T _\ Open Grid Deck —
Ooooonooonooonooac[%%ooooocoo‘,%?_L cdoooo‘);?‘oocoooooo —ooooooooo/; cooooooo??ccooooocco??_o
. co uu 1 : }/ a -] a, -] o o a a -] -] a o o
o o o 6l o fe| Zﬁ o % ||~ 1] o a to s
- <l ¢ ¥ a : s 1 9% 7= : o~
o°|l| ¢| Remove Portion of o g R Remove W 14x34 . C Anales & Web |° R
o| Web Stiff. this Location . Stringers (Tvp. onn. Angles e
°. ° % Cut Line |- g (Typ.) Stiff. Angles to Remain °
:0 o 000000 - - o o (Typ‘ _U.N.O.) IOH o 0000000 00000000
%uuuuuooooooooooDououooonoouououuuoo e o o o oo e e ¢ o © © o o o e|le e o o oloefle @ @ ¢ o © o o
4-3l" 4 Sp. at 4'-2%" = 16'-10" 2'-1l" Exist. Stringer Spacing
23-2%" | |

BRIDGE NO. 860018

REWVISIOMNS

DESCRIPTION

DATE

BY

DESCRIPTION

i RESEARCH PROGRAM
v 30% SAMPLE PLANS

George C. Patton, PE ixm::“; STATE OF FLORIDA = REF. DWG. NO.
P,E.;,icen;e No: 045966 c CHECKED-BY: DEPARTMENT OF TRANSPORTATION EXISTING BASCULE LEAF TRANSVERSE SECTION (2 OFZ)
HARDESTY & HANOVER, LL
: - N A - DESIGNED BY: ROAD NO. COUNTY FINANCIAL FROJECTID I vame
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¢ CONSTRUCTION & Bridge (Sym.)

I
2"

5'-0" SIDEWALK 9" 23'-0" ROADWAY
6" 11'-0" LANE , 11'-0" LANE 6"
%" Sealed Jt. 23'-10" - Phase 1 (Lt.) & Phase 2 (Rt.) - Install New Deck & Stringers (PANELS '1A" & '2A') 1" Sealed Jt.
* Fill Unused Holes with %" Dia.
' ASTM A325 Bolt, Nut & Washer (Typ.)
o o
New 5" Aluminum Orthotropic Deck with ¥" Dia. ASTM A325 Tension — New Aluminum Traffic Separator
“ " Thin Epoxy Polymer Wearing Surface — Control (TC) Bolts (Typ.)- \
:o e 6 o o o 0] o o o ] o o o a o o j
nO o _O ° ° -] o ° o -] ° ° o - -] o o -] ° ° o -]
. og | . olo W s O P o o——— O olo 0 O— 0 Ol— #o——— O P ' P 0 Oa—t
a Oo o ° ° -] o ° o k-] ° ° o o -] o o k-] ° ° o o
‘H"'H-\_ Ou Ou o -
= o oo =3 o|o lotted Hol © o|o A
o : ©|o New W 16x50 Stringer ©|o New WT 8x25 Long Slotte oles © -3 %" Dia. ASTM A325
Sl c| el @19 (Typ.) @19 conn. Tee (Typ.) in Tee Flange (Typ.) © d b Heavy Hex Bolts (Typ.)
1 \Exfst, W 36x160
Dim. to End of Panel 1'-9" Floorbeam 1'-2" || Dim. to End of Panel
1'-1" 311" 5-9l" 5_g" 5-9l" 1'-24" | New Stringer Spacing
23-2%" ¢ CONSTRUCTION (Sym.)
‘ 1 }J_Ou
MGL 53 54 S5
(M6RY (510 59 s8 s7 56 )
. HSS 8x4x%6 —— & |—= : W 6x25 Post (Typ.)
¢ CONSTRUCTION & Bridge (Sym.) PART SECTION THRU BASCULE LEAF - SHOWING MODIFICATIONS
3 . (FLOORBEAM FB2 SHOWN - FLOORBEAMS FB 1 & FB3 SIMILAR) \N ‘ . _
L 5x3%x¥ Alum. Conn. Angle %" Alum. Long. Diaph. i ™ ¢ ;?_mfo C‘Baflr(r;om:qa .
Trim Vert. Leg to 2" (Typ. - %" Alum. Trans. Diaph. R at 36" (+/-) o.c. (Typ. R 11— - rigge Rai
rim Vert. Leg to 2" (Typ.) j Sl / 5 ph. | (+/-) (Typ.) bl g po (Modified)
1 I y -
_ 3 _.615"__2’,5"_. — #" Bent Alum. Cover R HSS dxdxV, ——%\' <._ 2"_.6‘:6“._H _.}- Iy
Zo If w — %" Dia. ASTM A193 Grade B7 Mechanically l
Top of Deck T [\ / Galvanized Bolts, Nuts & Washers (Typ.) N Temp. 1¥%"x10"x1'-2"
=
T ¥ %" S.S. Countersunk Screws at 9" o.c. ol /SfEEf Base R (Typ.)
,,3: j - \' [_LIA Drill & Tap to Conn. Angle (Typ.) ™ .[_:. I’,
\\ |’I
~— [
oo o ST oo e A iias-a
- o o / I| o o + ** Bolts used to attach both Traffic L o ° \ L
Q0 ©| O Separator and Temp. Traffic Railing. Q|0 \ OO
o} Q o] o] o (o]
Q|0 o|o Q| OO
° ° oo ] |lelel ° ° °© ° lole . o|o
NT | ¥
L I x 8% Alum. Backing R (Typ.) Temp. ¥'x8%"x1'-2" ‘
Y E Steel Backing R (Typ.)
MEDIAN TRAFFIC SEPARATOR DETAIL TEMPORARY TRAFFIC RAILING
BRIDGE NO. 860018
REVISIONS George C. Patton, PE ;’;-}:W“‘;: STATE OF FLORIDA SeeET T REF. DWG. NO.
OATE Lo DESFPTION DATE Lid DESCRITTION P‘E,‘ ]‘:if.‘el'lse No: 459‘66 ) CHECHED BY. DEPARTMENT OF TRANSPORTATION MODIFIED BASCULE LEAF TRANSVERSE SECTION ” OF 2)
| RESEARCH PROGRAM | 430} Nihuonds Pesen Py | 00w | o0 | oo | roemrers oo =
I 30% SAMPLE PLANS 1 Suite 114, Tampa, Florida 33647 T AlA srowARD | a19497-1.82.01| LIGHTWEIGHT SOLID DECK RESEARCH PROJECT - SAMPLE PLANS
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¢ CONSTRUCTION & Bridge (Sym.)
|

5'-0" SIDEWALK 9" 23'-0" ROADWAY 2'-0"
6" 11'-0" LANE , 11'-0" LANE 6"
1
' Sealed Jt. 23'-10" - Phase 1 (Lt.) & Phase 2 (Rt.) - Install New Deck & Stringers (PANEL '1A') 1" Sealed Jt.
* NOTE: Match Exist. Hole Locations
* NOTE: Offset New Holes from Exist. Hole Locations
I #H NOTE: Grind Flush Residual Stringer Web Base Metal (Typ.)
New 5" Aluminum Orthotropic Deck with 7" Dia. ASTM A325 Tension — New Aluminum Traffic Separator
“ " Thin Epoxy Polymer Wearing Surface — Control (TC) Bolts (Typ.) ~\
- ] [~ * * o wk |
°0°°°“ 8 & o & @ e o & 6466 olo o o ©° o |H|E ooooooc]oooc °°ooooocoooo ocoooooooco o0 olefl e e ol o[fle] o
S U e Telel . offfle o ool .. N REBRE CEEE ool [l .,
oo 0n M o olo)| E E * ol E £ o o ﬂ EE 24 FEE EEE E o olo - lo|o| Al | Fg
o | New W 16x50 ~ i =
o & O o o L]
- || °T° Stringer (Typ.) °T° °T°
o °1° °1° N WT 9x25 ’ % [; ASTM A325 °1° Long Slotted Holes °l° ’ °1° N WT 8x25
e || *— —— New X25 | 5" Dia. A" in Tee Flange (Typ.) . = New X
oo llf ° 29 &% Conn. Tee Heavy Hex Bolts (Typ.) & el el @I conn. Tee (Typ. UN.O.)
° ° |00 Q000000 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 2 0 0 0 0 ° o o
%1.: e o o ¢ e o o o o ofele o o e o o olefee o o e|le o o oflefle ¢ o o © e o o o|lo|efle e e e & & © © © © ° o e olefle @ 2 o o o o o
) ) \Exfsr, R Girder )
Dim. to End of Extrusion 1'-g" Floorbeam 1'-2" | Dim. to End of Panel
-1 3-11" 5'-9%5" 55" 59l 1'-214" | New Stringer Spacing
23-21"
@ (59 (s8> 570 (56
PART SECTION THRU BASCULE LEAF - SHOWING MODIFICATIONS
(FLOORBEAM FB4 SHOWN)
BRIDGE NO. 860018
REVISIONS George C. Patton, PE ixw:‘::; STATE OF FLORIDA SHEETTITLE REF. DWG, NO.,
DAIE DESCRIPTION BAE i DESCRIPTION P.E. License No: 45966 CHECHED BY. DEPARTMENT OF TRANSPORTATION MODIFIED BASCULE LEAF TRANSVERSE SECTION {2 OF 2)
| RESEARCH PROGRAM || 450> Mighvcod Prosne Py | 0 |0 | oom | merers oo
! 30% SAMPLE PLANS 1 Suite 114, Tampa, Florida 33647 cii;;;";_ AlA BROWARD 419497-1-82-01 LIGHTWEIGHT SOLID DECK RESEARCH PROJECT - SAMPLE PLANS
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¢ Bascule Span (Sym.)

+— Remove Exist. Stub
Stringer Strap Rs &
Fill #s (Typ.)

FB2 F81
18'-6" (To FB3) 18'-6" 1y |
Remove Spacer Bars from ) ,
Floorbeam Top Flange (Typ.) Remove Exist. 5%¢" Steel
| Open Grid Deck (Typ.)
ISR AN I LN NN LN, N S WL LN AN N L L ANUIN IR SN NELANE ANLAN, AN R LN AN AN RN AN '
b ANNOONIN NN RN DN N B NOR NI NN NN AN N SNYAN 0% GV NS A

MATCHLINE A-A

Remove Exist. Stringer
Conn. Angles (Typ.)

o ——=—— Exist. W 36x160 Floorbeam

/

Remove Exist. W 14x34 Stringers (Typ.)

PART LONGITUDINAL SECTION THRU BASCULE LEAF

Remove Exist. Stringer /
Conn. Angles (Typ.)

Exist. W 36x160 Floorbeam —=—c—"1-—1

FB3
18'-6" (To FB4) 18'-6" (To FB2)
Remove Spacer Bars from ) N
Floorbeam Top Flange (Typ.) Remove Exist. 5%¢" Steel
| \ Open Grid Deck (Typ.) ‘\ |
@ LN AN AU I A L N A SN AN AR B R SR NN ANLAY AN S SR L ANUEUANER SR SN ANEAN AN B . SN LN AL, j.(
1
ME:% LN R NN A NN YN A NN 1\l\li\l\\L\L\L1\h\L\,L\l\l\m
w [—— =
S / — 3
3 E : :
o =
= d B =
= |
I \ : ,
Remove Exist. Stringer Remove Exist. W 14x34 Stringers (Typ.)
Conn. Angles (Typ.)
= Exist. W 36x160 Floorbeam
PART LONGITUDINAL SECTION THRU BASCULE LEAF
FB4
15'-0" (To CG1) 18'-6" (To FB3)
Remove Exist. 5%¢" Conc. Steel Grid Deck
& Spacer Bars over FB4 Top Flange (Typ.) E Remove Exist. 5%5" Steel
z Open Grid Deck (Typ.) |
3
Exist. 3" Conc. Filled Steel ~ \ T T @
] i RN N AN AN L L LN NN AU I LN NELAN R RN L'd 7
Grid Deck to Remain (Typ.) ——= i SN NEANL ANAN AN S LN AN v @
;\L\l\l\l\l\h\L\L‘L\,,\l\i‘lxﬁ\l\L\L)l\h\L\L l\\lL\l\l\\lg
- ¥ —
Exist. W 14x34 Stringers 5 57 7
to Remain (Typ.) — 5" =
° <
Q." =
&~ \— Exist. Stringer Conn. Angles & \ I
Floorbeam Web Stiffeners to Remove Exist. W 14x34 Stringers (Typ.)
AN Remain (Typ. - U.N.O.)
Cut Line
L\Remove Upper Portion of
Exist. Al J R Select Web Stiff. (Typ.)
xist. Rivete
Girder Floorbeam — |t PART LONGITUDINAL SECTION THRU BASCULE LEAF

\—Remove Exist. W 14x34
. Stub Stringers (Typ.)

BRIDGE NO. 860018

REWVISIONS

DESCRIPTION

DATE BY DESCRIPTION

m—
SHEET TITLE:

i RESEARCH PROGRAM
v 30% SAMPLE PLANS

George C. Patton, PE ixm::“; STATE OF FLORIDA REF. DWG. NO.
P,E.;,icen;e No: 045966 C CHECKED-BY: DEPARTMENT OF TRANSPORTATION EXIST!'NG BASCULE LEAF LONGJ’TUD]’NAL SECT{ON
HARDESTY & HANOVER, LL
: - N I - DESIGNED BY: ROAD NO. COUNTY FINANCIAL FROJECTID I e
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18'-6" (To FB3)

FB2

18'-6"

@ ¢ Bascule Span (Sym.)

114

%u

9'-3" (To ¢ Stringer & Seale

I
d Jt.) ¢ Sealed Jt. 9-3" - PANELS ‘1A

¢ Sealed Jt. 9'-3" - PANELS '2A

Locate Stringer End/Cope below
¢ Vertical Webs (+/-) 1" (Typ.)

Install New 5" Aluminum Orthotropic Deck with
Thin Epoxy Polymer Wearing Surface (Typ.) —\

SYATAVAAARVATAVARVAVARYAYA

Locate Stringer End/Cope below Juncture
of Inclined Webs (+/-) %" (Typ.)

I~

w
§| o 0 00[jfleo 0 © Long Slotted Hol
I |9 900|000 Or— Long Slotted Holes %" Dia. ASTM A325 Tension Control (TC) Long Slotted Holes ;
2| |e ejoeol|llee;cte in Stringer Web (Typ.) Bolt (Typ. - Pitch TBD) in Stringer Web (Typ.)
¥p
= Q@ 9 p0l||leo) 0
| ) "
) . New 7" Conn. s (E.S.) \ Install New W 16x50 Stringers (Typ.) New 7" Conn. Bs (E.S.)
%" Dia. ASTM A325 New WT 8x25 New WT 8x25 :
Heavy Hex Bolts (Typ.) Conn. Tees (Typ.) Conn. Tees (Typ.)
= Exist. W 36x160 Floorbeam Exist. W 36x160 Floorbeam
PART LONGITUDINAL SECTION THRU BASCULE LEAF
18'-6" (To FB4) 18'-6" (To FB2)
|
9-3" (To ¢ Stringer & Sealed Jt.) L Sealed Jt. 9-3" - PANELS '1A' ¢ Sealed Jt. 9-3" (To FB2) - PANELS '1A'
Locate Stringer End/Cope below Install New 5" Aluminum Orthotropic Deck with |
¢ Vertical Webs (+/-) 1" (Typ.) N Thin Epoxy Polymer Wearing Surface (Typ.) —\ |
@ | <
] <
FHAVA AV SVATAYAVAVAVATAVARVAVARYATAVA ATAYATAS AVA AT AVAVATARVATAVA RTAVA RAVATARYA :
W =
S| [e@o0]jffeo oo |5
T © ©00|||©©,® & Long Slotted Holes %" Dia. ASTM A325 Tension Control (TC) |E
‘-|_f| © ©)00||| ©00\ in Stringer Web (Typ.) Bolt (Typ. - Pitch TBD) 5
< © ©00||[|loo© |=
= !

15'-0" (To CG1)

New %" Conn. Rs (E.S.)

New WT 8x25
Conn. Tees (Typ.)

= Exist. W 36x160 Floorbeam

\—Instah’ New W 16x50 Stringers (Typ.)

PART LONGITUDINAL SECTION THRU BASCULE LEAF

FEBE4

18'-6" (To FB3)

T
(f-' Sealed Jt. 9'_3" - PANELS ‘1A

¢ Sealed Jt. 9-3" (To FB3) - PANELS '1A

Install New L 6x4x¥
Angle (Trim Vertical Leg)

Exist. 3" Conc. Filled

Steel Grid Deck { -]

Install New Conc. Fill
over FB4 Top Flange

Locate Stringer End/Cope below
/@ Vertical Webs (+/-) 1" (Typ.)

Install New 5" Aluminum Orthotropic Deck with
Thin Epoxy Polymer Wearing Surface (Typ.) - \

e e
|| @ ®1+—— Long Slotted Holes
o0 in Stringer Web (Typ.)

@@”0 d

\“— %" Dia. ASTM A325 Tension Control (TC)
\ Bolt (Typ. - Pitch TBD)

MATCHLINE B-B

New 7" Conn. Bs (E.S.)

New WT 8x25 or WT 9x25
Conn. Tees (Typ.)

——=—— Exist. Riveted R Girder

\—!nstaﬂ New W 16x50 Stringers (Typ.)

Install New W 16x50 Stub Stringers
with 2 - L 8xdx% Conn. Angles (Typ.)

Floorbeam PART LONGITUDINAL SECTION THRU BASCULE LEAF BRIDGE NO. 860018
_ _ I REVISIC;:T:S _ S— b Fqur:ge C Par_ton. PE 22;:«1‘1:; STATE OF FLORIDA SHEET TILE: REF. DWG. NO.
.E. License No: 45966 CHECHED BY. DEPARTMENT OF TRANSPORTATION MODIFIED BASCULE LEAF LONGITUDINAL SECTION
[l 1 HARDESTY & HANOVER. LLC - —
1 RESEARCH PROGRAM 1 18302 Highwoods Preserve Parkway DZS;'E"‘E;’;“ ROMDND COuNTY WANCIH PROFCTD  Temosecrne SHEET HO.
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9'-2" - PANEL '1A

J:,J2u

Y Epoxy Polymer

Wearing Surface
IEEERAN ’

4 '- i W

1'—01/:1"("') 1'-6" 1'-6" 1'-1 J",E,n 1'-6" 1'-6" f'—O‘l{;”{*}
End Male-Female Male-Female Male-Female Male-Male Male-Female End
Extrusion Extrusion Extrusion Extrusion Extrusion Extrusion Extrusion

\

o )
Wy W

A

[érr

i—l\ En

FANEL LENGTH NO. REQ'D * NOTE: Trim Flanges of 1'-1%" d R Self-tapping Single-sided CJP Friction Stir Welded
A 23-10" 20 End Extrusion by %" Screw Location (Typ.) (FSW) Joint between Extrusions (Typ.)
SECTION THRU PANEL '1A'
10'-13%" - PANEL '2A'
11%/(*) I'-6" 1-6" 1-1%" , I-1%" 16" 16" 11%(**)
End Male-Female Male-Female Male-Female Male-Female Male-Male Male-Female End
Extrusion Extrusion Extrusion Extrusion Extrusion Extrusion Extrusion Extrusion

" Epoxy Polymer
Wearing Surface

/1

'!”2‘“

I

%u

PANEL
o

LENGTH
23'-10" 4

NO. REQ'D \ End R Self-tapping

Screw Location (Typ.)

***  Type 316 5.5. %" Dia. Hexagon Washer Head

Self-tapping Screw in Counterbored Hole.

Install

Pilot Hole in Deck Panels at Each Screw Location.

Seal with ¥%" Bead
Ultra Low Modulus

Y Epoxy Polymer
Silicone Sealant (Typ.) Wearing Surface
15

Fkk = fn

=€‘0
s L %"x5%" End R

NOTE:

PART SECTION A-A AT PANEL ENDS

Install End Rs after Deck Panels bolted to Stringers.

SECTION THRU PANEL '2A

** NOTE: Trim Flanges of 1'-1%"
End Extrusion by 2%"

TABLE 2 - DECK SECTION PROPERTIES
PARAMETER VALUE
Cross Section Area, A 14.29 in2/ft
Moment of Inertia, Ix 58.09 in4/ft

Neutral Axis Ref., ybott 253 in
Neutral Axis Ref., ytop 2.47 in
Section Modulus, Sxbott 23.49 in3/ft
Section Modulus, Sxtop 22.99 in3/ft
Weight (w/o Wear. Surf.) 17.4 psf
Weight (w/ Wear. Surf.) 20.9 psf

NOTE: Minimum Section Properties conservatively
based on 1'-6" Wide Male-Female Extrusions.

\ Single-sided CJP Friction Stir Welded

(FSW) Joint between Extrusions (Typ.)

NOTES:

1.

5.
6

Fabricate Test Panels and provide Supplemental Test
Pieces as shown from ASTM B221 Aluminum Alloy
6063-T6 extrusions.

Fabricate Test Panels using Friction Stir Welding (FSW).
Perform welding and weld inspection in accordance with
AWS D1.2 Structural Welding Code - Aluminum (2014).
Provisions shall be applied with deck considered as
cyclically loaded, tubular structure. FSW joints shall be
treated as vertical complete joint penetration groove
welds with backing material remaining in place.

Prepare and submit Procedure Qualification Records
(PQR), Weld Procedure Specifications (WPS), and Welder
Performance Qualification Records (WPQR). Visually
inspect welds prior to grinding. Perform three tension
test, bend test, and macroetch test on weld tab for top
and bottom plate welds. Perform Ultrasonic Testing (UT)
on a minimum of 10% of weld length.

Panels shall meet the dimensional tolerances listed in
Table 1. Remove scratches and dents that exceed limits
in AWS D1.2, Table 5.3 by grinding smooth. Inspect
repaired areas using Dye-penetrant Testing (PT).

Apply two-coats of Flexolith (Low Modulus Epoxy
Coating and Broadcast Overlay System by Euclid Chemical
Company) to full limits of top surface of panels for
approximate total thickness of ¥%". Apply first coat

at spread rate of 40 - 45 sq. ft. per gal. and second coat
at 22 to 25 sq. ft. per gal. Broadcast overlay shall be
clean #8 basalt aggregate with 0.2% moisture content,
Mohs' Scale Hardness of 6 and loose density of 84 Ibs.
per sq. ft. Apply aggregate in first coat at spread rate
of 1.0 - 1.5 Ibs. per sq. ft. and second coat at 1.5 - 2.0
Ibs. per sq. ft. Abrade surface to receive Flexolith with
abrasive, non-metallic pad. Pressure wash with 5%
solution of Chemetall Aluminum NSS cleaner and water
heated to 120 - 140 deg. F. Remove soap and suds by
pressure cleaning with water no longer beads and air
dry. Apply 15% solution of Chemetall Permatreat 1500
and de-ionized or distilled water using lint free rollers
with %" of finer nap and air dry at 75 - 85 deg. F
temperature and 40 - 60% reative humidity for 24 hours.
Apply Flexolith and broadcast overlay to uniform %"
thickness per coat in clean environment and at 75 - 85
deg. F temperature and 40 - 60% reative humidity.
Prepare test pieces and perform bond strength test (one
for each panel) per ASTM C1583.

Holes for connections (not shown).

Obtain approval from Engineer prior to drilling

holes or adding tabs for lifting and handling.

Extrusions and Deck System are per AlumaBridge, LLC
Proprietary 5-inch Aluminum Orthotropic Deck,
Generation Il Series.

TABLE 1 - PANEL FABRICATION TOLERANCES
PARAMETER TOLERANCE
Length +ly

Width Sy, 0
Squareness (Diag. Var.) +hy
Flatness 7
Edge Straightness W
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REWVISIONS

George C.
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APPENDIX 2

Sample Deck Design Calculations



Deck Design Stresses



Florida Department of Transportation - Bascule Bridge Lightweight Solid Deck Retrofit Research Project

5-inch Aluminum Orthotropic Deck - AlumaBridge Gen I
Deck Design Notes

1 Design is in accordance with the AASHTO LRFD Bridge Design Specifications, 7th Edition (2014)

2 Design is in accordance with 2010 Aluminum Design Manual.

3 Aluminum material is ASTM B221 Alloy 6063-T6

4 Panels are fabricated by welding a series of extrusions together using single-sided complete joint penetration friction-stir welding
(FSW) groove welds at top and bottom plates with permanent backing (extrusion vertical webs centered on joints.)

5 Deck is supported on bascule leaf stringers only with no direct support at main girders and floorbeams.

6 Deck spans transversely between longitudinal stringers.

7 Deck is oriented with primary direction parallel to span direction (i.e. perpendicular to longitudinal stringers.)

8 System 1 Stresses are in secondary direction parallel to stringers and result from flexure of deck and stringers with the deck acting

9 System 2 Stresses are in primary direction perpendicular to stringers and result from flexure of the deck with loading between the

10 System 3 Stresses are in the secondary direction parallel to stringers and result from flexure of the deck top plate and web members

11 Deck panels are connected to stringers with slip-resistant connection (Class 'B' Slip Coefficient) using ASTM A 325 high-strength
bolts in standard oversize holes. Stringer design may neglect composite behavior. Number and pitch of fasteners must consider
composite behavior and is based on live load only (i.e. thermal effects may be neglected by allowing slip under temperature
variations.) See separate spreadsheet for bolted connection.

12 Deck panels are discontinuous at floorbeams and mid-length of stringers. Truck wheel loads placed at free edge of panel control
System 2 Stresses. Truck loading controls over Tandem loading.

13 Maximum deck panel live load deflection has been conservatively computed using FEA for maximum stringer spacing of 6'-0", truck
wheel placed at free edge of panel, and deck simply supported between two stringers. Maxiumum computed live load deflection is
0.090" is equal to L/800. As such, there is no need to compute live load deflections for stringer spacing equal or less than 6'-0".

14 Maximum System 3 Maximum Stresses and Fatigue Stress Range have been computed using FEA, with results conservatively less
than Stress Limits and Nominal Fatigue Resistance. System 3 Stresses and Fatigue Stress Range do not vary among deck
designs. As such, there is no need to compute the System 3 Maximum Stresses and Fatigue Stress Range.

15 Based on testing, System 2 Stresses may be computed using equivalent strip method with equivalent strip widths based on
formulas for reinforced concrete deck. System 2 Stresses based on equivalent strip method shall be multiplied by shear lag
multiplier (1.20 for top of deck and 1.09 for bottom of deck. Deck top plate local wheel patch stresses shall be added to System 2
Stresses when coincident with System 2 Maximum Stresses (e.g. maximum positive flexure.)

16 Deck panel section properties conservatively based on properties of AlumaBridge Gen Il Male-Female Primary Extrusion.

17 Thin epoxy polymer wearing surface not considered in deck section properties.

18 Deck dead load forces may be neglected in computing System 2 Stresses as dead load is a small fraction (1/500) of the live load.



Florida Department of Transportation - Bascule Bridge Lightweight Solid Deck Retrofit Research Project

5-inch Aluminum Orthotropic Deck Design - AlumaBridge Gen Il Deck System
Deck Section Properties (System 2 Primary Direction Perpendicular to Traffic)

4l a4y

v |

PRIMARY DIRECTION SECTION PROPERTIES S
PARAMETER VALUE 3
Cross Section Area, A 14.29 in2/ft =
Moment of Inertia, Ix 58.09 in4/ft
Neutral Axis Ref., ybott 2.527 in
Neutral Axis Ref., ytop 2473 in in
Section Modulus, Sxbott 23.49 in3/ft
Section Modulus, Sxtop 22.99 in3/ft o S
Weight (w/o Wear. Surf.) 17.4 psf =
Weight (w/ Wear. Surf.) 20.9 psf § 0.315" ‘ aly
NOTE: Minimum Section Properties conservatively PRIMARY

based on 1'-6" Wide Male-Female Extrusions.

Weld Area: 0.553 in"2

Total Top Flange Weld Area: 1.107 in™2

P

- 2 75.0”
[— Gross Area: 1.502 in™2

EXTRUSION BASIC DIMENSIONS - MALE-FEMALE

Weld Area: 0.553 in"2

oo

4.000" 4.500" a000" 2750 _

i Gross Area:J 1.502 in~2 ‘

Total Top Flange Gross Area: 7.168 in"™2 —=

Gross Area: 1.181 in"2

Gross Area: 1.802 in"2 Gross Area: 1.18] in™2

Tob: Flarge TOP FLANGE
Slenderness Zone:
b: 2.322 in "
2.322
tmin: 0.250 in r—'—l
tmax: 0.325 in I
tavg: 0.275 in ——1
Vertical Web bst: 8.44 [
Slenderness Zone: B i "R "R
5| Weld Area: - - Welded Zone Welded Zone
Q| 0470 in~2 N ‘
Sy b: 0.777 in <1 e ‘
Top Web Gross t: 0.188 in Inclined Web 3|2 N
Area: 0.721 in™2 b/t: 4.14 T Slenderness Zone: g.§ ‘;:
e L bileo3in =Ty
t: 0188 in S
Bott. Web Gross 1 b: 0.848 in 1 — bst: 8.55 § ~ B,:‘
Area: 0.659 in~2 t: 0.188 in = ;6]' =
™ T b/t: 452 T
5 %
~| Weld Area: ©
<l 0470 in~2 <
1" R "R
VERTICAL WEB Welded Zone I ] I ] Welded Zone
Bottom Flange . ‘ | " Bottom Flange
Slenderness Zone: |, 2:613" | 3.414 | Slenderness Zone:
b: 2.613 in b: 3.414 in
t: 0.375 in t: 0.375 in
bst: 6.97 b/t: 9.10



5-inch Aluminum Orthotropic Deck Design - AlumaBridge Gen Il Deck System
Deck Section Properties (System 2 Primary Direction Perpendicular to Traffic)

Gross Area: 0.480 in™2 Gross Area: 0.480 in~2
Gross Area: 0.427 in™2 Gross Area: 0.427 in™2

Total Top Web Gross Area: 2.776 in™2

Total Bott. Web Gross Area: 2.502 in™2

Gross Area: 0.417 in™2 Gross Area: 0.417 in™2 Gross Area: 0.417 in™2
INCLINED WEBS

Gross Area: 1.846 in™2 Gross Area: 1.846 in™2

Total Bott. Flange Gross Area: 7.612 in™2 ——[i I /—]—\ l /T\ l /T\ 1[ /—]

Gross Area: 1.960 in~2 Gross Area: 1.960 in"2
\ 4.500" | 4.500" 4.500" | 4.500" \
I T T |
1.0" ,r.g“T
Total Bott. Flange Weld Area: 1.125 in™~2
|
Weld Area: 0.563 in™2 BOTTOM FLANGE Weld Area: 0.563 in~2

PRIMARY EXTRUSION - MALE-FEMALE - BREAKDOWN
PRIMARY DIRECTION SECTION PROPERTIES

5-inch Aluminum Orthotropic Deck Design - AlumaBridge Gen Il Deck System
Deck Section Properties (System 2 Secondary Direction Parallel to Traffic)

?\1 Average Thickness Top: 0.414"
SECONDARY DIRECTION SECTION PROPERTIES S Areaibon: o ismy;
PARAMETER VALUE %/\/"‘7 ‘ W
<> z
Cross Section Area, A 10.13 in2/ft 9 2
i M
Moment of Inertia, Ix 51.82 ind/rft = NA ~
Neutral Axis Ref., ybott 2.450 in _ 1 s 1
2 N
Neutral Axis Ref., ytop 2.550 in 2 ~
~ ™~
Section Moduius, Sxbott 21.15 in3/ft ﬁ\ A =
Section Modulus, Sxtop 20.32 in3/ft ,?1 Average Thickness Bottom: 0.430"
o~ - : i
NOTE: Minimum Section Properties conservatively S Ared.Fottom: 273851,
based on I'-6" Wide Male-Female Extrusions.
PRIMARY EXTRUSION - MALE-FEMALE - BREAKDOWN

SECONDARY DIRECTION SECTION PROPERTIES



Florida Department of Transportation - Bascule Bridge Lightweight Solid Deck Retrofit Research Project

5-inch Aluminum Orthotropic Deck Design - AlumaBridge Gen Il Deck System

Design Stress Limits - Transverse Stresses (System 2 Primary Direction Perpendicular to Traffic)

Resistance of Elements in Flexural Compression (AASHTO LRFD 7.5.4.5/ADM B.5.5)
All profile elements are treated as flat elements supported on both edges.

Positive Bending - Top of Deck in Compression

Width Thk Thk Thk Gross Welded Welded Unwelded Welded Equivalent
Qty Area Width Area Unwelded Unwelded Strength Welded Welded Strength Strength ZneFrpAge/
Element Ne b tmin tmax tavg Age by, Avze 6 b/t A Az Frbo A Az Frow Fro NeFrpAge  NAge ZnAge
in in in in in? in in? k/in® k/in? k/in? kips in? k/in®
top flange, inner center 1 2.322 0.250 0.325 0.275 1.802 0.000  0.000 0.300 8.4 325 10.4 325 58.6 1.80
top flang, outer center 2 2.322 0.250 0.325 0.275 1.513 0.000  0.000 0.300 8.4 325 10.4 325 98.3 3.03
top flange, ends 2 1.170 1.000 0.553 325 10.4 221 51.6 2.34
vertical web 1 0.777 0.188 0.721 0.700  0.470 4.1 325 10.4 18.1 13.0 0.72
inclined webs, outer 2 1.603 0.188 0.427 0.000  0.000 8.5 325 10.4 325 27.8 0.85
inclined webs, inner 4 1.603 0.188 0.480 0.000  0.000 8.5 325 10.4 32.5 62.4 1.92
55.5 65.8 7.7 174.4 = 3117 10.7 29.2
ADM B.5.3 AASHTO LRFD 7.5.4.5.2
b/t = bltayg Fop for b/t < Ay Frpo OF Frow = 1.3F¢, AASHTO LRFD 7.5.4.5.1
8 = (tmax - tmin/tmin ~ Fop for Ay <b/t <Ay Frpo OF Fopy = By - mDyi(b/t) Frb = Frbo(1 - Auzo/Agc) + Frow(Awzc/Agc)
Fop for b/t > A Foapo OF W= Ka(BiE)**/(m(bit))
[ 0.90 AASHTO LRFD 7.5.4.2
Fop = 29.2 ksi = design compressive stress = IngFpAg/ZNAge
DF = 26.3 ksi = design compressive stress limit
Negative Bending - Bottom of Deck in Compression
Width Thk Thk Thk Gross Welded Welded Unwelded Welded Equivalent
Qty Area Width Area Unwelded Unwelded Strength Welded Welded Strength Strength ZneFrpAge/
Element Ne b tmin tmax tavg Age by, Awze & b/t A A2 Fobo A A2 Foow Foo NeFpAge  NeAge ZnAge
in in in in in® in in? K/in® k/in® k/in® kips in k/in?
inclined webs, outer 2 1.603 0.188 0.417 0.000  0.000 8.5 325 10.4 325 271 0.83
inclined webs, inner 4 1.603 0.188 0.417 0.000  0.000 8.5 325 10.4 325 54.2 1.67
vertical web 1 0.848 0.188 0.659 0.700  0.470 4.5 325 10.4 16.7 11.0 0.66
bottom flange, center 2 3.414 0.375 1.846 0.000  0.000 9.1 325 10.4 325 120.0 3.69
bottom flange, ends 2 2.613 0.375 1.960 1.000  0.563 7.0 32.5 10.4 26.2 102.5 3.92
54.0 64.0 75.6 169.8 = 3149 10.8 29.2
ADM B.5.3 AASHTO LRFD 7.5.4.5.2
b/t = bltayg Fop for b/t < Ay Fobo OF Frpw = 1.3F¢y AASHTO LRFD 7.5.4.5.1
8= (tmax - tmin)/tmin ~ Frp for Ay < b/t <Ay Fruo OF Fopy = By - mDyi(b/t) Fro = Frioo(1 = Awzo/Age) + Frow(Awze/Age)
Fop for b/t > A, Fnbo OF FrpW= k(Bu E)*/(m(brt))
@ = 0.90 AASHTO LRFD 7.5.4.2
Fop = 29.2
OF,, = 26.3 ksi = design compressive stress limit



5-inch Aluminum Orthotropic Deck Design - AlumaBridge Gen Il Deck System
Design Stress Limits - Transverse Stresses (System 2 Primary Direction Perpendicular to Traffic)

Resistance of Elements in Flexural Tension (AASHTO LRFD 7.5.4.7/ADM F.8.1.2)

Positive Bending - Bottom of Deck in Tension

Yield Failure Controls Rupture Failure Controls
Gross  Welded Welded Unwelded Welded Equivalent Unwelded Welded Equivalent
Qty Area Width Area Strength ~ Strength  Strength ZneFroyAgt/ Strength  Strength ~ Strength ZNeFrnyAgt/
Element Ne Agt by, Azt Frbyo Froyw Frby NeF oy Agt NeAgt ZneAg Frbuo Frouw Frou NeFrbu Agt NeAgt ZnAg
in? in in k/in® k/in® k/in? kips in k/in? k/in® k/in® k/in? kips in k/in®
inclined webs, outer 2 0.417 0.000 0.000 325 10.4 325 271 0.83 426 241 426 355 0.83
inclined webs, inner 4 0.417 0.000 0.000 325 10.4 325 54.2 1.67 426 241 426 711 1.67
vertical web 1 0.659 0.700 0.470 325 10.4 16.7 11.0 0.66 426 241 29.4 19.4 0.66
bottom flange, center 2 1.846 0.000 0.000 325 10.4 325 120.0 3.69 426 241 426 157.3 3.69
bottom flange, ends 2 1.960 1.000 0.563 32.5 10.4 26.2 102.5 3.92 426 241 37.3 146.2 3.92
= 31485 10.8 29.2 T= 42947 10.8 39.9
AASHTO LRFD 7.5.4.7 AASHTO LRFD 7.5.4.7
Froyo = 1.3Fy Fobuo = 1.42Fy,
Fooyw = 1.3Fyw Frouw = 1.42F
Froy = 1.3Fy(1 - AwzdAgy) + Fryu(Auz/Agt) Frou = 1.42F (1 - AuzdAgy) + Fryu(AuzdAgy)
P, = 0.90 AASHTO LRFD 7.5.4.2 P, = 0.75
Fopy = 29.2 Fopy = 39.9
®yFny = 263 OFuwy= 299

26.3 ksi = controlling design tension stress limit

Negative Bending - Top of Deck in Tension

Yield Failure Controls Rupture Failure Controls
Gross  Welded Welded Unwelded Welded Equivalent Unwelded Welded Equivalent
Qty Area Width Area Strength ~ Strength  Strength ZneFroyAgt/ Strength  Strength  Strength ZneFroyAgt/
Element Ne Agt by, Auzt Fobyo Frbyw Foby NeF by Agt NeAgt ZneAgt Fobuo Frbuw Fobu NeFrouAgt  NeAgt ZnAgt
in? in in? k/in? k/in® k/in? k/in? k/in® k/in® k/in? k/in® k/in® kips in? k/in®
top flange, inner center 1 1.802 0.000 0.000 32.5 10.4 325 58.6 1.80 42.6 241 42.6 76.8 1.80
top flange, outer center 2 1.502 0.000 0.000 32.5 10.4 325 97.6 3.00 42.6 241 42.6 128.0 3.00
top flange, ends 2 1.181 1.000 0.553 32.5 10.4 222 52.3 2.36 42.6 241 34.0 80.2 2.36
vertical web 1 0.721 0.700 0.470 32.5 10.4 18.1 13.0 0.72 42.6 241 30.6 22.0 0.72
inclined webs, outer 2 0.427 0.000 0.000 325 10.4 325 27.8 0.85 42.6 241 42.6 36.4 0.85
inclined webs, inner 4 0.480 0.000 0.000 32.5 10.4 32.5 62.4 1.92 42.6 241 42.6 81.8 1.92
= 31172 10.7 29.2 T = 42515 10.7 39.9
AASHTO LRFD 7.5.4.7 AASHTO LRFD 7.5.4.7
Frbyo = 1.3Fy Frbuo = 1.42Fy,
Froyw = 1.3Fyw Frbuw = 1.42F
Frpy = 1.3Fy(1 - AwzdAg) + Fryw(AuzlAgr) Frpu = 1.42F (1 - AuzlAgr) + Fiyu(Auz/Agt)
d, = 0.90 AASHTO LRFD 7.5.4.2 D, = 0.75
Fopy = 29.2 Fopy = 39.9
O F oy = 26.3 O F = 29.9

26.3 ksi = controlling design tension stress limit



5-inch Aluminum Orthotropic Deck Design - AlumaBridge Gen Il Deck System
Design Stress Limits - Longitudinal Stresses (System 3 - Primary Direction Parallel to Traffic)
All profile elements are treated as flat elements supported on both edges.

Resistance of Elements in Flexural Compression (AASHTO LRFD 7.5.4.5/ADM B.5.5)

NOTE: Applies to top plate in flexure directly below the wheel patch. &, = 0.90 AASHTO LRFD 7.5.4.2

AASHTO LRFD 7.5.4.5.2

Frbyo = 1.3F¢y = 32.5 ksi Unwelded Frp for b/t < Aq OyF o = 29.3 ksi = controlling design compression stress limit unwelded

Fooyw = 1.3F cyw = 10.4 ksi Transversely Welded Fop for b/t < Aq DFpyw = 9.4 ksi = controlling design compression stress limit transversely welded

Resistance of Elements in Flexural Tension (AASHTO LRFD 7.5.4.7/ADM F.8.1.2)

NOTE: Applies to top plate in flexure directly below the wheel patch. &, = 0.90 AASHTO LRFD 7.5.4.2
AASHTO LRFD 7.5.4.7 AASHTO LRFD 7.5.4.7
Fbyo = 1.3Fy = 32.5 ksi Unwelded Frbuo = 1.42Fy, = 42.6 ksi D F iy = 29.3 ksi = controlling design compression stress limit unwelded

Froyw = 1.3Fyw = 10.4 ksi Transversely Welded Frouw = 1.42Fy, = 24.1 ksi DF oy = 9.4 ksi = controlling design compression stress limit transversely welded



5-inch Aluminum Orthotropic Deck Design - AlumaBridge Gen Il Deck System
Design Stress Limits - Material Properties (Aluminum Alloy 6063-T6), Slenderness Properties & Resistance Factors

unwelded (o) welded (W
Fu 30 17 |ksi AASHTO LRFD Table 7.4.1-1
Fy 25 8|ksi AASHTO LRFD Table 7.4.1-1
Foy 25 8|ksi AASHTO LRFD Table 7.4.1-3
Feu 18 10.2|ksi AASHTO LRFD Table 7.4.1-3
Fsy 15 4.8|ksi AASHTO LRFD Table 7.4.1-3
E 10,100 10,100|ksi AASHTO LRFD Table 7.4.1-3
By 46.1 13.4|ksi = 1.3F (1+(F,/340)")
Doy 0.382 0.060 |ksi = (By/20)(6By, /E)"?
Cor 80.6 149.6 = 2/3(By/Dyy)
B, 19.0 5.7 |ksi AASHTO LRFD Table 7.5.4.3-2
D, 0.082311 0.013442 AASHTO LRFD Table 7.5.4.3-2
Cs 94.57 173.01 AASHTO LRFD Table 7.5.4.3-2
kq 0.35 0.5 AASHTO LRFD Table 7.5.4.3-3
ko 2.27 2.04 AASHTO LRFD Table 7.5.4.3-3
ke 1 1

Slenderness of Elements in Flexural Compression with Flat Elements Supported on Both Edges (AASHTO LRFD 7.5.4.5.2)

unwelded (o) welded (w)
Negative Positive Negative Positive
m 0.661 0.643 0.661 0.643 =1.15+cy/(2¢,) for -1 < cfc. < 1
=1.3/(1-c,/c,) for c/c. < -1
= 0.65 for cy/c. = -1
[N -2.527 2.473 -2.527 2473
Co 2.473 -2.527 2.473 -2.527
Co/Ce -0.98 -1.02 -0.98 -1.02
A 54.0 55.5 75.6 7.7 = (Bpr - 1.3F¢y)/(mDyy)
Ay 64.0 65.8 169.8 174.4 = (k4Bpr)/(MDyy)

Resistance Factors (AASHTO LRFD 7.5.4.2)

flexural tension, yield >, 0.90
flexural tension, rupture >, 0.75
flexural compression [on 0.90

shear >, 0.90



5-inch Aluminum Orthotropic Deck Design - AlumaBridge Gen Il Deck System
Fatigue Resistance (AASHTO LRFD 7.6.2.2)

NOTE: Fatigue | Limit State - Infinite fatigue life (Constant Amplitude Fatigue Threshold equivalent to 5x1¢ cycles)

Y(Bf)<(AF),
Y= 15
(af) =
(8F), = (AF)ry

Load Factor for Fatigue | Limit State
Live Load Stress Range for Fatigue Load (AASHTO LRFD 3.6.1.4 and 3.6.2)

Nominal Fatigue Resistance = Constant Amplitude Fatigue Threshold

10.2 ksi Category 'A' - Base Metal (System 2 and System 3)

5.4 ksi Category 'B' - Built-up Members using CJP Groove Welds with axis parallel to direction of applied stress (System 2)

System

1.8 ksi Category 'E' - Groove Welds with Permanent Backing with axis perpendicular to direction of applied stress (System 3)

Fatigue S-N Curves

Category

MTMOO ©>

(AF), = CN™/m

y-intercept

cf
(ksi)
96.5
130
278
157
160
174

Slope
m

6.85
4.84
3.64
3.73
3.45
3.42

(AF), = (AF)m[ 5.00E+06

(Af) - Stress Range (ksi)

100.0

-
=3
o

1.0

Fatigue S-N Curves

\

\

1.00E+05

1.00E+06 1.00E+07

Number of Cycles

1.00E+08

= Cat.
= Cat.
=== Cat.
= Cat.
== Cat.

e Cat.

m m O 0O @ >

AASHTO LRFD Deck Design
Ct m (AF)ry N k K(AF )y N'
(ksi) (ksi) (ksi)
96.5 6.85 10.2 5.00E+06  0.38 3.85  3.83E+09
130 4.84 5.4 5.00E+06  0.71 3.85  2.50E+07
96.5 6.85 10.2 5.00E+06  0.42 425  1.95E+09
160 3.45 1.8 5.00E+06  0.35 0.63  1.98E+08
(AF)ry = Constant Amplitufe Fatigue Threshold
N = No. of Cycles of Stress at (AF)y
Y(Af) = k(AF )y = Factored Live Load Fatigue Stress Range - Calculated with FEA
k = Ratio of Calculated Fatigue Stress Range to (AF)ry
Category A B C D E F
N (Af) (Af) (Af) (Af) (Af) (Af)
1.00E+05 18.0 12.0 11.8 7.2 5.7 6.0
5.00E+05 14.2 8.6 7.6 4.7 3.6 3.8
1.00E+06  12.8 7.5 6.2 3.9 29 3.1
10.2 54 4.0 25 1.8 1.9
1.00E+07 9.2 47 3.3 21 1.5 1.6
5.00E+07 7.3 3.3 21 14 0.9 1.0
1.00E+08 6.6 29 1.8 1.1 0.8 0.8



Florida Department of Transportation - Bascule Bridge Lightweight Solid Deck Retrofit Research Project

5-inch Aluminum Orthotropic Deck - AlumaBridge Gen Il Deck System
Transverse Live Load Flexural Stresses (System 2 Primary Direction Perpendicular to Traffic)

NOTE: Compute deck bending moments with manual calculations or simple 2D computer frame analysis. Analysis below
is for deck panel with three equally spaced stringers (i.e. two span continuous).

P= 16.0 kips AASHTO LRFD HL-93 Truck Wheel Load
YL = 1.75 Load Factor - Strength | Limit State
| = 0.33 Dynamic Load Allowance
p= 1.20 Multi-presence Factor
P'= 44.69 kips =y P(1+)p
s = 6.00 ft Truck Wheel Line Spacing
L= 6.00 ft Stringer Spacing
a= 3.00 ft Distance from End Support to Wheel Line
b= 3.00 ft Distance from Intermediate Support to Wheel Line
Mgimpie = PL/4 150 P

Maximum Positive Flexure

Reactions, R (Single Wheel Line)

atR;'=  0.406 P = (Pb/4L°)[4L*-a(L+a)]
atR,= 0688 P = (Pa/2L°)[2L*+b(L+a)]
atRy=  -0.094 P = -(Pab/4L°)(L+a)
1.000 P
Continuity
X Factor Negative Flexure
(ft) Shear, V Moment, M = kPL/4 k Moment, M
0.00 atRy' = 0.000 P 0.000 P 0.0 Kip-ft
0.00 atRy' = 0.406 P 0.000 P
3.00 atP, = 0.406 P 1.219 P 0.813 54.5 kip-ft
3.00 atP, = -0.594 P 1.219 P
6.00 atR,' = -0.594 P -0.563 P -0.375 -25.1 kip-ft
6.00 atR,' = 0.094 P -0.563 P
12.00 atRy' = 0.094 P 0.000 P 0.0 Kip-ft
12.00 atRy' = 0.000 P 0.000 P

NOTE: Continuity Factor, k = 0.80 is reasonable.
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5-inch Aluminum Orthotropic Deck - AlumaBridge Gen Il Deck System
Transverse Live Load Flexural Stresses (System 2 Primary Direction Perpendicular to Traffic)

Maximum Negative Flexure

Reactions, R (Two Wheel Lines)

atR,' = 0.313 P
atR,' = 1.375 P
atR;' = 0.313 P
2.000 P
Continuity
Factor Negative Flexure
(ft) Shear, V Moment, M = kPL/4 k Moment, M
0.00 atR,' = 0.000 P 0.000 P 0.0 kip-ft
0.00 atRy' = 0.313 P 0.000 P
3.00 atP, = 0.313 P 0.938 P 0.625 41.9 kip-ft
3.00 atP, = -0.688 P 0.938 P
6.00 atRy' = -0.688 P -1.125 P -0.750 -50.3 kip-ft
6.00 atRy' = 0.688 P -1.125 P
9.00 atP, = 0.688 P 0.938 P 0.625 41.9 kip-ft
9.00 atP, = -0.313 P 0.938 P
12.00 atRj' = -0.313 P 0.000 P 0.0 kip-ft
12.00 atRj' = 0.000 P 0.000 P

NOTE: Continuity Factor, k = 0.80 is conservative.
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5-inch Aluminum Orthotropic Deck - AlumaBridge Gen Il Deck System
Equivalent Strip Width (System 2 Primary Direction Perpendicular to Traffic)

S= 6.00 ft Stringer Spacing
Interior Strip Width (Positive Flexure), be = 26.0 + 6.6S (in) AASHTO LRFD 4.6.2.1.3
be = 65.6 in
Interior Strip Width (Negative Flexure), be = 48.0 + 3.0S (in) AASHTO LRFD 4.6.2.1.3
be = 66.0 in
Transverse Edge Strip Width (Positive Flexure), be = 0.5*(26.0 + 6.6S) AASHTO LRFD 4.6.2.1.4c
be = 32.8in = 273 ft
Transverse Edge Strip Width (Negative Flexure), be = 0.5%(48.0 + 3.0S) AASHTO LRFD 4.6.2.1.4c
be = 33.0in = 275 ft
Shear Lag Multiplier - Top, t,, = 1.20
Shear Lag Multiplier - Bott., t,, = 1.09
Local Wheel Patch Stress - Top, p, = 4.0 ksi

Maximum Live Load Positive Flexure - Strength | Limit State

Max. Positive Moment, +M,, = 54.5 kip-ft = 653.6 Kip-in
Unit Max. Positive Moment = +M,, /b, = 19.9 kip-ft/ft = 19.93 kip-in/in
Unit Deck Section Modulus - Top, S, = 22,99 in%/ft = 1.92 in%in
Max. Positive Flexural Stress - Top, f,, = 16.5 ksi
Unit Deck Section Modulus - Bott., S,;, = 23.49 in’ft = 1.96 in’fin
Max. Positive Flexural Stress - Bott., f,, = -11.1 ksi
Maximum Live Load Negative Flexure - Strength | Limit State
Max. Positive Moment, +M, = -50.3 kip-ft = -603.3 kip-in
Unit Max. Positive Moment = +M,, /b, = -18.3 kip-ft/ft = -18.28 kip-in/in
Unit Deck Section Modulus - Top, S, = 22.99 in’/ft = 1.92 in’fin
Max. Negative Flexural Stress - Top, fy; = 11.5 ksi
Unit Deck Section Modulus - Bott., S,;, = 23.49 in’fft = 1.96 in’fin

Max. Negative Flexural Stress - Bott., fy, = -10.2 ksi



Deck-Stringer Bolted Connection Design



FLORIDA DEPARTMENT OF TRANSPORTATION - BASCULE BRIDGE LIGHTWEIGHT SOLID DECK RETROFIT RESEARCH PROJECT
5-INCH ALUMINUM ORTHOTROPIC DECK-STRINGER CONNECTION
DECK-STRINGER CONNECTION NOTES

1 Deck panels are attached to stringers using bolted connection.

2 Deck panels are discontinuous at floorbeams and mid-length of stringers.

3 Asslip-resistant connection for live loading is recommended for the deck to stringer attachment as the high number of repeated
cycles of slip (i.e. in the tens-of-millions over a 25 to 75 year period) between the deck and stringers may cause fretting that could
wear protective coatings on the stringers needed to prevent corrosion.Composite behavior between deck and stringers is achieved
with slip-resistant connnection (Class 'B' Slip Coefficient) using 3/4-inch ASTM A 325 high-strength bolts. Deck is considered
composite for live load only. Slip is permitted under thermal effects.

4
The deck is considered fully composite with the stringers, but with discontinuity at the expansion joints. In addition, the deck bottom
plate is bolted directly to the stringer top flange, while the top plate is only attached to the bottom plate by a series of inclined and
vertical web members. The above features introduce shear lag effects, which introduce variations in the composite section
properties along the length of the stringers. The deck is fully non-composite at the expansion joints and the effective width of the
deck increases away from the joints until the full effective width is achieved. Because the top plate is not directly connected to the
stringer and is only indirectly connected by the deck web members, additional shear lag effects must be considered for the top plate.
A finite-element analysis confirmed that the bottom plate effective width increases linearly from the expansion joints at 45 degree
angle each side of the axis of the stringer (i.e. effective width = 2 x distance from the joint.) The top plate effective width increases at

a slower rate equal to the square of the fraction of the bottom plate effective width to the full composite width. See Figure 1 below.
5 The non-prismatic features introduce differences in how the shear flow between the deck and stringers is calculated compared to

typical composite deck and stringer systems, where the shear flow is computed simply as VQ/I. With the aluminum orthotropic deck,
shear flow must be determined by computing the rate in change (i.e. slope) of the deck compressive force along the length of the
stringers. The compressive force in the deck is computed using AASHTO LRFD live load moments at the Service Il Load Combination
(both Truck and Tandem Loading with Lane Component), and composite section properties as described above (i.e. based on
effective width of the deck, transformed area, and strain compatibility.)

6 The pitch of the bolts is a function of the voids in the deck panel, which are typically at 45" on center, At the end extrusions, bolts
must be omitted from the bay with the thicker top and bottom flange. Bolts can be provided each side of the stringer web and at
each of the voids if necessary or can be omitted from voids as permitted by calculation. The required pitch can be reduced by
increasing the stiffness (i.e. moment of inertia) of the stringer or reducing the stringer spacing.

<t | )
| L |
31 |
| 4
| .i

Figure 1- Deck Effective Width Shear Lag Distribution



FLORIDA DEPARTMENT OF TRANSPORTATION - BASCULE BRIDGE LIGHTWEIGHT SOLID DECK RETROFIT RESEARCH PROJECT

5-INCH ALUMINUM ORTHOTROPIC DECK-STRINGER CONNECTION
AASHTO LRFD HL-93 TANDEM LOADING - EXTERIOR STRINGER (LEFT)

COMPUTE LIVE LOAD SHEAR FLOW THRU DECK CONNECTION FASTENERS AT SERVICE Il LIMIT STATE

AASHTO LRFD DESIGN LIVE LOADS, LL: AXLE 1
(kips)

Design Truck: 25.0

Lane Load:

Dynamic Load Allowance, IM: 0.33

Load Factor, Y;: 1.30

Distribution Factor (1): 0.604

Multi-presence Factor, m : 1.20

Distribution Factor (1): 0.771

Multi-presence Factor, m : 1.00

AASHTO LRFD DISTRIBUTION FACTOR:

Lever Rule =
DF = 0.725
DF= 0.771
Use DF = 0.771

NOTES:
(1) Distribution Factor per Lever Rule

SPACING AXLE 2 SPACING AXLE 3
(ft) (kips) (ft) (kips)
4.00 25.0

Service Il Limit State

Single Lane
Single Lane
Two Lanes
Two Lanes

Table 4.6.2.2.3a-1 (Concrete Deck on Steel Beams)
Lever Rule - Single Lane (NOTE: § < 6.0' Wheel Line Spacing)
Lever Rule - Two Lanes (NOTE: S > 4.0' Wheel Line Spacing)

Controlling DF

(2) Number of Stringers (3) asssumes that the deck is typically configured in independent units approximately equal to the lane widths with longitudinal

expansion joints along the lane lines.
(3) Interior stringer controls over exterior stringer for shear connector design.

BRIDGE CONFIGURATION
Stringer Span Length, L= 16.75 ft
Deck Cantilever Length, C= 0.63 ft

Stringer Spacing, 6.00 ft
Deck Slab Thickness, t, = 5in
Number of Stringers, N, (2) = 3
Stringer Size: W 16x50
Stringer Inertia, I, = 659 in*
Stringer Area, A = 14.7 in’
Stringer Depth, d = 16.26 in
Steel Modulus of Elasticity, Eqee = 29000 ksi
Alum. Deck Top Plate Unit Area = 4.84in* per ft
Alum. Deck Top Plate Unit Inertia = 0.066 in" per ft
Alum. Deck Bott. Plate Unit Area = 5.02 in’ per ft
Alum. Deck Bott. Plate Unit Inertia = 0.073 in" per ft
Alum. Modulus of Elasticity, Ejm = 10100 ksi
Alum. Deck Max. Effective Width, b,: 3.63 ft
Alum. Deck Top PI. Transformed Area, A': 6.11in*
Alum. Deck Top Pl. Transformed Inertia, I',: 0.08 in*
Alum. Deck Bott. PI. Transformed Area, A": 634 in’

Alum. Deck Bott. PI. Transformed Inertia, I',: 0.09 in*

Alum. Deck Top Plate Average Thickness = 0.4036 in
Alum. Deck Top Plate Min.Thickness = 0.25in
Alum. Deck Bott. Plate Average Thickness = 0.4184 in
Alum. Deck Bott. Plate Min.Thickness = 0.375in



Effective Slab Width

Fraction of Full

Fraction of Deck Total Fraction of

FULL COMPOSITE SECTION PROPERTIES - AT 0.00 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®
1*=3Ad%+3, = 659.0 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.05 L % Bott. Plate Effective = 40.34% % Top Plate Effective = 16.28% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 1.00 21.06 21.0 11.05 1216 0.0 1.4625 0.4034 0.4034 0.1628
Transformed Deck Bott. Plate 2.56 16.47 42.1 6.47 106.9 0.0 1.4625 0.4034 1.0000 0.4034
Stringer 14.7 8.13 119.5 1.87 51.6 659.0
SUM 18.25 10.00 182.59 280.1 659.1
Sdecktop = 85.0
IA* = 3.55in’ Sgeckbott = 145.3
Q* = 3A*y* = 27.54in®
1*=3Ad%+3, = 939.2 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.10 L % Bott. Plate Effective = 63.45% % Top Plate Effective = 40.26% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 2.46 21.06 51.8 9.84 2385 0.0 2.3000 0.6345 0.6345 0.4026
Transformed Deck Bott. Plate 4.02 16.47 66.2 5.25 111.0 0.1 2.3000 0.6345 1.0000 0.6345
Stringer 14.7 8.13 119.5 3.09 140.0 659.0
SUM 21.18 11.22 237.58 489.4 659.1
Sdecktop = 116.7
IA* = 6.48 in’ Sgeckbott = 218.6
Q* = 3A*y* = 4536 in®
1*=3Ad%+3, = 11485 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.15 L % Bott. Plate Effective = 86.55% % Top Plate Effective = 74.91% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 4.58 21.06 96.5 8.69 345.9 0.1 3.1375 0.8655 0.8655 0.7491
Transformed Deck Bott. Plate 5.49 16.47 90.4 4.10 92.3 0.1 3.1375 0.8655 1.0000 0.8655
Stringer 14.7 8.13 119.5 4.24 264.1 659.0
SUM 24.77 1237 306.32 702.2 659.1
Sdecktop = 156.7
IA* = 10.07 in’ Sgeckbott = 3320
Q* = 3A*y* = 62.30 in®
1*=3Ad%+3, = 1361.4 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.20 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = SA*y* = 71.41in*
1*=3Ad%+3l, = 1481.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.25 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = SA*y* = 71.41in*
1*=3Ad%+31, = 14811 in*

Effective Slab Width

Fraction of Full

Fraction of Deck Total Fraction of



FULL COMPOSITE SECTION PROPERTIES - AT 0.30 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = 3A*y* = 71.41in*
1*=3Ad%+3, = 1481.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.35 L % Bott. Plate Effective = 86.55% % Top Plate Effective = 74.91% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 4.58 21.06 96.5 8.69 345.9 0.1 3.1375 0.8655 0.8655 0.7491
Transformed Deck Bott. Plate 5.49 16.47 90.4 4.10 92.3 0.1 3.1375 0.8655 1.0000 0.8655
Stringer 14.7 8.13 119.5 4.24 264.1 659.0
SUM 24.77 1237 306.32 702.2 659.1
Sdecktop = 156.7
IA* = 10.07 in’ Sgeckbott = 3320
Q* = 3A*y* = 62.30 in®
1*=3Ad%+3, = 1361.4 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.40 L % Bott. Plate Effective = 63.45% % Top Plate Effective = 40.26% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 2.46 21.06 51.8 9.84 2385 0.0 2.3000 0.6345 0.6345 0.4026
Transformed Deck Bott. Plate 4.02 16.47 66.2 5.25 111.0 0.1 2.3000 0.6345 1.0000 0.6345
Stringer 14.7 8.13 119.5 3.09 140.0 659.0
SUM 21.18 11.22 237.58 489.4 659.1
Sdecktop = 116.7
IA* = 6.48 in’ Sgeckbott = 218.6
Q* = SA*y* = 4536 in®
1*=3Ad%+3l, = 11485 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.45 L % Bott. Plate Effective = 40.34% % Top Plate Effective = 16.28% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 1.00 21.06 21.0 11.05 1216 0.0 1.4625 0.4034 0.4034 0.1628
Transformed Deck Bott. Plate 2.56 16.47 42.1 6.47 106.9 0.0 1.4625 0.4034 1.0000 0.4034
Stringer 14.7 8.13 119.5 1.87 51.6 659.0
SUM 18.25 10.00 182.59 280.1 659.1
Sdecktop = 85.0
IA* = 3.55in’ Sgeckbott = 145.3
Q* = SA*y* = 27.54in®
1*=3Ad%+31, = 939.2 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.50 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®
1*=3Ad%+3l, = 659.0 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of



FULL COMPOSITE SECTION PROPERTIES - AT 0.55 L % Bott. Plate Effective = 40.34% % Top Plate Effective = 16.28% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 1.00 21.06 21.0 11.05 1216 0.0 1.4625 0.4034 0.4034 0.1628
Transformed Deck Bott. Plate 2.56 16.47 42.1 6.47 106.9 0.0 1.4625 0.4034 1.0000 0.4034
Stringer 14.7 8.13 119.5 1.87 51.6 659.0
SUM 18.25 10.00 182.59 280.1 659.1
Sdecktop = 85.0
IA* = 3.55in’ Sgeckbott = 145.3
Q* = 3A*y* = 27.54in®
1*=3Ad%+3, = 939.2 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.60 L % Bott. Plate Effective = 63.45% % Top Plate Effective = 40.26% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 2.46 21.06 51.8 9.84 2385 0.0 2.3000 0.6345 0.6345 0.4026
Transformed Deck Bott. Plate 4.02 16.47 66.2 5.25 111.0 0.1 2.3000 0.6345 1.0000 0.6345
Stringer 14.7 8.13 119.5 3.09 140.0 659.0
SUM 21.18 11.22 237.58 489.4 659.1
Sdecktop = 116.7
IA* = 6.48 in’ Sgeckbott = 218.6
Q* = 3A*y* = 4536 in®
1*=3Ad%+3, = 11485 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.65 L % Bott. Plate Effective = 86.55% % Top Plate Effective = 74.91% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 4.58 21.06 96.5 8.69 345.9 0.1 3.1375 0.8655 0.8655 0.7491
Transformed Deck Bott. Plate 5.49 16.47 90.4 4.10 92.3 0.1 3.1375 0.8655 1.0000 0.8655
Stringer 14.7 8.13 119.5 4.24 264.1 659.0
SUM 24.77 1237 306.32 702.2 659.1
Sdecktop = 156.7
IA* = 10.07 in’ Sgeckbott = 3320
Q* = SA*y* = 62.30 in®
1*=3Ad%+3l, = 1361.4 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.70 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = SA*y* = 71.41in*
1*=3Ad%+31, = 1481.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.75 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = 3A*y* = 71.41in*
1*=3Ad%+3l, = 1481.1 in*

Effective Slab Width

Fraction of Full

Fraction of Deck Total Fraction of



PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.80 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = 3A*y* = 71.41in*
1*=3Ad%+3, = 1481.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
FULL COMPOSITE SECTION PROPERTIES - AT 0.85 L % Bott. Plate Effective = 86.55% % Top Plate Effective = 74.91% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 4.58 21.06 96.5 8.69 345.9 0.1 3.1375 0.8655 0.8655 0.7491
Transformed Deck Bott. Plate 5.49 16.47 90.4 4.10 92.3 0.1 3.1375 0.8655 1.0000 0.8655
Stringer 14.7 8.13 119.5 4.24 264.1 659.0
SUM 24.77 1237 306.32 702.2 659.1
Sdecktop = 156.7
IA* = 10.07 in’ Sgeckbott = 3320
Q* = 3A*y* = 62.30 in®
1*=3Ad%+3, = 1361.4 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.90 L % Bott. Plate Effective = 63.45% % Top Plate Effective = 40.26% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 2.46 21.06 51.8 9.84 2385 0.0 2.3000 0.6345 0.6345 0.4026
Transformed Deck Bott. Plate 4.02 16.47 66.2 5.25 111.0 0.1 2.3000 0.6345 1.0000 0.6345
Stringer 14.7 8.13 119.5 3.09 140.0 659.0
SUM 21.18 11.22 237.58 489.4 659.1
Sdecktop = 116.7
IA* = 6.48 in’ Sgeckbott = 218.6
Q* = SA*y* = 4536 in®
1*=3Ad%+3l, = 11485 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.95 L % Bott. Plate Effective = 40.34% % Top Plate Effective = 16.28% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 1.00 21.06 21.0 11.05 1216 0.0 1.4625 0.4034 0.4034 0.1628
Transformed Deck Bott. Plate 2.56 16.47 42.1 6.47 106.9 0.0 1.4625 0.4034 1.0000 0.4034
Stringer 14.7 8.13 119.5 1.87 51.6 659.0
SUM 18.25 10.00 182.59 280.1 659.1
Sdecktop = 85.0
IA* = 3.55in’ Sgeckbott = 145.3
Q* = SA*y* = 27.54in®
1*=3Ad%+31, = 939.2 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 1.00 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®
1*=3Ad%+3l, = 659.0 in"



LIVE LOAD SHEAR, Y,,Vy,
LANE LOADING COMPONENT

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE1at0.05 AXLE1at0.10 AXLE1at0.15 AXLE1at0.20 AXLE1at0.25 AXLE 12t 0.30 AXLE1at0.35 AXLE 12t 0.40 AXLE1at0.45 AXLE 12t 0.50
LOCATION ~ LOCATION SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV,
() (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips)
Ry 54 54 54 54 54 54 54 5.4 54 54
0.00 0.000 54 54 54 54 54 54 54 54 54 54
0.05 03838 438 18 48 48 438 18 438 48 48 18 Live Load Shear
0.10 1675 43 43 43 43 43 43 43 43 43 43 HL-93 Loading (Lane Component)
015 2513 38 38 38 38 38 38 38 38 38 38
020 3350 32 32 32 32 32 32 32 32 32 32 5
025 4188 27 27 27 27 27 27 27 27 27 27 4 I
030 5.025 21 21 21 21 21 21 21 21 21 21 N )
0.35 5.863 16 16 16 16 16 16 16 16 16 16 —Series2
0.40 6.700 11 11 11 11 11 11 11 11 11 11 2 —— Series3
045 7538 05 05 05 05 05 05 05 05 05 05 71 o Seriest
0.50 8375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 g, — oress
055 9213 05 05 05 05 05 05 05 05 05 05 5 !
0.60 10050 11 1 11 1 11 11 11 1 11 11 51 ——Series§
0.65 10888 16 16 16 16 16 16 16 16 16 16 2 - Series?
0.70 11725 21 21 21 21 21 21 21 21 21 21 s  Seriess
0.75 12563 27 2.7 27 2.7 27 2.7 27 2.7 27 2.7 )
0.80 13.400 3.2 32 3.2 32 3.2 32 32 32 3.2 32 -4 Series9
085 14238 38 3.8 38 3.8 38 3.8 38 3.8 38 3.8 s ——Series10
0.90 15.075 43 43 43 43 43 43 43 43 43 43 00 01 02 03 04 05 06 07 08 09 10 Seriesi1
095 15913 48 4.8 48 4.8 48 4.8 48 4.8 48 4.8 Fraction of Stringer Length, L
1.00 16750 54 5.4 54 5.4 54 5.4 54 5.4 5.4 5.4
Ra 54 54 54 54 54 54 54 54 54 54
LIVE LOAD SHEAR, Y,V
TRUCK LOADING COMPONENT
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE1at0.05 AXLE1at0.10 AXLE1at0.15 AXLE 1at0.20 AXLE1at0.25 AXLE 12t 0.30 AXLE1at0.35 AXLE 12t 0.40 AXLE1at0.45 AXLE 12t 0.50
LOCATION ~ LOCATION SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV, SHEAR, YV,
() (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips)
Ry 553 520 487 154 420 387 354 320 287 254
0.00 0.000 553 520 287 154 220 387 354 320 287 254
0.05 0.838 220 520 487 154 220 387 35.4 320 287 254 Live Load Shear
0.10 1675 220 187 487 154 220 387 35.4 320 287 254 HL-93 Loading (Truck Component)
015 2513 220 187 154 154 220 387 35.4 320 287 254
020 3350 20 187 154 120 220 387 35.4 320 287 254
025 4188 220 187 154 120 87 387 35.4 320 287 254
030 5.025 113 187 154 120 87 54 35.4 320 287 254 2
035 5.863 113 146 154 120 87 54 20 320 287 254 eries3
0.40 6.700 113 146 -18.0 120 87 54 20 13 287 254
045 7538 113 146 -18.0 213 87 54 2.0 13 46 254 7
0.50 8375 13 146 180 213 246 54 2.0 13 26 8.0 £ —— Series5
055 9213 113 146 180 213 246 279 20 13 26 80 5 ——Series6
0.60 10050 113 146 -18.0 213 246 279 313 13 46 8.0 5  seriesy
0.65 10888 113 146 -18.0 213 246 279 313 346 46 8.0
0.70 11.725 113 146 -18.0 213 246 27.9 313 346 -37.9 8.0 o Seriess
075 12563 113 146 -18.0 213 246 279 313 346 -37.9 413 Series9
0.80 13.400 113 146 -18.0 213 246 279 313 346 -37.9 413 ‘ — Series10
085 14238 113 146 -18.0 213 246 279 313 346 -37.9 413 i cerioct
0.90 15.075 113 146 -18.0 213 246 279 313 346 -37.9 413 00 01 02 03 04 05 06 07 08 09 10
095 15913 113 146 -18.0 213 246 279 313 346 -37.9 413 Fraction of Stringer Length, L
1.00 16750 113 -146 -18.0 213 246 279 313 346 -37.9 413

Rs 113 146 18.0 213 24.6 27.9 313 34.6 379 413



LIVE LOAD SHEAR, Y,,Vy,

TOTAL LOADING

ABSOLUTE ENVELOPE NEGATIVE ENVELOPE  POSITIVE ENVELOPE LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
SHEAR, Y,V SHEAR, Y,V SHEAR, Y,V AXLE 1at 0.05 AXLE 13t 0.10 AXLE 1at0.15 AXLE 13t 0.20 AXLE 1at0.25 AXLE 13t 0.30 AXLE 12t 0.35 AXLE 13t 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION  LOCATION SHEAR, Y, Vi, SHEAR, Y,V SHEAR, Y.V, SHEAR, Y,V SHEAR, Y, Vi, SHEAR, Y,V SHEAR, Y, Vi, SHEAR, Y,V SHEAR, Y.V, SHEAR, Y,V
(ft) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (Kips) (kips) (kips)
Ra 60.7 16.7 60.7 60.7 57.4 54.1 50.7 47.4 44.1 40.7 37.4 341 30.7
0.00 0.000 60.7 -46.6 60.7 60.7 57.4 54.1 50.7 474 241 40.7 374 341 30.7
0.05 0.838 56.8 -46.1 56.8 26.9 56.8 535 50.2 46.9 435 40.2 36.9 335 30.2 Live Load Shear
0.10 1675 53.0 -45.6 53.0 263 23.0 53.0 296 463 3.0 39.7 363 330 29.7 HL-93 Loading (Total)
0.15 2513 49.1 -45.0 291 258 225 19.1 49.1 45.8 224 39.1 35.8 325 29.1
0.20 3.350 452 -44.5 452 253 219 186 153 452 419 386 35.2 319 286 1
0.25 4.188 44.0 -44.0 414 247 214 18.1 14.7 11.4 414 38.0 34.7 314 28.0 €0 — ——ENVELOPE
030 5.025 401 -40.1 375 9.1 20.8 175 142 10.9 75 375 342 30.8 275 20 gh.. / ——Series2
25 et
035 5.863 36.2 362 336 9.7 -13.0 17.0 136 103 7.0 37 336 303 27.0 4 —— ——Series3
0.40 6.700 324 324 29.8 -102 -135 -169 131 9.8 6.4 31 02 29.8 26.4 3B A= —— i )
0.45 7.538 285 -28.5 259 -10.8 -14.1 17.4 -20.7 9.2 59 26 0.8 41 259 7 3 ‘—% —Seriest
0.50 8.375 246 246 246 113 -14.6 -18.0 213 246 5.4 2.0 13 4.6 -8.0 Sk ——Seriess
055 9.213 285 285 259 118 152 -185 218 252 285 15 18 52 85 ] ——Seriess
0.60 10.050 324 324 29.8 124 157 -19.0 224 257 290 324 24 5.7 9.0 ] = o Series?
0.65 10.888 36.2 362 336 -12.9 162 -19.6 229 262 296 329 362 6.2 96 18 = —:
0.70 11.725 40.1 -40.1 375 -13.4 -16.8 -20.1 -23.4 -26.8 -30.1 -33.4 -36.8 -40.1 -10.1 e —= = —Series8
0.75 12.563 24.0 -44.0 414 -14.0 -17.3 206 -24.0 273 306 -34.0 37.3 -40.6 -44.0 3 =Y Seri
0.80 13.400 452 -44.5 452 -145 -17.8 212 245 -27.8 312 345 37.8 412 -44.5 i s——— —— Series10
0.85 14.238 49.1 -45.0 491 -15.0 -18.4 217 250 -28.4 317 -35.0 384 -41.7 -45.0 20 —eriesit
0.90 15.075 53.0 -45.6 53.0 -156 -189 222 256 289 322 -35.6 389 422 -45.6 00 01 02 03 04 05 06 07 08 09 10
0.95 15.913 56.8 -46.1 56.8 -16.1 -19.5 -22.8 -26.1 -29.4 -32.8 -36.1 -39.4 -42.8 -46.1 Fraction of Stringer Length, L ENVELOPE
1.00 16.750 60.7 -46.6 60.7 -16.7 -200 233 267 -30.0 333 -36.6 -40.0 433 -46.6
Re 60.7 167 60.7 16.7 20.0 233 26.7 30.0 333 36.6 200 433 266




LIVE LOAD MOMENT, Y,My,
LANE LOADING COMPONENT

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION ~ LOCATION MOMENT, Y,M, ~ MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M;,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT, Y M,
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 03838 43 43 43 43 43 43 43 43 43 43 Live Load Moment
0.10 1675 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 HL-93 Loading (Lane Component)
0.15 2513 115 115 115 115 115 115 115 115 115 115
0.20 3.350 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 2
025 4.188 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 ‘ o Seriest
030 5.025 18.9 189 18.9 189 18.9 189 18.9 189 18.9 189 2 s
035 5.863 205 205 205 205 205 205 205 205 205 205
0.40 6.700 216 216 216 216 216 216 216 216 216 216 = ——Series3
045 7.538 223 223 223 223 223 223 223 223 223 223 s ——Seriesd
0.50 8.375 225 225 225 225 225 225 225 225 25 225 < — eriess
055 9.213 23 223 23 223 23 223 23 223 23 223 s )
0.60 10.050 21.6 216 216 216 216 216 216 216 216 216 §10 ~Series6
065 10.888 205 205 205 205 205 205 205 205 205 205 = Series7
0.70 11.725 18.9 189 18.9 189 18.9 189 18.9 189 18.9 189 5 Seriess
075 12.563 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 cerieso
0.80 13.400 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4
0.85 14.238 115 115 115 115 115 115 115 115 115 115 0 Series10
0.90 15.075 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 00 01 02 03 04 05 06 07 08 09 10 Series11
095 15.913 43 43 43 43 43 43 43 43 43 43 Fraction of Stringer Legnth, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rg
LIVE LOAD MOMENT, Y,My,
TRUCK LOADING COMPONENT
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION  LOCATION MOMENT, Y,M, ~ MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M;,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y M,
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 6.4 136 4058 380 352 324 296 268 2.0 212 Live Load Moment
0.10 1675 64.8 87.1 815 76.0 70.4 64.8 59.2 53.6 481 425 HL-93 Loading (Truck Component)
0.15 2513 833 102.8 1223 1139 105.6 97.2 88.8 80.5 721 63.7
0.20 3.350 1017 1184 1352 151.9 140.8 129.6 118.4 107.3 9.1 85.0 250
025 4.188 1202 1341 148.1 162.0 176.0 162.0 148.1 1341 1202 106.2 o Seriest
030 5.025 1324 149.8 160.9 1721 1832 194.4 177.7 160.9 1442 127.4 200 = )
0.35 5.863 122.9 159.2 173.8 182.2 190.5 198.9 207.3 187.7 168.2 148.7 (7 //’\ —Series2
0.40 6.700 1134 146.9 180.4 1922 197.8 203.4 209.0 2146 1922 169.9 z 2277 ; ——Series3
045 7.538 104.0 1347 165.4 196.1 205.1 207.9 2107 2135 2163 1912 & 150 /4‘ QO ——Seriesd
0.50 8.375 945 1224 1503 1783 206.2 2124 2124 2124 2124 212.4 = 72 \ Seriess
055 9.213 85.1 1102 1353 160.4 1855 2107 214.1 2113 2085 205.7 H 7 \ ]
0.60 10.050 75.6 98.0 1203 1426 164.9 187.2 209.6 2102 2047 199.1 5 100 7 3 —Serless
065 10.888 66.2 85.7 105.2 124.8 1443 163.8 183.4 202.9 200.8 1924 = 7; Series7
0.70 11.725 56.7 735 90.2 107.0 1237 1404 157.2 1739 190.7 185.7 o / \ | Seriess
075 12.563 473 61.2 75.2 89.1 103.1 117.0 131.0 144.9 158.9 172.8 )
0.80 13.400 37.8 29.0 60.1 713 825 93.6 104.8 1159 127.1 1383 ‘ Seriesd
0.85 14.238 284 36.7 451 53.5 618 70.2 78.6 87.0 95.3 103.7 0 Series10
0.90 15.075 18.9 245 301 35.7 412 26.8 524 58.0 63.6 69.1 00 01 02 03 04 05 06 07 08 09 10 Series11
095 15.913 95 122 15.0 17.8 206 234 26.2 29.0 318 34.6 Fraction of Stringer Length, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rs



LIVE LOAD MOMENT, Y,My,
TOTAL LOADING COMPONENT

LOCATION LOCATION

ABSOLUTE ENVELOPE NEGATIVE ENVELOPE ~ POSITIVE ENVELOPE
MOMENT, Y, My, MOMENT, Y(My,  MOMENT, Y My,

Live Load Moment
HL-93 Loading (Total)

300

250

\

N
]
S

(f)
Ry
0.00 0.000
0.05 0.838
0.10 1.675
0.15 2.513
0.20 3.350
0.25 4.188
0.30 5.025
0.35 5.863
0.40 6.700
0.45 7.538
0.50 8.375
0.55 9.213
0.60 10.050
0.65 10.888
0.70 11.725
0.75 12.563
0.80 13.400
0.85 14.238
0.90 15.075
0.95 15.913
1.00 16.750

(kip-ft) (kip-ft) (kip-ft)
0.0 0.0 0.0
50.6 13.7 50.6
95.2 27.0 95.2
133.8 39.8 133.8
166.3 52.2 166.3
192.8 64.1 192.8
2133 75.6 2133
227.7 86.6 227.7
236.2 97.2 236.2
238.5 107.4 238.5
234.9 117.0 234.9
2385 107.4 2385
236.2 97.2 236.2
227.7 86.6 227.7
2133 75.6 2133
192.8 64.1 192.8
166.3 52.2 166.3
133.8 39.8 133.8
95.2 27.0 95.2
50.6 13.7 50.6
0.0 0.0 0.0

Momnet (kip-ft)

.
]
3

-
)
3

/A

00 01 02 03 04 05 06 07
Fraction of Stringer Length, L

e ENVELOPE
——Series2
———Series3
——Seriesd
e Series5
wSeriesé
e Series7
e Series8
Series9
~Series10

Series11

Rg




LIVE LOAD DECK TOP PLATE STRESS, Y0,

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1 at 0.45 AXLE 13t 0.50
LOCATION ~ LOCATION Satcenter deck top late AVG STRESS, Yy,  AVG STRESS,Yyo,  AVG STRESS, Y0,  AVG STRESS,Y 0,  AVGSTRESS, Y 0,  AVGSTRESS,Y,0,  AVGSTRESS,Y,o, AVGSTRESS,Y,o,  AVGSTRESS,Y,0, AVG STRESS,Y 0,  AVG STRESS, Y 0y
(ft) (in%) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . )
0.05 0.838 85.0 25 25 24 22 21 19 18 17 15 14 13 Section Properties, S,
0.10 1675 1167 34 26 34 32 3.0 2.8 26 24 22 20 18
0.15 2513 156.7 36 25 3.0 36 33 31 29 27 25 22 20
0.20 3.350 1835 38 26 3.0 34 38 35 33 3.0 238 25 23 1200
025 4.188 1835 4.4 31 34 3.8 41 44 41 3.8 34 31 28
030 5.025 1835 49 34 38 41 43 46 49 45 41 37 33 1000
035 5.863 156.7 6.1 3.8 48 5.2 5.4 56 5.9 6.1 56 5.0 45 T
0.40 6.700 1167 85 4.8 6.0 72 77 7.9 8.1 83 85 77 6.9 < 800
045 7.538 85.0 117 6.2 77 9.2 107 11.2 113 115 116 117 105 -
0.50 8375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 w0
055 9.213 85.0 117 53 65 7.8 9.0 10.2 115 116 115 114 112 H —Sxct
0.60 10.050 1167 85 35 43 5.1 5.9 6.7 75 83 83 8.1 7.9 H / \ / .
065 10.888 156.7 6.1 23 28 34 39 44 49 5.4 6.0 59 57 § 0
0.70 11.725 1835 49 17 21 25 29 32 36 4.0 4.4 48 47 &
075 12.563 1835 4.4 15 18 21 24 27 3.0 3.4 37 40 43 200
0.80 13.400 1835 38 12 14 17 20 22 25 27 3.0 32 35
0.85 14.238 156.7 36 11 13 15 17 20 22 24 26 2.8 3.1 0
0.90 15.075 1167 34 10 12 14 16 18 20 22 24 26 28 00 01 02 03 04 05 06 07 08 09 10
095 15.913 85.0 25 07 08 09 11 12 14 15 16 18 19 Fraction of Stringer Legnth, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
R
LIVE LOAD DECK BOTTOM PLATE STRESS, Y0,
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION ~ LOCATION Satcenter deck bottplte AVG STRESS, Yy,  AVG STRESS,Yyo,  AVGSTRESS, Y0,  AVG STRESS,Y 0,  AVGSTRESS,Y 0,  AVGSTRESS,Y,0,  AVGSTRESS,Y,o, AVGSTRESS,Y,o,  AVGSTRESS,Y,0, AVG STRESS,Y 0,  AVG STRESS, Y 0y
(ft) (in%) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 1453 15 15 14 13 12 11 11 10 09 08 07
0.10 1675 2186 18 14 18 17 16 15 14 13 12 11 10
0.15 2513 3320 17 12 14 17 16 15 14 13 12 11 09
0.20 3.350 4255 16 11 13 15 16 15 14 13 12 11 10
025 4.188 4255 19 13 15 16 18 19 18 16 15 13 12
030 5.025 4255 21 15 17 18 19 20 21 19 18 16 14
035 5.863 3320 29 18 23 24 26 27 28 29 26 24 21
0.40 6.700 2186 45 26 32 39 41 42 43 44 45 41 37
045 7,538 1453 6.9 36 45 5.4 63 65 6.6 6.7 6.8 6.9 6.1
0.50 8.375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
055 9.213 1453 6.9 31 38 45 53 6.0 6.7 6.8 6.7 6.6 66
0.60 10.050 2186 45 19 23 27 3.1 36 4.0 44 4.4 43 4.2
0.65 10.888 3320 29 11 13 16 18 21 23 26 28 2.8 27
0.70 11.725 4255 21 07 09 11 12 14 16 17 19 21 20
075 12.563 4255 19 06 08 09 10 12 13 15 16 17 19
0.80 13.400 4255 16 05 06 07 08 10 11 12 13 14 15
0.85 14.238 3320 17 05 06 07 08 09 10 11 12 13 14
0.90 15.075 2186 18 05 06 07 08 09 10 12 13 14 15
095 15.913 1453 15 04 05 06 06 07 08 09 10 10 11
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rg




LIVE LOAD DECK COMPRESSIVE FORCE, Y,P\| geck

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE1at0.05 AXLE1at0.10 AXLE1at0.15 AXLE1at0.20 AXLE1at0.25 AXLE 12t 0.30 AXLE1at0.35 AXLE 12t 0.40 AXLE1at0.45 AXLE 12t 0.50
LOCATION ~ LOCATION Adeceton Adeckbort FORCE, Y,P,, FORCE, Y,/P,, FORCE, Y,P,, FORCE, Y,/P,, FORCE, Y,P,, FORCE, Y,/P,, FORCE, Y,P,, FORCE, Y,/P,, FORCE, Y,P,, FORCE, Y,/P,, FORCE, Y,P,,
() (in?) (in?) (Kips) (kips) (Kips) (kips) (Kips) (Kips) (Kips) (Kips) (Kips) (kips) (kips)
Re
0.00 0.000 0.00 0.00 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
0.05 0838 1.00 256 178 178 168 158 14.9 139 129 119 109 100 9.0 Deck Live Load Axial (Compression) Force
0.10 1675 246 202 451 345 451 225 398 372 345 319 293 26.6 2.0 .
015 2513 458 5.49 735 52.0 627 735 68.9 643 507 55.1 505 459 213 HL-93 Loading (Total)
020 3350 6.11 634 9.2 67.2 769 865 9.2 898 833 769 704 639 57.5 140
025 4188 6.11 634 1116 793 873 95.4 1035 1116 1035 95.4 873 793 712 ENVELOPE
030 5.025 6.11 634 1234 875 976 104.0 1105 117.0 1234 1137 1040 944 847 120 ; '
035 5.863 458 5.49 125.1 787 987 106.7 1113 115.9 1205 125.1 1143 103.6 929 £ N —Series2
0.40 6.700 246 202 1119 64.0 799 95.7 1013 104.0 106.6 1093 1119 1013 908 g 100 3 ——Series3
045 7.538 1.00 256 839 444 55.2 66.0 768 80.0 810 82.0 829 83.9 75.1 s . o Seriest
0.50 8375 0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 g \ 1 / = )
055 9213 1.00 256 839 378 266 554 643 731 820 832 822 812 80.2 % | /’\ _Serfess
0.60 10050 246 202 1119 6.1 56.7 67.2 778 88.4 99.0 1095 109.9 107.2 1046 5 /—'\\ —— Series6
0.65 10888 458 5.49 125.1 4756 583 69.0 798 905 1012 1119 1227 1215 1169 S w0 J — —Series7
0.70 11725 6.11 634 1234 437 534 63.1 728 825 922 101.9 1116 1212 118.4 = y  seriess
075 12563 6.11 634 1116 371 5.2 533 613 69.4 775 855 936 1017 109.8 R \ )
0.80 13.400 6.11 6.34 96.2 30.2 367 43.1 49.6 56.0 625 69.0 75.4 819 88.3 , AN Series9
085 14238 458 5.49 735 219 265 311 357 403 449 295 541 587 633 o ——Series10
0.90 15.075 246 202 451 1238 154 181 207 234 260 287 313 340 366 00 01 02 03 04 05 06 07 08 09 10 Seriesi1
095 15913 1.00 256 17.8 438 58 638 78 838 9.7 107 117 127 13.7 Fraction of Stringer Length, L
1.00 16750 0.00 0.00 0.0 00 0.0 00 0.0 00 0.0 00 0.0 00 0.0
Rg
LIVE LOAD DECK CONNECTION SHEAR FLOW, Y\, gecy
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10

NEGATIVE ENVELOPE  POSITIVE ENVELOPE ABSOLUTE ENVELOPE

AXLE 1 at 0.05

AXLE1at0.10

AXLE 1at0.15

AXLE 1at0.20

AXLE 1at0.25

AXLE 1at0.30

AXLE 1at0.35

AXLE 1 at 0.40

AXLE 1 at 0.45

AXLE 1 at 0.50

LOCATION ~ LOCATION ~ SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEAR FLOW,Y,q,
(ft) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in)
Ra
0.00 0.000 136 177 177 177 167 158 148 138 128 119 .09 0.99 0.89
0.05 0838 2.28 282 282 167 282 265 248 232 215 1.99 1.82 1.66 1.49 Deck to Stringer Connection Live Load Shear Flow
0.10 1675 265 3.08 3.08 174 175 3.08 2.89 2.70 2.50 231 211 192 172 HL-93 Loading (Total)
015 2513 2,50 272 272 151 1.40 130 272 254 235 217 1.98 1.80 161
0.20 3.350 213 217 217 1.20 1.04 088 0.72 217 201 185 1.69 153 137
0.25 4188 -1.95 1.98 1.98 082 1.02 086 0.70 054 1.98 182 166 150 134 A
0.30 5.025 11 113 113 -0.87 011 026 0.08 011 -0.29 113 1.03 092 0.82 ——Seriesl
035 5.863 -1.87 142 187 147 -1.87 109 -0.99 118 138 157 -0.24 023 021 )
0.40 6.700 2.96 2.75 2.96 195 2.45 2.96 2.44 239 255 2.72 2.88 173 -1.56 5 )
045 7,538 835 8.28 835 442 -5.49 6.57 764 7.96 -8.06 -8.16 825 835 7.47 £ Ag\ N\ —Series3
0.50 8375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3 o ——seriest
055 9213 835 828 835 3.76 764 552 6.40 7.28 815 328 318 3.08 7.98 s 7 \@ ——Seriess
0.60 10.050 2.96 2.75 2.96 083 1.00 117 135 152 1.69 262 2.75 259 242 5 seriess
0.65 10.888 -1.87 142 187 015 0.16 018 019 021 022 024 127 142 123 &
0.70 11.725 11 113 113 038 -0.49 -0.59 -0.69 -0.80 -0.90 -1.00 11 -0.03 0.15 ¥/
0.75 12.563 -1.95 1.98 1.98 -0.66 -0.82 -0.98 114 130 -1.46 162 179 195 -0.86 Y/
0.80 13.400 213 217 217 -0.69 -0.85 101 117 133 -1.49 165 181 197 213 Seriesd
0.85 14.238 250 272 272 083 101 120 138 157 .75 194 212 231 250 : — erioeto
0.90 15.075 265 3.08 3.08 -0.90 110 129 -1.49 168 187 2.07 2.26 2.46 265 00 01 02 03 04 05 06 07 08 09 10
0.95 15.913 2.28 282 282 0.79 -0.96 112 -1.29 145 162 179 195 212 -2.28 Fraction of Stringer Length, L
1.00 16.750 -1.36 177 177 -0.48 -0.58 -0.68 -0.77 -0.87 -0.97 107 -116 -1.26 -1.36

Ry




LIVE LOAD DECK MOMENT, Y\ My geci

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 13t 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION ~ LOCATION Vaeckton Vaeckbort MOMENT, YuMyges  MOMENT, Y My ey MOMENT, Y My, gece - MOMENT, Yy My, geqe MOMENT, YyMy ges MOMENT, YyMy ge MOMENT, YyMy geci MOMENT, YuMyi gec MOMENT, Y My gecs MOMENT, YoMy ey
(ft) (in) (in) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 12.93 834 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 03838 12.93 834 151 143 134 126 118 109 101 93 8.4 76 Deck Live Load Moment
0.10 1675 12.93 834 311 406 38.2 35.8 334 311 28.7 263 239 216 .
0.15 2513 12.93 834 48.9 58.9 69.0 64.7 60.4 56.1 51.7 474 431 38.8 HL-93 Loading (Total)
0.20 3.350 12.93 834 64.4 737 83.0 923 86.1 79.9 73.7 67.5 613 55.1 140
025 4.188 12.93 834 76.0 83.8 915 99.3 107.0 99.3 915 83.8 76.0 68.3
030 5.025 12.93 834 83.9 93.6 99.8 106.0 1122 1184 109.1 99.8 90.5 81.2 120 ——Series1
035 5.863 12.93 834 74.0 927 1002 104.5 108.8 1132 117.5 107.4 97.3 87.2 Series2
0.40 6.700 12.93 834 57.5 71.8 86.1 911 935 95.9 98.3 1006 911 81.6 _ 100 )
0.45 7.538 12.93 8.34 377 4638 56.0 65.1 67.8 68.7 69.5 703 712 637 % — Series3
0.50 8.375 12.93 834 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 = 80 ——Seriest
055 9.213 12.93 834 320 395 47.0 545 62.0 69.5 705 69.7 688 68.0 g \ M \ o Seriess
0.60 10.050 12.93 834 414 50.9 60.5 70.0 79.5 89.0 98.5 98.8 96.4 94.0 E — seriess
0.65 10.888 12.93 8.34 a7 548 64.8 749 85.0 95.1 105.1 1152 1141 109.8 z | eries
0.70 11.725 12.93 834 420 513 60.5 69.8 79.1 88.4 97.7 107.0 1163 1136 —Serles?
075 12.563 12.93 834 356 433 511 58.8 66.6 743 82.0 89.8 97.5 1053 2 ——Series8
0.80 13.400 12.93 834 29.0 35.2 414 476 53.8 59.9 66.1 723 78.5 84.7 Serieso
0.85 14.238 12.93 834 205 24.9 29.2 335 37.8 421 46.5 50.8 55.1 59.4 0 )
0.90 15.075 12.93 834 115 139 163 186 21.0 234 25.8 282 305 329 00 01 02 03 04 05 06 07 08 08 1o " Seriesl0
095 15.913 12.93 834 41 49 5.8 66 74 83 9.1 9.9 10.8 116 Fraction of Stringer Length, L
1.00 16.750 12.93 834 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rg
LIVE LOAD STRINGER MOMENT, Y My ssnger
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION ~ LOCATION MOMENT, Y\ My gees MOMENT, YyMy, geei MOMENT, YyMy gese  MOMENT, Yy My geqc MOMENT, YyMy e MOMENT, Y My g MOMENT, YyMyy gees MOMENT, YyMy gesi MOMENT, YyMy gese MOMENT, Yy, My geci
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 355 336 316 207 27.7 257 238 218 19.9 17.9 Stringer Live Load Moment
0.10 1675 418 54.6 514 482 45.0 218 386 35.4 322 29.0 .
0.15 2513 45.9 55.3 64.8 60.7 56.7 526 48.6 445 40.5 36.4 HL-93 Loading (Total)
0.20 3.350 51.7 59.1 66.6 74.0 69.1 64.1 59.1 54.2 49.2 442 250
025 4.188 61.0 67.2 73.4 79.6 85.8 79.6 73.4 67.2 61.0 54.8
030 5.025 67.3 75.1 80.0 85.0 90.0 94.9 87.5 80.0 726 65.1 200 / \ ——Seriesl
035 5.863 69.4 87.0 94.1 98.1 1022 106.2 1103 100.8 914 81.9 ! o Series2
0.40 6.700 775 9.7 1159 1227 125.9 129.1 1323 1355 1227 109.9 )
0.45 7.538 88.6 110.1 131.7 153.2 159.6 161.5 163.5 165.4 167.4 149.8 g 150 T Series3
0.50 8.375 117.0 144.9 172.8 200.7 2286 234.9 2349 234.9 2349 234.9 £ ——Series4
055 9.213 753 93.0 1106 1282 145.8 1634 165.9 1639 162.0 160.0 Z 100 \ o Seriess
0.60 10.050 55.8 68.6 814 94.2 107.0 119.8 1327 1330 129.8 1266 g  seriess
065 10.888 420 514 60.9 703 79.8 89.2 98.7 108.2 107.1 1031 ] )
0.70 11.725 337 411 486 56.0 635 709 78.4 85.8 933 91.1 50 ~Series7
075 12.563 285 34.8 41.0 47.2 534 59.6 65.8 72.0 78.2 84.4 ——Series8
0.80 13.400 232 28.2 332 381 431 481 53.0 58.0 63.0 67.9 0 Serieso
0.85 14.238 19.3 233 27.4 314 355 39.6 436 477 517 55.8 oo o1 o2 03 04 05 06 07 o8 oo 1o .o
0.90 15.075 155 187 219 251 283 315 34.7 37.9 411 443
095 15.913 96 116 135 155 175 19.4 214 233 253 273 0 Fraction of Stringer Length, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rg




SHEAR FLOW SLIP RESISTANCE

AASHTO LRFD Design Values

R, =R,
Ry = KaK,NPy

¢, 0.80
P= 28 kips AASHTO LRFD Table 6.13.2.8-1 (3/4" ASTM A325 Bolt)
Ky = 0.85 AASHTO LRFD Table 6.13.2.8-2 (Std. Oversize Holes)
K= 0.50 AASHTO LRFD Table 6.13.2.8-3 (Class 'B' Surface Condition)
N, = 1
R = 11.9 kips/bolt SHEAR FLOW RESISTANCE, ¢g,
PR, = 9.52 kips/bolt (kips/in)
Ny 2
2.25 8.46
45 423
2.0 212
135 141
18.0 1.06
HL-93 TANDEM HL-93 TRUCK
LOCATION ~ LOCATION ~ ABSOLUTE ENVELOPE ABSOLUTE ENVELOPE ABSOLUTE ENVELOPE RESISTANCE
(ft) SHEAR FLOW, Y, SHEARFLOW,Y,q,  SHEAR FLOW, Y,qy PITCH SHEAR FLOW, Yy,q,,
(kips/in) (kips/in) (kips/in) (in) (kips/in)
Re
0.00 0.000 177 148 177 9.00 212
0.05 03838 282 227 282 450 423 Deck to Stringer Connection
0.10 1675 3.08 239 3.08 4550 423 :
0.15 2513 272 210 272 4550 423 Live Load Shear Flow Envelope
0.20 3.350 217 168 217 4.50 423 HL-93 Loading (Total)
025 4.188 198 1.56 1.98 9.00 212 90
030 5.025 113 099 113 9.00 212 85
035 5.863 187 191 191 9.00 212 80
0.40 6.700 296 282 296 4550 423 7.0
045 7.538 835 6.97 835 225 846 28
0.50 8375 0.00 0.00 0.00 225 8.46 Z55
0.55 9213 8.35 6.97 8.35 225 846 338 OPE
0.60 10.050 296 282 296 4550 423 240 ——TRUCK
0.65 10.888 187 191 191 9.00 212 E 33 TANDEM
0.70 11.725 113 099 113 9.00 212 25 o RESISTANGE
075 12563 1.98 1.56 1.98 9.00 212 it
0.80 13.400 217 168 217 4550 423 10 J
0.85 14.238 2.72 2.10 2.72 4.50 4.23 o3 1
0.90 15.075 3.08 239 3.08 4550 423 03 04 05 06 07 08 09 10
095 15.913 282 227 282 4550 423 Fraction of Stringer Length, L
1.00 16.750 177 1.48 177 9.00 212

Rg




FLORIDA DEPARTMENT OF TRANSPORTATION - BASCULE BRIDGE LIGHTWEIGHT SOLID DECK RETROFIT RESEARCH PROJECT

5-INCH ALUMINUM ORTHOTROPIC DECK-STRINGER CONNECTION
AASHTO LRFD HL-93 TRUCK LOADING - EXTERIOR STRINGER (LEFT)

COMPUTE LIVE LOAD SHEAR FLOW THRU DECK CONNECTION FASTENERS AT SERVICE Il LIMIT STATE

AASHTO LRFD DESIGN LIVE LOADS, LL: AXLE 1
(kips)
Design Truck: 320
Lane Load:
Dynamic Load Allowance, IM: 0.33
Load Factor, Y;: 1.30
Distribution Factor (1): 0.604
Multi-presence Factor, m : 1.20
Distribution Factor (1): 0.771
Multi-presence Factor, m : 1.00
AASHTO LRFD DISTRIBUTION FACTOR:
Lever Rule =
DF = 0.725
DF= 0.771
Use DF = 0.771

NOTES:
(1) Distribution Factor per Lever Rule

SPACING AXLE 2 SPACING AXLE 3
(ft) (kips) (ft) (kips)
14.00 320 14.00 8.0

Service Il Limit State

Single Lane
Single Lane
Two Lanes
Two Lanes

Table 4.6.2.2.3a-1 (Concrete Deck on Steel Beams)
Lever Rule - Single Lane (NOTE: § < 6.0' Wheel Line Spacing)
Lever Rule - Two Lanes (NOTE: S > 4.0' Wheel Line Spacing) N/A

Controlling DF

(2) Number of Stringers (3) asssumes that the deck is typically configured in independent units approximately equal to the lane widths with longitudinal

expansion joints along the lane lines.

(3) Interior stringer controls over exterior stringer for shear connector design.

BRIDGE CONFIGURATION

Stringer Span Length, L= 16.75 ft
Deck Cantilever Length, C= 0.63 ft
Stringer Spacing, S = 6.00 ft
Deck Slab Thickness, t, = 5in
Number of Stringers, N, (2) = 3
Stringer Size: W 16x50
Stringer Inertia, I, = 659 in*
Stringer Area, A = 14.7 in’
Stringer Depth, d = 16.26 in
Steel Modulus of Elasticity, Eqee = 29000 ksi

Alum. Deck Top Plate Unit Area =
Alum. Deck Top Plate Unit Inertia =
Alum. Deck Bott. Plate Unit Area =
Alum. Deck Bott. Plate Unit Inertia =

4.84in* per ft
0.066 in" per ft
5.02 in* per ft
0.073 in" per ft

Alum. Modulus of Elasticity, Ejm = 10100 ksi

Alum. Deck Max. Effective Width, b,: 3.63 ft
Alum. Deck Top PI. Transformed Area, A': 6.11in*
Alum. Deck Top Pl. Transformed Inertia, I',: 0.08 in*
Alum. Deck Bott. PI. Transformed Area, A": 634 in’
Alum. Deck Bott. PI. Transformed Inertia, I';: 0.09 in*

Alum. Deck Top Plate Average Thickness = 0.4036 in
Alum. Deck Top Plate Min.Thickness = 0.25in
Alum. Deck Bott. Plate Average Thickness = 0.4184 in
Alum. Deck Bott. Plate Min.Thickness = 0.375in



Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of

FULL COMPOSITE SECTION PROPERTIES - AT 0.00 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®
1*=3Ad%+3, = 659.0 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.05 L % Bott. Plate Effective = 40.34% % Top Plate Effective = 16.28% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 1.00 21.06 21.0 11.05 1216 0.0 1.4625 0.4034 0.4034 0.1628
Transformed Deck Bott. Plate 2.56 16.47 42.1 6.47 106.9 0.0 1.4625 0.4034 1.0000 0.4034
Stringer 14.7 8.13 119.5 1.87 51.6 659.0
SUM 18.25 10.00 182.59 280.1 659.1
Sdecktop = 85.0
IA* = 3.55in’ Sgeckbott = 145.3
Q* = 3A*y* = 27.54in®
1*=3Ad%+3, = 939.2 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.10 L % Bott. Plate Effective = 63.45% % Top Plate Effective = 40.26% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 2.46 21.06 51.8 9.84 2385 0.0 2.3000 0.6345 0.6345 0.4026
Transformed Deck Bott. Plate 4.02 16.47 66.2 5.25 111.0 0.1 2.3000 0.6345 1.0000 0.6345
Stringer 14.7 8.13 119.5 3.09 140.0 659.0
SUM 21.18 11.22 237.58 489.4 659.1
Sdecktop = 116.7
IA* = 6.48 in’ Sgeckbott = 218.6
Q* = 3A*y* = 4536 in®
1*=3Ad%+3, = 11485 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.15 L % Bott. Plate Effective = 86.55% % Top Plate Effective = 74.91% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 4.58 21.06 96.5 8.69 345.9 0.1 3.1375 0.8655 0.8655 0.7491
Transformed Deck Bott. Plate 5.49 16.47 90.4 4.10 92.3 0.1 3.1375 0.8655 1.0000 0.8655
Stringer 14.7 8.13 119.5 4.24 264.1 659.0
SUM 24.77 1237 306.32 702.2 659.1
Sdecktop = 156.7
IA* = 10.07 in’ Sgeckbott = 3320
Q* = 3A*y* = 62.30 in®
1*=3Ad%+3, = 1361.4 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.20 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = SA*y* = 71.41in*
1*=3Ad%+3l, = 1481.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.25 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = SA*y* = 71.41in*

1*=3Ad%+31, = 14811 in*



Effective Slab Width

Fraction of Full

Fraction of Deck Total Fraction of

FULL COMPOSITE SECTION PROPERTIES - AT 0.30 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = 3A*y* = 71.41in*
1*=3Ad%+3, = 1481.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.35 L % Bott. Plate Effective = 86.55% % Top Plate Effective = 74.91% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 4.58 21.06 96.5 8.69 345.9 0.1 3.1375 0.8655 0.8655 0.7491
Transformed Deck Bott. Plate 5.49 16.47 90.4 4.10 92.3 0.1 3.1375 0.8655 1.0000 0.8655
Stringer 14.7 8.13 119.5 4.24 264.1 659.0
SUM 24.77 1237 306.32 702.2 659.1
Sdecktop = 156.7
IA* = 10.07 in’ Sgeckbott = 3320
Q* = 3A*y* = 62.30 in®
1*=3Ad%+3, = 1361.4 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.40 L % Bott. Plate Effective = 63.45% % Top Plate Effective = 40.26% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 2.46 21.06 51.8 9.84 2385 0.0 2.3000 0.6345 0.6345 0.4026
Transformed Deck Bott. Plate 4.02 16.47 66.2 5.25 111.0 0.1 2.3000 0.6345 1.0000 0.6345
Stringer 14.7 8.13 119.5 3.09 140.0 659.0
SUM 21.18 11.22 237.58 489.4 659.1
Sdecktop = 116.7
IA* = 6.48 in’ Sgeckbott = 218.6
Q* = 3A*y* = 4536 in®
1*=3Ad%+3, = 11485 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.45 L % Bott. Plate Effective = 40.34% % Top Plate Effective = 16.28% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 1.00 21.06 21.0 11.05 1216 0.0 1.4625 0.4034 0.4034 0.1628
Transformed Deck Bott. Plate 2.56 16.47 42.1 6.47 106.9 0.0 1.4625 0.4034 1.0000 0.4034
Stringer 14.7 8.13 119.5 1.87 51.6 659.0
SUM 18.25 10.00 182.59 280.1 659.1
Sdecktop = 85.0
IA* = 3.55in’ Sgeckbott = 145.3
Q* = 3A*y* = 27.54in®
1*=3Ad%+3, = 939.2 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.50 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®
1*=3Ad%+3l, = 659.0 in"



Effective Slab Width

Fraction of Full

Fraction of Deck Total Fraction of

FULL COMPOSITE SECTION PROPERTIES - AT 0.55 L % Bott. Plate Effective = 40.34% % Top Plate Effective = 16.28% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 1.00 21.06 21.0 11.05 1216 0.0 1.4625 0.4034 0.4034 0.1628
Transformed Deck Bott. Plate 2.56 16.47 42.1 6.47 106.9 0.0 1.4625 0.4034 1.0000 0.4034
Stringer 14.7 8.13 119.5 1.87 51.6 659.0
SUM 18.25 10.00 182.59 280.1 659.1
Sdecktop = 85.0
IA* = 3.55in’ Sgeckbott = 145.3
Q* = 3A*y* = 27.54in®
1*=3Ad%+3, = 939.2 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.60 L % Bott. Plate Effective = 63.45% % Top Plate Effective = 40.26% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 2.46 21.06 51.8 9.84 2385 0.0 2.3000 0.6345 0.6345 0.4026
Transformed Deck Bott. Plate 4.02 16.47 66.2 5.25 111.0 0.1 2.3000 0.6345 1.0000 0.6345
Stringer 14.7 8.13 119.5 3.09 140.0 659.0
SUM 21.18 11.22 237.58 489.4 659.1
Sdecktop = 116.7
IA* = 6.48 in’ Sgeckbott = 218.6
Q* = 3A*y* = 4536 in®
1*=3Ad%+3, = 11485 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.65 L % Bott. Plate Effective = 86.55% % Top Plate Effective = 74.91% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 4.58 21.06 96.5 8.69 345.9 0.1 3.1375 0.8655 0.8655 0.7491
Transformed Deck Bott. Plate 5.49 16.47 90.4 4.10 92.3 0.1 3.1375 0.8655 1.0000 0.8655
Stringer 14.7 8.13 119.5 4.24 264.1 659.0
SUM 24.77 1237 306.32 702.2 659.1
Sdecktop = 156.7
IA* = 10.07 in’ Sgeckbott = 3320
Q* = 3A*y* = 62.30 in®
1*=3Ad%+3, = 1361.4 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.70 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = 3A*y* = 71.41in*
1*=3Ad%+3, = 1481.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.75 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = SA*y* = 71.41in*
1*=3Ad%+3l, = 1481.1 in*



Effective Slab Width

Fraction of Full

Fraction of Deck Total Fraction of

PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.80 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 6.11 21.06 128.8 8.07 398.2 0.1 3.6250 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 6.34 16.47 104.4 3.48 76.8 0.1 3.6250 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 4.86 346.9 659.0
SUM 27.15 12.99 352.67 822.0 659.2
Sdecktop = 183.5
IA* = 12.45 in’ Sgeckbott = 4255
Q* = 3A*y* = 71.41in*
1*=3Ad%+3, = 1481.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
FULL COMPOSITE SECTION PROPERTIES - AT 0.85 L % Bott. Plate Effective = 86.55% % Top Plate Effective = 74.91% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 4.58 21.06 96.5 8.69 345.9 0.1 3.1375 0.8655 0.8655 0.7491
Transformed Deck Bott. Plate 5.49 16.47 90.4 4.10 92.3 0.1 3.1375 0.8655 1.0000 0.8655
Stringer 14.7 8.13 119.5 4.24 264.1 659.0
SUM 24.77 1237 306.32 702.2 659.1
Sdecktop = 156.7
IA* = 10.07 in’ Sgeckbott = 3320
Q* = 3A*y* = 62.30 in®
1*=3Ad%+3, = 1361.4 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.90 L % Bott. Plate Effective = 63.45% % Top Plate Effective = 40.26% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 2.46 21.06 51.8 9.84 2385 0.0 2.3000 0.6345 0.6345 0.4026
Transformed Deck Bott. Plate 4.02 16.47 66.2 5.25 111.0 0.1 2.3000 0.6345 1.0000 0.6345
Stringer 14.7 8.13 119.5 3.09 140.0 659.0
SUM 21.18 11.22 237.58 489.4 659.1
Sdecktop = 116.7
IA* = 6.48 in’ Sgeckbott = 218.6
Q* = 3A*y* = 4536 in®
1*=3Ad%+3, = 11485 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.95 L % Bott. Plate Effective = 40.34% % Top Plate Effective = 16.28% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 1.00 21.06 21.0 11.05 1216 0.0 1.4625 0.4034 0.4034 0.1628
Transformed Deck Bott. Plate 2.56 16.47 42.1 6.47 106.9 0.0 1.4625 0.4034 1.0000 0.4034
Stringer 14.7 8.13 119.5 1.87 51.6 659.0
SUM 18.25 10.00 182.59 280.1 659.1
Sdecktop = 85.0
IA* = 3.55in’ Sgeckbott = 145.3
Q* = 3A*y* = 27.54in®
1*=3Ad%+3, = 939.2 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 1.00 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®
1*=3Ad%+3l, = 659.0 in"



LIVE LOAD SHEAR, Y,,Vy,

LANE LOADING COMPONENT

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 12t 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 13t 0.25 AXLE 1 at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 12t 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, YV, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi,
() (kips) (kips) (kips) (iips) (kips) (kips) (kips) (kips) (kips) (kips)
Ra 54 54 54 54 54 54 54 54 54 54
0.00 0.000 54 54 54 54 54 54 54 54 54 54
0.05 0838 48 48 48 48 48 48 48 48 48 48 Live Load Shear
0.10 1675 43 43 43 43 43 43 43 43 43 43 HL-93 Loading (Lane Component)
0.15 2513 38 38 38 38 38 38 38 38 38 38
020 3350 32 32 32 32 32 32 32 32 32 32 5
025 4.188 2.7 27 2.7 27 2.7 27 2.7 27 2.7 27 4 = seriest
030 5.025 21 21 21 21 21 21 21 21 21 21 N e
035 5.863 16 16 16 16 16 16 16 16 16 16
0.40 6.700 11 11 11 11 11 11 11 11 11 11 2
045 7.538 05 05 05 05 05 05 05 05 05 05 1 o Seriesa
0.50 8375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 £,  seriess
055 9213 05 05 05 05 05 05 05 05 05 05 F
0.60 10.050 11 11 11 11 11 11 11 11 11 11 &1 — Seriesé
0.65 10.888 16 16 16 16 16 16 16 16 16 16 2 e Series7
0.70 11.725 21 21 21 21 21 21 21 21 21 21 5 eriess
075 12563 27 27 27 27 27 27 27 27 27 27 )
0.80 13.400 32 32 32 32 32 32 32 32 32 32 4 < Series9
0.85 14.238 -3.8 3.8 -3.8 3.8 -3.8 3.8 -3.8 3.8 -3.8 3.8 5 ~—Series10
0.90 15.075 43 43 43 43 43 43 43 43 43 43 00 01 02 03 04 05 06 07 08 09 10 Series11
095 15.913 48 48 48 48 48 48 48 48 48 48 Fraction of Stringer Length, L
1.00 16.750 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4
Re 54 54 54 54 54 54 54 54 54 54
LIVE LOAD SHEAR, YV,
TRUCK LOADING COMPONENT
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 12t 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 12t 0.25 AXLE 1 at 0.30 AXLE 12t 0.35 AXLE 1 at 0.40 AXLE 12t 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION SHEAR, Y, Vy, SHEAR, Y.V, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y.V, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi,
() (kips) (kips) (kips) (iips) (kips) (kips) (kips) (kips) (kips) (kips)
Ra 45.4 411 36.9 34.1 320 29.9 277 256 235 213
0.00 0.000 454 211 36.9 341 320 299 277 256 235 213
0.05 0838 27 411 369 341 320 209 27.7 256 235 213 Live Load Shear
0.10 1675 2.7 15 36.9 341 320 299 277 256 235 213 HL-93 Loading (Truck Component)
0.15 2513 2.7 15 5.8 341 320 299 277 256 235 213
o s 2 s e P o7 5 27 26 s iy i
030 5.025 2.7 15 5.8 -85 -10.7 128 277 256 235 213 35 % ——Series2
035 5.863 2.7 15 5.8 -85 -10.7 128 -14.9 256 235 213 3 = —Series3
040 6.700 2.7 15 5.8 -85 -10.7 128 -14.9 7.1 235 213 2 L W A A Y oot
0.45 7.538 2.7 -1.5 5.8 -85 -10.7 -12.8 -14.9 -17.1 -19.2 213 Z 10 \ \ \ \ \ \ \ )
0.50 8375 27 15 538 85 10.7 128 149 71 192 213 = I R e, . ——Series5
055 9213 27 15 538 85 107 128 149 a71 192 213 5 s i — Y — ——Seriess
0.60 10.050 27 15 5.8 8.5 107 1238 149 171 192 213 & 10 %% —seriess
0.65 10.888 2.7 15 5.8 -85 -10.7 128 -14.9 7.1 19.2 213 20
0.70 11.725 27 15 5.8 -85 -10.7 128 -149 17.1 192 213 25 A\ T Seriess
0.75 12.563 2.7 15 5.8 -85 -10.7 128 -14.9 7.1 19.2 213 E U Seriesd
0.80 13.400 2.7 15 5.8 -85 -10.7 128 -14.9 7.1 19.2 213 ) N —series1o
0.85 14.238 2.7 15 5.8 -85 -10.7 128 -14.9 7.1 19.2 213 5% serieet
0.90 15.075 -39.9 15 5.8 -85 -10.7 128 -14.9 7.1 19.2 213 00 01 02 03 04 05 06 07 08 09 10
095 15.913 -39.9 -44.2 5.8 -85 -10.7 128 -14.9 7.1 19.2 213 Fraction of Stringer Length, L
1.00 16.750 -39.9 -44.2 -48.4 -85 -10.7 128 -14.9 7.1 -19.2 213
Re 39.9 242 484 85 107 128 149 17.1 192 213




LIVE LOAD SHEAR, Y,,Vy,

TOTAL LOADING

ABSOLUTE ENVELOPE NEGATIVE ENVELOPE  POSITIVE ENVELOPE LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
SHEAR, Y,V SHEAR, Y,V SHEAR, Y,V AXLE 1at 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION SHEAR, YV, SHEAR, Y,V SHEAR, YV, SHEAR, Y,V SHEAR, YV, SHEAR, Y,V SHEAR, YV, SHEAR, Y,V SHEAR, YV, SHEAR, Y,V
(ft) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips)
Ry 53.8 13.9 53.8 50.8 46.5 422 39.5 374 352 33.1 31.0 28.8 26.7
0.00 0.000 538 53.8 50.8 50.8 465 422 395 37.4 352 331 310 28.8 267
0.05 0.838 49.0 -49.0 46.0 7.6 46.0 47 39.0 36.8 34.7 326 304 283 262 Live Load Shear
0.10 1675 442 -44.2 412 7.0 238 412 38.4 363 34.1 32.0 29.9 27.8 256 HL-93 Loading (Total)
0.15 2513 37.9 25.1 37.9 6.5 22 2.0 37.9 357 336 315 293 27.2 25.1
0.20 3.350 352 245 352 6.0 17 2.6 5.3 352 33.1 30.9 28.8 26.7 245
0.25 4.188 325 -24.0 325 5.4 12 3.1 5.8 -8.0 325 30.4 283 26.1 24.0 ——ENVELOPE
0.30 5.025 29.9 235 29.9 4.9 0.6 3.6 6.4 -85 -10.6 29.9 27.7 25.6 235 ——Series2
035 5.863 272 229 272 43 0.1 4.2 6.9 9.1 112 -133 272 25.1 229 ——Series3
0.40 6.700 245 224 245 38 0.5 -4.7 75 9.6 117 -13.9 -16.0 245 224 )
045 7.538 219 219 219 33 10 53 -8.0 -10.1 123 -14.4 -16.5 -18.7 219 z —Seriesd
0.50 8375 213 213 213 2.7 15 5.8 -85 -10.7 -12.8 -14.9 17.1 192 213 =
0.55 9.213 219 219 219 22 2.1 63 9.1 112 133 155 176 197 219 5 - ——Series6
0.60 10.050 245 224 245 17 2.6 6.9 9.6 117 139 -16.0 -18.1 203 224 & — series7
0.65 10.888 272 229 272 11 3.1 7.4 -10.1 123 -14.4 -1655 187 -20.8 229 ———— )
0.70 11.725 299 235 299 0.6 3.7 7.9 -10.7 -12.8 -14.9 -17.1 -19.2 213 235 —Series8
0.75 12.563 325 -24.0 325 0.1 4.2 -85 112 133 -155 -17.6 197 219 -24.0
0.80 13.400 352 245 352 0.5 48 9.0 -11.8 -13.9 -16.0 -18.1 203 224 245 ‘ﬂ o Series10
0.85 14.238 37.9 25.1 37.9 -1.0 5.3 9.6 123 -14.4 -16.6 -18.7 -20.8 -23.0 25.1 L
0.90 15.075 442 -44.2 412 -44.2 5.8 -10.1 -12.8 -15.0 17.1 -19.2 214 235 256 00 01 02 03 04 05 06 07 08 09 10
0.95 15.913 49.0 -49.0 46.0 447 -49.0 1106 134 155 -17.6 1198 219 -24.0 262 Fraction of Stringer Length, L ENVELOPE
1.00 16.750 53.8 -53.8 50.8 -45.3 -49.5 -53.8 -13.9 -16.0 -18.2 203 224 -24.6 -26.7
Rs 53.8 13.9 53.8 453 495 53.8 13.9 16.0 18.2 203 224 24.6 26.7




LIVE LOAD MOMENT, Y,My,
LANE LOADING COMPONENT

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION ~ LOCATION MOMENT, Y,M, ~ MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M;,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT, Y M,
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 )
0.05 0.838 43 43 43 43 43 43 43 43 43 43 Live Load Moment
0.10 1675 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 HL-93 Loading (Lane Component)
0.15 2513 115 115 115 115 115 115 115 115 115 115
0.20 3.350 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 2
025 4.188 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 ‘ o Seriest
030 5.025 18.9 189 18.9 189 18.9 189 18.9 189 18.9 189 2 s
035 5.863 205 205 205 205 205 205 205 205 205 205
0.40 6.700 216 216 216 216 216 216 216 216 216 216 = ——Series3
045 7.538 223 223 223 223 223 223 223 223 223 223 § 15 ——Seriesd
0.50 8.375 225 225 225 225 225 225 225 225 25 225 2 —eriess
055 9.213 23 223 23 223 23 223 23 223 23 223 § )
0.60 10.050 21.6 216 216 216 216 216 216 216 216 216 Ew —Seriesé
0.65 10.888 205 205 205 205 205 205 205 205 205 205 = Series7
0.70 11.725 18.9 189 18.9 189 18.9 189 18.9 189 18.9 189 s Series8
075 12.563 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 serieso
0.80 13.400 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4
0.85 14.238 115 115 115 115 115 115 115 115 115 115 0 —Series10
0.90 15.075 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 00 01 02 03 04 05 06 07 08 09 10 Series11
095 15.913 43 43 43 43 43 43 43 43 43 43 Fraction of Stringer Legnth, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rg
LIVE LOAD MOMENT, Y,My,
TRUCK LOADING COMPONENT
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION  LOCATION MOMENT, Y,M, ~ MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M;,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y M,
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 38.0 344 309 286 2638 250 232 214 196 17.9 Live Load Moment
0.10 1675 403 68.9 61.7 57.1 536 50.0 46.4 429 393 35.7 HL-93 Loading (Truck Component)
0.15 2513 426 67.6 926 85.7 80.4 75.0 69.6 64.3 58.9 53.6
0.20 3.350 44.9 66.3 87.7 1143 107.2 100.0 92.9 85.7 78.6 714 200 ‘
025 4.188 47.2 65.0 82.9 107.2 1339 1250 116.1 107.2 98.2 89.3 180 o Seriesl
030 5.025 495 63.8 78.0 100.0 125.0 150.0 1393 1286 117.9 107.2 160 X )
035 5.863 518 62.5 73.2 929 116.1 1393 162.5 150.0 137.5 1250
0.40 6.700 54.1 61.2 68.3 85.7 107.2 1286 150.0 1714 157.2 1429 P ~_|
045 7.538 56.3 59.9 63.5 78.6 98.2 117.9 137.5 157.2 176.8 160.7 8120 ——Series4
0.50 8.375 58.6 58.6 58.6 714 893 107.2 125.0 1429 160.7 1786 % 100 75 \ o seriess
055 9.213 60.9 574 538 64.3 80.4 96.4 1125 1286 144.7 160.7 E % )
0.60 10.050 63.2 56.1 48.9 57.1 714 85.7 100.0 1143 128.6 142.9 g 80 >\ 3 T Series6
065 10.888 65.5 54.8 441 50.0 62.5 75.0 87.5 100.0 1125 1250 60 §§ Series?
0.70 11.725 67.8 53.5 39.2 429 536 64.3 75.0 85.7 96.4 107.2 P Seriess
075 12.563 701 52.2 34.4 35.7 44.6 53.6 62.5 714 80.4 89.3 seriess
0.80 13.400 724 51.0 295 286 35.7 429 50.0 57.1 64.3 714 B
0.85 14.238 74.7 49.7 24.7 21.4 26.8 321 375 429 482 536 0 —Series10
0.90 15.075 66.8 48.4 19.8 143 17.9 214 25.0 286 321 35.7 00 01 02 03 04 05 06 07 08 09 10 Series11
095 15.913 334 37.0 15.0 7.1 89 107 125 143 16.1 17.9 Fraction of Stringer Length, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rs
14.838 15.675 16.513




LIVE LOAD MOMENT, Y,My,
TOTAL LOADING COMPONENT

ABSOLUTE ENVELOPE NEGATIVE ENVELOPE  POSITIVE ENVELOPE LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
MOMENT, Y, M, MOMENT, Y, My, MOMENT, Y, M, AXLE 1at 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION LOCATION MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M,
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 423 11.4 423 423 38.7 35.1 328 311 293 27.5 257 23.9 221 Live Load Moment
0.10 1675 77.0 224 77.0 48.4 77.0 69.8 652 617 58.1 545 51.0 47.4 38 HL-93 Loading (Total)
0.15 2513 104.1 329 104.1 54.1 79.1 104.1 97.2 91.8 86.5 81.1 75.8 70.4 65.0
0.20 3.350 128.7 3.0 128.7 593 80.7 102.1 128.7 1215 114.4 107.3 100.1 93.0 85.8 250
0.25 4.188 150.8 513 150.8 64.0 81.9 99.8 124.0 150.8 1419 132.9 124.0 115.1 106.2 ‘ —— ENVELOPE
0.30 5.025 168.9 58.1 168.9 68.4 82.6 96.9 118.9 143.9 168.9 158.2 1475 136.8 126.0 200 cerien
035 5.863 183.0 64.6 183.0 722 82.9 93.7 1133 136.5 159.8 183.0 170.5 158.0 1455
0.40 6.700 193.0 705 193.0 75.6 82.8 89.9 107.3 128.7 150.2 1716 193.0 178.7 164.5 ~ x ——Series3
0.45 7.538 199.1 76.1 199.1 78.6 822 85.8 100.8 120.5 140.1 159.8 179.4 199.1 183.0 f. 150 ——Seriesd
0.50 8375 201.1 81.1 201.1 81.1 81.1 81.1 939 111.8 129.6 1475 165.4 183.2 201.1 = \ \ )
0.55 9.213 199.1 76.1 199.1 832 796 76.1 86.6 102.6 1187 134.8 150.8 166.9 183.0 H \\ _Serfess
0.60 10.050 193.0 70.5 193.0 84.8 77.7 70.5 78.7 93.0 107.3 1216 135.9 150.2 164.5 § 100 \ —Seriesé
0.65 10.888 183.0 64.6 183.0 86.0 753 64.6 705 83.0 95.5 108.0 120.5 133.0 1455 = ~——Series7
0.70 11.725 168.9 58.1 168.9 86.7 724 58.1 61.8 725 832 93.9 104.6 1153 126.0 . o Series8
0.75 12.563 150.8 513 150.8 87.0 69.1 513 52.6 615 70.4 79.4 88.3 97.2 106.2 ‘ seriess
0.80 13.400 128.7 3.0 128.7 86.8 65.4 439 3.0 50.1 57.3 64.4 715 78.7 85.8
0.85 14.238 104.1 329 104.1 86.2 61.2 36.2 329 383 436 49.0 54.3 59.7 65.0 0 —Series10
0.90 15.075 77.0 224 77.0 74.9 56.5 27.9 224 26.0 295 33.1 36.7 402 338 00 01 02 03 04 05 06 07 08 09 10 Series11
0.95 15.913 423 11.4 423 37.7 413 193 11.4 132 15.0 16.8 18.6 203 221 Fraction of Stringer Length, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rg




LIVE LOAD DECK TOP PLATE STRESS, Y0,

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE 1at 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION Sat center deck top plate AVG STRESS, Y0,  AVG STRESS,Y,0;,  AVGSTRESS,Y,o,  AVGSTRESS,Y,0,  AVGSTRESS,Y 0, AVGSTRESS,Y,0, AVGSTRESS,Y 0, AVGSTRESS,Y,0, AVGSTRESS, Y o,  AVGSTRESS,Y 0,  AVG STRESS,Y, 0,
(ft) (in’) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 85.0 21 21 19 17 16 15 14 14 13 12 11 Section Properties, S,
0.10 1675 116.7 238 17 238 25 23 22 2.1 2.0 18 17 16
0.15 2513 156.7 2.8 14 2.1 2.8 26 24 23 22 2.0 19 17
0.20 3.350 1835 2.9 13 18 23 2.9 2.8 26 2.4 23 2.1 20 1200
0.25 4.188 1835 34 15 19 23 238 34 32 3.0 238 26 24
030 5.025 1835 38 16 19 22 27 33 38 3.6 34 31 29 1000
035 5.863 156.7 4.9 19 22 25 3.0 36 43 4.9 45 4.2 39 T
0.40 6.700 116.7 6.9 2.7 3.0 3.2 38 46 5.4 6.1 6.9 6.4 5.9 < 800
0.45 7.538 85.0 9.8 3.9 4.0 4.2 5.0 5.9 6.9 7.9 8.8 9.8 9.0 ':.
0.50 8375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 o
0.55 9.213 85.0 9.8 41 39 37 43 5.0 538 6.6 74 82 9.0 3 —xct
0.60 10.050 116.7 6.9 3.0 238 25 238 33 38 4.4 4.9 5.4 5.9 H s
0.65 10.888 156.7 4.9 23 2.0 17 19 22 25 29 32 35 39 § 400
0.70 11.725 1835 38 2.0 16 13 14 17 19 21 24 26 29 &
0.75 12.563 1835 34 2.0 16 12 12 14 16 1.8 2.0 22 24 200 A \
0.80 13.400 183.5 29 2.0 15 1.0 10 11 13 15 16 1.8 2.0
0.85 14.238 156.7 238 23 16 1.0 0.9 1.0 12 13 14 16 17 0
0.90 15.075 116.7 238 2.7 2.0 1.0 0.8 0.9 11 12 13 14 16 00 01 02 03 04 05 06 07 08 09 10
0.95 15.913 85.0 2.1 19 2.0 0.9 0.6 0.6 0.7 0.8 0.9 1.0 11 Fraction of Stringer Legnth, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rs
LIVE LOAD DECK BOTTOM PLATE STRESS, Y,,0,
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE 1at 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION Sat center deck bott plate AVG STRESS, Y0,  AVG STRESS,Y,0;,  AVGSTRESS,Y,o,  AVGSTRESS,Y,0,  AVGSTRESS,Y 0, AVGSTRESS,Y,0,  AVGSTRESS,Y 0, AVGSTRESS,Y,0, AVGSTRESS, Y o,  AVGSTRESS,Y 0,  AVG STRESS,Y, 0,
(ft) (in’) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 145.3 12 12 11 1.0 0.9 0.9 0.8 0.8 0.7 0.7 0.6
0.10 1675 2186 15 0.9 15 13 12 12 11 1.0 10 0.9 0.8
0.15 2513 3320 13 0.7 10 13 12 12 11 1.0 10 0.9 0.8
0.20 3.350 4255 13 0.6 0.8 1.0 13 12 11 11 10 0.9 0.8
0.25 4.188 4255 15 0.6 0.8 1.0 12 15 14 13 12 11 10
0.30 5.025 4255 17 0.7 0.8 1.0 12 14 17 16 14 13 12
035 5.863 3320 23 0.9 10 12 14 17 2.0 23 2.1 2.0 18
0.40 6.700 218.6 37 14 16 17 2.1 25 29 33 37 34 3.1
0.45 7.538 145.3 5.7 23 2.4 25 2.9 3.5 4.0 4.6 5.2 5.7 5.3
0.50 8375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.55 9.213 1453 5.7 24 23 22 25 3.0 34 39 43 48 53
0.60 10.050 218.6 37 16 15 13 15 1.8 2.1 23 26 29 3.1
0.65 10.888 3320 23 11 0.9 0.8 0.9 1.0 12 14 15 17 18
0.70 11.725 4255 17 0.9 0.7 0.6 0.6 0.7 0.8 0.9 10 11 12
0.75 12.563 4255 15 0.9 0.7 0.5 05 0.6 0.7 0.8 0.9 1.0 10
0.80 13.400 4255 13 0.9 0.6 0.4 0.4 0.5 0.6 0.6 0.7 0.8 0.8
0.85 14.238 3320 13 11 0.8 0.5 0.4 0.5 05 0.6 0.7 0.8 0.8
0.90 15.075 2186 15 14 11 0.5 0.4 0.5 0.6 0.6 0.7 0.8 0.8
0.95 15.913 145.3 12 11 12 0.6 03 0.4 0.4 0.5 05 0.6 0.6
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rg




LIVE LOAD DECK COMPRESSIVE FORCE, Y,P\| geck

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE 1at 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION LOCATION Agecktop Ageckbort FORCE, Y,,P,, FORCE, Y,,P,, FORCE, Y, P, FORCE, Y,,P,, FORCE, Y, P, FORCE, Y,,P,, FORCE, Y, P,y FORCE, Y,,P,, FORCE, Y,,P,, FORCE, Y,,P,, FORCE, Y,,P,,
(ft) (in’) (in’) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips)
Ra
0.00 0.000 0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 1.00 256 14.9 149 136 124 116 109 103 97 9.0 8.4 78 Deck Live Load Axial (Compression) Force
0.10 1675 2.46 4.02 365 229 365 33.1 309 29.2 27.5 25.8 24.1 225 208 .
0.15 2513 4.58 5.49 57.2 29.7 34 57.2 53.4 50.4 475 445 416 387 35.7 HL-93 Loading (Total)
0.20 3.350 6.11 6.34 74.5 343 46.7 59.1 745 703 66.2 62.1 57.9 53.8 497 120
0.25 4.188 6.11 6.34 87.3 37.1 474 57.7 718 87.3 82.1 76.9 718 66.6 61.4  ENVELOPE
0.30 5.025 6.11 6.34 97.7 396 478 56.1 68.8 833 97.7 915 853 79.1 729 = 100
0.35 5.863 458 5.49 100.5 39.7 45.6 514 62.2 75.0 877 100.5 936 86.8 799 £ —Series2
0.40 6.700 2.46 4.02 915 35.8 392 426 50.9 61.0 712 813 915 847 779 ¢ w0 ———Series3
0.45 7.538 1.00 2.56 70.0 27.7 289 302 35.5 424 493 56.2 63.1 70.0 64.4 2 —Seriesd
0.50 8375 0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 B
0.55 9.213 1.00 256 70.0 293 28.0 26.8 305 36.1 418 474 53.1 58.7 64.4 3 60
0.60 10.050 2.46 4.02 915 402 36.8 334 37.3 441 50.9 57.6 64.4 712 779 3 = Series6
0.65 10.888 4.58 5.49 100.5 472 413 355 38.7 456 52.4 59.3 66.2 73.0 799 s % —— Series7
0.70 11.725 6.11 6.34 97.7 50.2 419 336 35.7 419 48.1 543 60.5 66.7 729 3  eriess
0.75 12.563 6.11 6.34 87.3 503 40.0 29.7 304 35.6 40.8 459 51.1 56.3 61.4 2 2 )
0.80 13.400 6.11 6.34 74.5 50.2 37.8 25.4 249 29.0 33.1 373 414 455 49.7 Seriesd
0.85 14.238 4.58 5.49 57.2 473 336 19.9 18.1 21.0 24.0 26.9 29.8 32.8 35.7 0 ~—Series10
0.90 15.075 2.46 4.02 365 355 26.8 132 10.6 123 14.0 15.7 17.4 19.1 208 00 01 02 03 04 05 06 07 08 09 10 Seriesll
0.95 15.913 1.00 2.56 14.9 133 14.5 6.8 4.0 4.6 53 5.9 6.5 7.2 7.8 Fraction of Stringer Length, L
1.00 16.750 0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rs
LIVE LOAD DECK CONNECTION SHEAR FLOW, Y (G geck
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10

NEGATIVE ENVELOPE  POSITIVE ENVELOPE ABSOLUTE ENVELOPE

AXLE 1 at 0.05

AXLE1at0.10

AXLE 1at0.15

AXLE 1at0.20

AXLE 1at0.25

AXLE 1at0.30

AXLE 1at0.35

AXLE 1 at 0.40

AXLE 1 at 0.45

AXLE 1 at 0.50

LOCATION ~ LOCATION ~ SHEARFLOW,Y,qy SHEARFLOW,Y,qy SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,qy SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEAR FLOW,Y,qy
(ft) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in)
Re
0.00 0.000 144 1.48 1.48 148 1.36 123 115 .09 1.02 096 0.90 084 077 . . .
0.05 0838 221 227 227 0.80 227 2.06 1.93 182 171 161 150 1.40 1.29 Deck to Stringer Connection Live Load Shear Flow
0.10 1675 -1.49 239 239 067 0.69 2.39 2.23 211 1.99 1.86 1.74 161 1.49 HL-93 Loading (Total)
015 2.513 139 210 210 046 033 019 210 1.98 1.86 1.74 1.62 151 1.39
0.20 3350 117 1.68 1.68 027 0.07 -0.14 027 1.68 1.58 1.48 1.38 127 117
0.25 4188 114 1.56 1.56 025 0.04 -0.16 -0.29 -0.40 1.56 145 135 125 114
030 5.025 -0.99 0.89 0.99 001 -0.23 -0.46 -0.65 082 -0.99 089 0.83 0.76 0.69 ——Seriesl
035 5.863 191 0.70 1.91 038 -0.63 -0.88 113 139 -1.65 191 021 020 -0.19 ——Series2
0.40 6.700 282 1.35 282 081 -1.03 124 -1.53 185 218 -2.50 282 146 135 z  seriess
045 7.538 -6.97 6.41 6.97 275 -2.88 -3.00 -3.53 422 -4.91 -5.59 -6.28 697 -6.41 £ )
0.50 8.375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3 —Series4
055 9213 6.97 6.41 6.97 291 279 2.66 3.03 359 216 472 528 584 6.41 2 ——Seriess
0.60 10.050 282 135 282 1.09 087 0.66 0.68 079 0.90 1.02 113 1.24 1.35 5 o Seriess
0.65 10.888 191 0.70 1.91 070 0.45 020 014 015 016 017 018 019 019 & )
0.70 11.725 -0.99 0.89 099 029 0.06 -0.18 -030 036 -043 -0.49 -0.56 -0.63 -0.69 T series?
075 12.563 114 1.56 1.56 0.02 -0.19 -0.40 -0.53 -0.63 -0.73 -0.84 -0.94 -1.04 114 ~——Seriess
0.80 13.400 117 1.68 1.68 001 022 042 -0.55 -0.66 -0.76 -0.86 -0.96 107 117 Series9
085 14238 139 210 210 029 -0.42 -0.55 -0.68 079 091 -1.03 115 127 139 — eriesio
0.90 15.075 -1.49 239 239 117 -0.68 -0.66 -0.74 087 -0.99 112 124 136 -1.49 00 01 02 03 04 05 06 07 08 09 10
0.95 15913 221 227 227 221 122 -0.64 -0.66 0.76 -0.87 097 -1.08 119 129 Fraction of Stringer Length, L
1.00 16.750 -1.44 1.48 1.48 132 -1.44 -0.67 -0.40 -0.46 -0.52 -0.59 -0.65 071 -0.77

Ry




LIVE LOAD DECK MOMENT, Y\ My geci

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 13t 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION ~ LOCATION Vaeekiop Vaeckbor MOMENT, Y My geec  MOMENT, YuMy gece MOMENT, Y My gec MOMENT, YuMy gece  MOMENT, Y My, geci MOMENT, YuMy gece  MOMENT, Y My, geci MOMENT, YuMy gece  MOMENT, Y My, geci MOMENT, YMy gece
(ft) (in) (in) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 12.93 834 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 12.93 8.34 126 115 105 98 93 87 82 77 71 6.6 Deck Live Load Moment
0.10 1675 12.93 834 206 328 29.8 27.8 263 24.8 232 217 20.2 187 .
0.15 2513 12.93 834 27.9 408 53.7 50.1 47.4 246 418 39.1 36.3 336 HL-93 Loading (Total)
0.20 3.350 12.93 834 329 248 56.7 714 67.5 63.5 59.5 55.6 516 476 100
025 4.188 12.93 834 355 455 55.4 68.8 83.7 78.7 73.8 68.8 63.9 58.9 %0 A
030 5.025 12.93 834 37.9 459 53.8 66.0 79.9 93.7 87.8 81.8 75.9 69.9 ——Series1
035 5.863 12.93 834 373 2238 483 58.5 704 82.4 9.4 87.9 815 75.0 80 2 eries2
0.40 6.700 12.93 834 322 353 383 457 54.9 64.0 731 823 76.2 70.1 _ )
045 7.538 12.93 834 234 245 256 301 35.9 418 47.7 53.5 59.4 54.6 % e \ T Series3
0.50 8.375 12.93 834 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ) ——Series4
055 9.213 12.93 834 2438 238 227 258 306 354 402 25.0 498 54.6 g% \ ——Seriess
0.60 10.050 12.93 834 36.1 331 301 336 39.6 457 518 57.9 64.0 70.1 § a0 )
0.65 10.888 12.93 8.34 a4 388 333 363 28 492 55.7 621 686 75.0 2 N 3 T Seriest
30 :
0.70 11.725 12.93 834 481 402 323 343 40.2 46.2 521 58.1 64.0 69.9 \ ~Series7
075 12.563 12.93 834 483 384 284 29.2 341 39.1 44.0 49.0 54.0 58.9 B ———Series8
0.80 13.400 12.93 834 48.2 36.3 244 238 27.8 31.8 35.7 39.7 43.7 476 10 V Seriess
0.85 14.238 12.93 834 44.4 315 186 17.0 19.7 225 253 28.0 30.8 336 0 — ceriest
0.90 15.075 12.93 834 319 241 11.9 95 111 126 14.1 156 17.1 187 00 01 02 03 04 05 06 07 08 09 10
095 15.913 12.93 834 112 123 5.7 34 39 45 5.0 55 6.1 66 Fraction of Stringer Length, L
1.00 16.750 12.93 834 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rg
LIVE LOAD STRINGER MOMENT, Y My ssnger
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION ~ LOCATION MOMENT, Y\ My gees MOMENT, YyMy, geei MOMENT, YyMy gese  MOMENT, Yy My geqc MOMENT, YyMy e MOMENT, Y My g MOMENT, YyMyy gees MOMENT, YyMy gesi MOMENT, YyMy gese MOMENT, Yy, My geci
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 29.7 272 2.7 230 218 205 193 18.0 168 155 Stringer Live Load Moment
0.10 1675 27.8 442 401 37.4 35.4 333 313 29.2 27.2 251 .
0.15 2513 26.2 383 50.4 471 445 419 393 36.7 341 315 HL-93 Loading (Total)
0.20 3.350 26.4 35.9 455 57.3 54.1 50.9 47.7 246 414 38.2 250
025 4.188 285 36.5 44.4 55.2 67.1 63.1 59.2 55.2 51.2 472
030 5.025 30.4 36.8 431 52.9 64.0 75.2 70.4 65.6 60.9 56.1 200 ——Series1
035 5.863 35.0 402 453 54.9 66.1 77.4 88.6 82.5 76.5 70.4 o Series2
0.40 6.700 434 475 516 61.6 73.9 86.2 98.5 1108 102.6 94.4 )
0.45 7.538 55.2 57.7 60.2 70.8 84.5 98.3 112.1 125.9 139.7 128.4 g 150 T Series3
0.50 8.375 811 81.1 811 93.9 1118 129.6 147.5 1654 1832 2011 £ L ——Series4
055 9.213 58.4 55.9 534 60.7 720 833 9.6 1059 117.1 1284 Z 100 o Seriess
0.60 10.050 48.7 246 40.5 452 53.4 61.6 69.8 78.0 86.2 94.4 g / J —
eries6
065 10.888 416 36.4 313 341 40.2 46.2 523 58.3 64.4 70.4 ] _é / )
0.70 11.725 38.6 322 25.9 27.5 323 37.0 418 46.6 513 56.1 50 I ~Series7
075 12.563 38.7 308 28 234 27.4 314 353 39.3 433 472 ——Series8
0.80 13.400 386 29.1 195 19.1 23 255 28.7 318 35.0 38.2 0 Serieso
0.85 14.238 417 29.6 175 15.9 185 211 237 263 289 315 00 01 o2 03 04 o5 06 07 08 09 10 _ ..o
0.90 15.075 43.0 324 16.0 128 14.9 16.9 19.0 21.0 23.1 251
095 15.913 265 29.0 135 8.0 93 105 11.8 13.0 143 155 0 Fraction of Stringer Length, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rg




SHEAR FLOW SLIP RESISTANCE

AASHTO LRFD Design Values
R =R,
R, = KK,NP,

&, 0.80
Pz 28 kips AASHTO LRFD Table 6.13.2.8-1 (3/4" ASTM A325 Bolt)
Ky = 0.85 AASHTO LRFD Table 6.13.2.8-2 (Std. Oversize Holes)
K= 0.50 AASHTO LRFD Table 6.13.2.8-3 (Class 'B' Surface Condition)
N, = 1
R = 11.9 kips/bolt SHEAR FLOW RESISTANCE, ¢q,
PR, = 9.52 kips/bolt (kips/in)
Ny 2
8.46
423
212
141
1.06
HL-93 TANDEM HL-93 TRUCK
LOCATION ~ LOCATION ~ ABSOLUTE ENVELOPE ABSOLUTE ENVELOPE ABSOLUTE ENVELOPE RESISTANCE
(ft) SHEAR FLOW, Y,q,,  SHEAR FLOW, Y,q,  SHEAR FLOW, Y,,qy, PITCH SHEAR FLOW, Y0y,
(kips/in) (kips/in) (kips/in) (in) (kips/in)
Ra
0.00 0.000 177 148 177 9.00 212
0.05 0838 282 227 282 450 423 Deck to Stringer Connection
0.10 1675 3.08 239 3.08 4.50 423 .
0.15 2513 272 2.10 272 4.50 423 Live Load Shear Flow Envelope
0.20 3.350 217 168 217 4.50 423 HL-93 Loading (Total)
025 4.188 1.98 156 1.98 9.00 212 50
030 5.025 113 0.99 113 9.00 212 85 I
035 5.863 1.87 191 191 9.00 212 80
0.40 6.700 2.96 2.82 2.96 4.50 423 7.0
045 7.538 835 6.97 835 225 8.46 %
0.50 8.375 0.00 0.00 0.00 225 8.46 £55
055 9213 835 6.97 835 225 8.46 332 ~——ENVELOPE
0.60 10.050 2.96 2.82 2.96 4.50 423 2 40 RESISTANCE
065 10.888 187 191 191 9.00 212 535 ——TRUCK
0.70 11.725 113 0.99 113 9.00 212 & 25
075 12.563 1.98 156 1.98 9.00 212 20 T TANDEM
0.80 13.400 217 168 217 4.50 423 10
0.85 14.238 272 2.10 272 4.50 423 00
0.90 15.075 3.08 239 3.08 4.50 423 04 05 06 07 08 09
095 15.913 2.82 227 2.82 4.50 423 Fraction of Stringer Length, L
1.00 16.750 177 148 177 9.00 212




FLORIDA DEPARTMENT OF TRANSPORTATION - BASCULE BRIDGE LIGHTWEIGHT SOLID DECK RETROFIT RESEARCH PROJECT

5-INCH ALUMINUM ORTHOTROPIC DECK-STRINGER CONNECTION
AASHTO LRFD HL-93 TANDEM LOADING - INTERIOR STRINGER

COMPUTE LIVE LOAD SHEAR FLOW THRU DECK CONNECTION FASTENERS AT SERVICE Il LIMIT STATE

AASHTO LRFD DESIGN LIVE LOADS, LL:

Design Truck:
Lane Load:

Dynamic Load Allowance, IM:
Load Factor, Y

Distribution Factor (1):
Multi-presence Factor, m :
Distribution Factor (1):
Multi-presence Factor, m :

AASHTO LRFD DISTRIBUTION FACTOR:

Lever Rule =
DF = 0.600
DF = 0.500
Use DF = 0.600

AXLE 1

(kips)
25.0

0.33
1.30

0.500
1.20

0.500
1.00

SPACING AXLE 2 SPACING AXLE 3
(ft) (kips) (ft) (kips)
4.00 25.0

Service Il Limit State

Single Lane
Single Lane
Two Lanes
Two Lanes

Table 4.6.2.2.3a-1 (Concrete Deck on Steel Beams)
Lever Rule - Single Lane (NOTE: § < 6.0' Wheel Line Spacing)
Lever Rule - Two Lanes (NOTE: S > 4.0' Wheel Line Spacing)

Controlling DF

NOTES:
(1) Distribution Factor per Lever Rule

(2) Number of Stringers (3) asssumes that the deck is typically configured in independent units approximately equal to the lane widths with longitudinal

expansion joints along the lane lines.

(3) Interior stringer controls over exterior stringer for shear connector design.

BRIDGE CONFIGURATION
Stringer Span Length, L=
Deck Cantilever Length, C=
Stringer Spacing, S =
Deck Slab Thickness, t, =
Number of Stringers, N, (2) =
Stringer Size:
Stringer Inertia, |, =
Stringer Area, A =
Stringer Depth, d =
Steel Modulus of Elasticity, Eqee =
Alum. Deck Top Plate Unit Area =
Alum. Deck Top Plate Unit Inertia =
Alum. Deck Bott. Plate Unit Area =
Alum. Deck Bott. Plate Unit Inertia =
Alum. Modulus of Elasticity, Ejm =
Alum. Deck Max. Effective Width, b,:
Alum. Deck Top PI. Transformed Area, A':
Alum. Deck Top PI. Transformed Inertia, I',:
Alum. Deck Bott. PI. Transformed Area, A":
Alum. Deck Bott. PI. Transformed Inertia, I';:

16.75 ft
0.63 ft
6.00 ft

5in

3

W 16x50
659 in
14.7 in

16.26 in

29000 ksi
4.84in* per ft

0.066 in" per ft
5.02 in* per ft

0.073 in" per ft

10100 ksi
6.00 ft

10.12 in’
0.14in"

10.49 in’
0.15in"

4
2

Alum. Deck Top Plate Average Thickness = 0.4036 in
Alum. Deck Top Plate Min.Thickness = 0.25in
Alum. Deck Bott. Plate Average Thickness = 0.4184 in
Alum. Deck Bott. Plate Min.Thickness = 0.375in



Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
FULL COMPOSITE SECTION PROPERTIES - AT 0.00 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®
1*=3Ad%+3, = 659.0 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.05 L % Bott. Plate Effective = 27.92% % Top Plate Effective = 7.79% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.79 21.06 16.6 11.05 96.3 0.0 1.6750 0.2792 0.2792 0.0779
Transformed Deck Bott. Plate 2.93 16.47 48.2 6.46 122.2 0.0 1.6750 0.2792 1.0000 0.2792
Stringer 14.7 8.13 119.5 1.88 51.9 659.0
SUM 18.42 10.01 184.36 270.4 659.1
Sdecktop = 841
IA* = 3.72in’ Sgeckbott = 143.9
Q* = 3A*y* = 27.63 in®
1*=3Ad%+3, = 9295 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.10 L % Bott. Plate Effective = 55.83% % Top Plate Effective = 31.17% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 3.15 21.06 66.4 9.15 264.0 0.0 3.3500 0.5583 0.5583 0.3117
Transformed Deck Bott. Plate 5.86 16.47 96.5 4.56 121.8 0.1 3.3500 0.5583 1.0000 0.5583
Stringer 14.7 8.13 119.5 3.78 210.1 659.0
SUM 23.71 1191 282.42 595.8 659.1
Sdecktop = 137.2
IA* = 9.01in’ Sgeckbott = 275.3
Q* = 3A*y* = 55.57 in®
1*=3Ad%+3, = 1255.0 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.15 L % Bott. Plate Effective = 83.75% % Top Plate Effective = 70.14% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 7.10 21.06 149.5 7.53 402.7 0.1 5.0250 0.8375 0.8375 0.7014
Transformed Deck Bott. Plate 8.79 16.47 144.7 2.94 76.1 0.1 5.0250 0.8375 1.0000 0.8375
Stringer 14.7 8.13 119.5 5.40 428.1 659.0
SUM 30.59 13.53 413.71 906.9 659.2
Sdecktop = 207.9
IA* = 15.89 in’ Sgeckbott = 532.2
Q* = 3A*y* = 79.33 in®
1*=3Ad%+3, = 1566.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.20 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = SA*y* = 90.89 in®
1*=3Ad%+3l, = 1730.5 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.25 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = SA*y* = 90.89 in®
1*=3Ad%+31, = 1730.5 in*



Effective Slab Width

Fraction of Full

Fraction of Deck Total Fraction of

FULL COMPOSITE SECTION PROPERTIES - AT 0.30 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = 3A*y* = 90.89 in®
1*=3Ad%+3, = 1730.5 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.35 L % Bott. Plate Effective = 83.75% % Top Plate Effective = 70.14% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 7.10 21.06 149.5 7.53 402.7 0.1 5.0250 0.8375 0.8375 0.7014
Transformed Deck Bott. Plate 8.79 16.47 144.7 2.94 76.1 0.1 5.0250 0.8375 1.0000 0.8375
Stringer 14.7 8.13 119.5 5.40 428.1 659.0
SUM 30.59 13.53 413.71 906.9 659.2
Sdecktop = 207.9
IA* = 15.89 in’ Sgeckbott = 532.2
Q* = 3A*y* = 79.33 in®
1*=3Ad%+3, = 1566.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.40 L % Bott. Plate Effective = 55.83% % Top Plate Effective = 31.17% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 3.15 21.06 66.4 9.15 264.0 0.0 3.3500 0.5583 0.5583 0.3117
Transformed Deck Bott. Plate 5.86 16.47 96.5 4.56 121.8 0.1 3.3500 0.5583 1.0000 0.5583
Stringer 14.7 8.13 119.5 3.78 210.1 659.0
SUM 23.71 1191 282.42 595.8 659.1
Sdecktop = 137.2
IA* = 9.01in’ Sgeckbott = 275.3
Q* = 3A*y* = 55.57 in®
1*=3Ad%+3, = 1255.0 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.45 L % Bott. Plate Effective = 27.92% % Top Plate Effective = 7.79% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.79 21.06 16.6 11.05 96.3 0.0 1.6750 0.2792 0.2792 0.0779
Transformed Deck Bott. Plate 2.93 16.47 48.2 6.46 122.2 0.0 1.6750 0.2792 1.0000 0.2792
Stringer 14.7 8.13 119.5 1.88 51.9 659.0
SUM 18.42 10.01 184.36 270.4 659.1
Sdecktop = 841
IA* = 3.72in’ Sgeckbott = 143.9
Q* = 3A*y* = 27.63 in®
1*=3Ad%+3, = 9295 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.50 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®

1*=3Ad%+3l, = 659.0 in"



Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
FULL COMPOSITE SECTION PROPERTIES - AT 0.55 L % Bott. Plate Effective = 27.92% % Top Plate Effective = 7.79% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.79 21.06 16.6 11.05 96.3 0.0 1.6750 0.2792 0.2792 0.0779
Transformed Deck Bott. Plate 2.93 16.47 48.2 6.46 122.2 0.0 1.6750 0.2792 1.0000 0.2792
Stringer 14.7 8.13 119.5 1.88 51.9 659.0
SUM 18.42 10.01 184.36 270.4 659.1
Sdecktop = 841
IA* = 3.72in’ Sgeckbott = 143.9
Q* = 3A*y* = 27.63 in®
1*=3Ad%+3, = 9295 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.60 L % Bott. Plate Effective = 55.83% % Top Plate Effective = 31.17% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 3.15 21.06 66.4 9.15 264.0 0.0 3.3500 0.5583 0.5583 0.3117
Transformed Deck Bott. Plate 5.86 16.47 96.5 4.56 121.8 0.1 3.3500 0.5583 1.0000 0.5583
Stringer 14.7 8.13 119.5 3.78 210.1 659.0
SUM 23.71 1191 282.42 595.8 659.1
Sdecktop = 137.2
IA* = 9.01in’ Sgeckbott = 275.3
Q* = 3A*y* = 55.57 in®
1*=3Ad%+3, = 1255.0 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.65 L % Bott. Plate Effective = 83.75% % Top Plate Effective = 70.14% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 7.10 21.06 149.5 7.53 402.7 0.1 5.0250 0.8375 0.8375 0.7014
Transformed Deck Bott. Plate 8.79 16.47 144.7 2.94 76.1 0.1 5.0250 0.8375 1.0000 0.8375
Stringer 14.7 8.13 119.5 5.40 428.1 659.0
SUM 30.59 13.53 413.71 906.9 659.2
Sdecktop = 207.9
IA* = 15.89 in’ Sgeckbott = 532.2
Q* = 3A*y* = 79.33 in®
1*=3Ad%+3, = 1566.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.70 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = 3A*y* = 90.89 in®
1*=3Ad%+3, = 1730.5 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.75 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = SA*y* = 90.89 in®
1*=3Ad%+3l, = 1730.5 in*



Effective Slab Width

Fraction of Full

Fraction of Deck Total Fraction of

PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.80 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = 3A*y* = 90.89 in®
1*=3Ad%+3, = 1730.5 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
FULL COMPOSITE SECTION PROPERTIES - AT 0.85 L % Bott. Plate Effective = 83.75% % Top Plate Effective = 70.14% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 7.10 21.06 149.5 7.53 402.7 0.1 5.0250 0.8375 0.8375 0.7014
Transformed Deck Bott. Plate 8.79 16.47 144.7 2.94 76.1 0.1 5.0250 0.8375 1.0000 0.8375
Stringer 14.7 8.13 119.5 5.40 428.1 659.0
SUM 30.59 13.53 413.71 906.9 659.2
Sdecktop = 207.9
IA* = 15.89 in’ Sgeckbott = 532.2
Q* = 3A*y* = 79.33 in®
1*=3Ad%+3, = 1566.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.90 L % Bott. Plate Effective = 55.83% % Top Plate Effective = 31.17% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 3.15 21.06 66.4 9.15 264.0 0.0 3.3500 0.5583 0.5583 0.3117
Transformed Deck Bott. Plate 5.86 16.47 96.5 4.56 121.8 0.1 3.3500 0.5583 1.0000 0.5583
Stringer 14.7 8.13 119.5 3.78 210.1 659.0
SUM 23.71 1191 282.42 595.8 659.1
Sdecktop = 137.2
IA* = 9.01in’ Sgeckbott = 275.3
Q* = 3A*y* = 55.57 in®
1*=3Ad%+3, = 1255.0 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.95 L % Bott. Plate Effective = 27.92% % Top Plate Effective = 7.79% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.79 21.06 16.6 11.05 96.3 0.0 1.6750 0.2792 0.2792 0.0779
Transformed Deck Bott. Plate 2.93 16.47 48.2 6.46 122.2 0.0 1.6750 0.2792 1.0000 0.2792
Stringer 14.7 8.13 119.5 1.88 51.9 659.0
SUM 18.42 10.01 184.36 270.4 659.1
Sdecktop = 841
IA* = 3.72in’ Sgeckbott = 143.9
Q* = 3A*y* = 27.63 in®
1*=3Ad%+3, = 9295 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 1.00 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®

1*=3Ad%+3l, = 659.0 in"



LIVE LOAD SHEAR, Y,,Vy,
LANE LOADING COMPONENT

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 12t 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 13t 0.25 AXLE 1 at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 12t 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, YV, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi,
() (kips) (kips) (kips) (iips) (kips) (kips) (kips) (kips) (kips) (kips)
Ra 42 42 42 42 42 42 42 42 42 42
0.00 0.000 22 22 22 22 22 22 42 22 22 22
0.05 03838 38 38 38 38 38 38 38 38 38 38 Live Load Shear
0.10 1675 33 33 33 33 33 33 33 33 33 33 HL-93 Loading (Lane Component)
0.15 2513 29 29 29 29 29 29 29 29 29 29
020 3350 25 25 25 25 25 25 25 25 25 25 5
025 4.188 21 21 21 21 21 21 21 21 21 21 4 — eriest
030 5.025 17 17 17 17 17 17 17 17 17 17 N )
0.35 5.863 13 13 13 13 13 13 13 13 13 13 —Series2
0.40 6.700 08 08 08 08 038 08 08 08 038 08 2 ——Series3
045 7.538 04 04 04 04 04 04 04 04 04 04 71 —Seriest
0.50 8375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 £,  ceriess
055 9213 04 04 04 04 04 04 04 04 04 04 5 )
0.60 10.050 0.8 038 0.8 038 0.8 038 08 038 038 038 &1 —Seriess
0.65 10.888 13 13 13 13 13 13 13 13 13 13 2 Series?
0.70 11.725 17 17 17 17 17 17 17 17 17 17 R —seriess
075 12563 21 21 21 21 21 21 21 21 21 21 )
0.80 13.400 25 25 25 25 25 25 25 25 25 25 -4 Series9
0.85 14.238 29 29 29 29 29 29 29 29 29 29 s ———Series10
0.90 15.075 33 33 33 33 33 33 33 33 33 33 00 01 02 03 04 05 06 07 08 09 10 Series11
095 15.913 3.8 338 3.8 338 3.8 338 3.8 338 3.8 338 Fraction of Stringer Length, L
1.00 16.750 42 42 42 42 42 42 42 42 42 42
Re 22 22 22 22 42 22 22 22 42 22
LIVE LOAD SHEAR, YV,
TRUCK LOADING COMPONENT
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 12t 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 12t 0.25 AXLE 1 at 0.30 AXLE 12t 0.35 AXLE 1 at 0.40 AXLE 12t 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION SHEAR, Y, Vy, SHEAR, Y.V, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y.V, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi,
() (kips) (kips) (kips) (iips) (kips) (kips) (kips) (kips) (kips) (kips)
Ra 431 405 37.9 35.3 327 30.1 275 24.9 23 197
0.00 0.000 431 205 379 353 327 301 275 249 23 197
0.05 03838 171 205 379 353 327 30.1 275 249 23 197 Live Load Shear
0.10 1675 17.1 146 37.9 353 327 30.1 275 249 23 197 HL-93 Loading (Truck Component)
0.15 2513 17.1 146 120 353 327 30.1 275 249 23 197
020 3350 17.1 146 120 9.4 327 30.1 275 249 23 197
025 4.188 17.1 146 120 9.4 6.8 30.1 275 249 23 197
030 5.025 88 146 120 9.4 6.8 42 275 249 23 197 . ——Series2
035 5.863 -8.8 114 120 9.4 6.8 42 16 249 23 197 X . e Series3
0.40 6.700 88 114 -14.0 9.4 6.8 42 16 10 23 197 =t \ )
045 7.538 838 114 -14.0 -16:6 638 42 16 -1.0 36 19.7 z = AL A Tseriest
0.50 8375 838 114 14.0 166 192 4.2 16 10 36 62 £ =R ——Series5
0.55 9213 838 114 140 -16.6 192 218 16 10 356 6.2 5 \ \\-V -\-\-\-—_ ——Series6
0.60 10.050 -8.8 114 -14.0 -16.6 19.2 218 243 10 36 6.2 & A T - Series?
0.65 10.888 -8.8 114 -14.0 -16.6 19.2 218 243 -26.9 36 6.2 e —— )
0.70 11.725 8.8 114 -14.0 -16.6 -19.2 218 243 269 295 6.2 X X X T Series8
0.75 12.563 -8.8 114 -14.0 -16.6 19.2 218 243 -26.9 295 321 ‘ a— _\E__ Seriesd
0.80 13.400 -8.8 114 -14.0 -16.6 19.2 218 243 -26.9 295 321 ——Series10
0.85 14.238 -8.8 114 -14.0 -16.6 19.2 218 243 -26.9 295 321 ‘ seriest1
0.90 15.075 -8.8 114 -14.0 -16.6 19.2 218 243 -26.9 295 321 00 01 02 03 04 05 06 07 08 09 10
095 15.913 -8.8 114 -14.0 -16.6 19.2 218 243 -26.9 295 321 Fraction of Stringer Length, L
1.00 16.750 -8.8 114 -14.0 -16.6 -19.2 218 243 -26.9 29.5 321
Re 8.8 114 140 166 192 218 23 26.9 295 321




LIVE LOAD SHEAR, Y,,Vy,
TOTAL LOADING

ABSOLUTE ENVELOPE NEGATIVE ENVELOPE ~ POSITIVE ENVELOPE LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
SHEAR, Y, Vi, SHEAR, Y, Vi, SHEAR, Y, Vi, AXLE 1at 0.05 AXLE 1at 0.10 AXLE 12t 0.15 AXLE 1 at 0.20 AXLE 12t 0.25 AXLE 1at 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi,
(ft) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips)
Ra 473 13.0 473 47.3 44.7 421 39.5 36.9 343 317 29.1 265 239
0.00 0.000 273 36.3 273 473 247 221 395 36.9 343 317 291 265 239 .
0.05 0.838 443 -35.9 443 209 443 417 39.1 36.5 339 313 287 26.1 235 Live Load Shear
0.10 1675 412 355 412 205 17.9 412 386 36.1 335 30.9 283 257 23.1 HL-93 Loading (Total)
0.15 2.513 38.2 -35.1 382 20.1 175 14.9 382 35.6 33.0 304 27.9 253 27
020 3350 35.2 346 35.2 19.7 17.1 145 119 35.2 326 30.0 27.4 24.8 223 4
025 4.188 34.2 342 322 19.2 16.6 14.1 115 89 322 296 27.0 2.4 218 5 ~—ENVELOPE
030 5.025 312 312 29.2 71 162 136 110 8.4 5.9 292 26.6 24.0 214 hd i i i i | fes2
035 5.863 282 -28.2 26.2 75 -10.1 132 106 8.0 5.4 2.8 26.2 236 21.0 30 o Series3
0.40 6.700 25.2 -25.2 232 -8.0 -10.5 131 102 7.6 5.0 2.4 -0.2 232 206 2
045 7.538 222 222 20.2 -84 -11.0 -13.6 -16.1 72 46 2.0 0.6 32 20.2 715
0.50 8375 192 192 192 8.8 114 -14.0 -16.6 192 2.2 16 10 36 6.2 £ 10
0.55 9213 222 222 202 92 118 144 17.0 196 222 12 14 4.0 6.6 5 o —— Series6
0.60 10.050 25.2 -25.2 232 9.6 122 -14.8 -17.4 -20.0 226 -25.2 18 -4.4 7.0 I — eries?
0.65 10.888 282 -28.2 26.2 -10.0 126 -15.2 17.8 -20.4 -23.0 -25.6 -28.2 -4.9 7.4 s
0.70 11.725 312 312 29.2 -10.5 13.1 -15.6 -18.2 -20.8 234 -26.0 286 312 7.9 20
0.75 12.563 342 -34.2 322 -10.9 135 -16.1 -18.7 213 238 264 -29.0 316 -34.2 EA
0.80 13.400 35.2 346 35.2 113 139 -16.5 -19.1 217 243 -26.9 -29.4 320 346 35 i i = = ——Series10
0.85 14.238 38.2 -35.1 382 117 -14.3 -16.9 -19.5 221 -24.7 -27.3 -29.9 325 -35.1 b — eriest
0.90 15.075 412 355 412 121 -14.7 17.3 -19.9 225 25.1 27.7 -30.3 -32.9 355 00 01 02 03 04 05 06 07 08 09 10
0.95 15.913 443 359 443 1255 -15.1 -17.7 203 229 255 -28.1 307 333 359 Fraction of Stringer Length, L ENVELOPE
1.00 16.750 47.3 -36.3 47.3 -13.0 -15.6 -18.2 -20.7 233 -25.9 -28.5 311 -33.7 -36.3

Rs 47.3 13.0 47.3 13.0 156 18.2 20.7 233 25.9 28.5 311 337 36.3



LIVE LOAD MOMENT, Y,My,
LANE LOADING COMPONENT

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 12t 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 13t 0.25 AXLE 1 at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 12t 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION MOMENT, Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT, Y M,
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 33 33 33 33 33 33 33 33 33 33 Live Load Moment
0.10 1675 63 63 63 63 63 63 63 63 63 63 HL-93 Loading (Lane Component)
0.15 2513 89 8.9 8.9 8.9 8.9 8.9 89 89 8.9 8.9
020 3350 112 112 112 112 112 112 112 112 112 112 20 ‘ ‘
025 4188 131 131 13.1 131 131 131 131 131 131 131 18 ‘ ‘ —eriest
030 5.025 147 147 147 147 147 147 147 147 147 147 1 )
0.35 5.863 159 15.9 159 15.9 159 15.9 159 15.9 159 15.9 —Series2
0.40 6.700 16.8 168 16.8 168 16.8 168 16.8 16.8 16.8 168 _ 14 ——Series3
045 7.538 173 173 173 173 173 173 173 173 173 173 S0 ——Seriest
0.50 8375 175 175 175 175 175 175 175 175 175 175 = )
055 9213 173 173 173 173 173 173 173 173 173 173 g0 Toseriess
0.60 10.050 16.8 168 16.8 168 16.8 168 16.8 168 16.8 168 58 —Series6
0.65 10.888 15.9 159 15.9 159 15.9 15.9 15.9 15.9 15.9 15.9 = Series?
0.70 11.725 147 147 147 147 147 147 147 147 147 147 . seriess
075 12563 131 131 13.1 131 131 131 131 131 131 131 )
0.80 13.400 112 112 11.2 112 11.2 112 112 112 112 11.2 2 Series9
0.85 14.238 89 8.9 8.9 8.9 8.9 8.9 89 89 8.9 8.9 o ~——Series10
0.90 15.075 63 63 63 63 63 63 63 63 63 63 00 01 02 03 04 05 06 07 08 09 10 Series11
095 15.913 33 33 33 33 33 33 33 33 33 33 Fraction of Stringer Legnth, L
1.00 16.750 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0
R
LIVE LOAD MOMENT, Y, My,
TRUCK LOADING COMPONENT
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 12t 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 12t 0.25 AXLE 1 at 0.30 AXLE 12t 0.35 AXLE 1 at 0.40 AXLE 12t 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION MOMENT, Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT, Y M,
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 36.1 339 317 206 274 252 230 209 187 165 Live Load Moment
0.10 1675 50.4 67.8 63.5 50.1 54.8 50.4 46.1 28 374 331 HL-93 Loading (Truck Component)
0.15 2513 64.8 80.0 95.2 88.7 822 75.7 69.1 62.6 56.1 49.6
020 3350 79.2 922 105.2 1183 109.6 100.9 922 835 74.8 66.1 180 I
025 4.188 935 104.4 115.2 126.1 137.0 126.1 115.2 108.4 935 827 160 > \ o seriesl
030 5.025 103.0 116.6 1253 1340 142.6 1513 1383 1253 1122 99.2 / )
035 5.863 95.7 1239 1353 1418 1483 154.8 161.3 146.1 130.9 115.7 140 X — Series2
0.40 6.700 88.3 114.4 140.4 1496 154.0 158.3 162.7 167.0 149.6 1323 — 120 / \ ——Series3
045 7.538 80.9 104.8 128.7 152.6 159.7 161.8 164.0 166.2 168.4 148.8 % \ ——Seriesd
0.50 8375 736 953 117.0 1388 160.5 1653 1653 1653 1653 1653 £ 100 \  seriess
055 9213 66.2 858 1053 1249 1444 164.0 166.7 1645 1623 160.1 g s
0.60 10.050 58.9 76.2 93.6 111.0 1284 1458 163.1 163.6 159.3 155.0 5 ——Seriesé
0.65 10.888 515 66.7 819 97.1 1123 1275 142.7 157.9 156.3 149.8 = 60 \\ Series?
0.70 11.725 442 57.2 70.2 833 9.3 109.3 1223 135.4 148.4 1446 40 § o Series
075 12563 36.8 47.7 58.5 69.4 80.2 911 102.0 1128 123.7 1345 )
0.80 13.400 29.4 381 46.8 55.5 64.2 72.9 816 903 98.9 107.6 20 | Seriesd
0.85 14.238 21 286 351 416 481 54.7 61.2 67.7 74.2 80.7 0 ~——Series10
0.90 15.075 147 19.1 234 27.8 321 36.4 4038 451 495 538 00 01 02 03 04 05 06 07 08 09 10 Series11
095 15.913 7.4 95 117 139 16.0 182 204 26 247 26.9 Fraction of Stringer Length, L
1.00 16.750 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0
R
4838 5.675 6513 7.350 8.188 9.025 9.863 10.700 11538 12375




LIVE LOAD MOMENT, Y,My,
TOTAL LOADING COMPONENT

ABSOLUTE ENVELOPE NEGATIVE ENVELOPE ~ POSITIVE ENVELOPE LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
MOMENT, Y, My, MOMENT, Y(My,  MOMENT, Y My, AXLE 1at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION ~ LOCATION MOMENT, Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M;,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT, Y M,
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 39.4 107 39.4 39.4 37.2 351 329 30.7 285 26.4 24.2 220 199 Live Load Moment
0.10 1675 74.1 21.0 74.1 56.7 74.1 69.8 65.4 611 56.7 524 481 43.7 39.4 HL-93 Loading (Total)
0.15 2513 104.1 31.0 104.1 73.7 88.9 104.1 97.6 911 84.6 78.1 716 65.0 58.5
0.20 3.350 1295 406 1295 90.4 1034 116.4 1295 120.8 1121 103.4 94.7 86.0 773 200
025 4.188 1501 499 1501 106.7 117.5 128.4 139.2 150.1 139.2 128.4 117.5 106.7 95.8 180 =  ENVELOPE
030 5.025 166.0 58.9 166.0 117.7 1313 140.0 1487 157.3 166.0 153.0 1400 1269 113.9 160 f \ -
035 5.863 177.3 67.4 177.3 1116 139.8 1512 157.7 164.2 170.8 177.3 1621 146.9 1317 s
0.40 6.700 183.8 75.7 183.8 105.1 1312 157.2 166.5 170.8 1751 1795 183.8 166.5 149.1 _ 140 \ ——Series3
045 7.538 185.7 83.6 185.7 98.3 1222 146.1 170.0 177.0 179.2 1813 1835 185.7 166.1 %12
0.50 8.375 1828 911 1828 911 1128 1345 156.3 178.0 1828 182.8 1828 182.8 1828 < 100 N\ — eriess
055 9.213 185.7 836 185.7 836 1031 1227 1422 161.8 1813 184.0 1818 179.7 177.5 H \
0.60 10.050 183.8 75.7 183.8 75.7 931 1104 127.8 1452 162.6 179.9 180.5 176.1 171.8 5 0 \ = Series6
065 10.888 177.3 67.4 177.3 67.4 82.6 97.9 1131 1283 1435 158.7 1739 1722 165.7 0 \ ——Series7
0.70 11.725 166.0 58.9 166.0 58.9 71.9 84.9 98.0 111.0 1240 137.1 150.1 163.1 159.3 w© —Seriess
075 12.563 1501 499 1501 49.9 60.8 716 82.5 934 104.2 115.1 1259 136.8 147.7 | seriess
0.80 13.400 1295 406 1295 40.6 493 58.0 66.7 75.4 84.1 928 1015 110.1 118.8 20 ‘
0.85 14.238 104.1 31.0 104.1 31.0 375 44.0 50.6 57.1 63.6 701 76.6 83.1 89.7 0 ———Series10
0.90 15.075 74.1 21.0 74.1 21.0 25.4 29.7 341 38.4 27 471 514 55.8 60.1 00 01 02 03 04 05 06 07 O 09 10 Series11
095 15.913 39.4 107 39.4 10.7 129 15.0 172 19.4 215 237 25.9 28.1 30.2 Fraction of Stringer Length, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rg




LIVE LOAD DECK TOP PLATE STRESS, Y0,

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE 1at 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION Sat center deck top plate AVG STRESS, Y0,  AVG STRESS,Y,0;,  AVGSTRESS,Y,o,  AVGSTRESS,Y,0,  AVGSTRESS,Y 0, AVGSTRESS,Y,0, AVGSTRESS,Y 0, AVGSTRESS,Y,0, AVGSTRESS, Y o,  AVGSTRESS,Y 0,  AVG STRESS,Y, 0,
(ft) (in’) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 84.1 20 2.0 18 17 16 15 14 13 12 11 1.0 Section Properties, S,
0.10 1675 137.2 23 17 23 21 2.0 19 17 16 15 13 12
0.15 2513 207.9 2.1 15 18 21 2.0 18 17 16 14 13 12
0.20 3.350 256.6 2.1 15 17 1.9 2.1 2.0 18 17 15 14 13 1200
0.25 4.188 256.6 24 17 19 21 23 24 23 21 19 17 16
030 5.025 256.6 27 19 2.1 23 24 26 27 25 23 21 19 1000
035 5.863 207.9 36 22 238 3.0 32 33 34 3.6 33 3.0 26 T
0.40 6.700 137.2 5.6 3.2 4.0 48 5.1 5.2 53 5.5 5.6 5.1 45 < 800
0.45 7.538 84.1 9.2 4.9 6.1 7.3 8.4 8.8 8.9 9.0 9.1 9.2 83 ':.
0.50 8375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 o
0.55 9.213 84.1 9.2 42 5.1 6.1 7.1 8.0 9.0 9.1 9.0 89 838 3 —Sxct
0.60 10.050 137.2 5.6 23 238 34 3.9 4.4 5.0 5.5 55 5.4 5.2 H b
0.65 10.888 207.9 36 14 17 2.0 23 26 29 3.2 35 35 33 § 400
0.70 11.725 256.6 27 1.0 12 14 16 18 20 22 24 27 26 &
0.75 12.563 256.6 24 08 10 12 13 15 17 19 21 22 24 200
0.80 13.400 256.6 2.1 0.7 0.8 0.9 11 12 14 15 17 1.8 19 \ /
0.85 14.238 207.9 2.1 0.6 0.8 0.9 10 11 13 14 15 17 18 0
0.90 15.075 137.2 23 0.6 0.8 0.9 10 12 13 14 16 17 18 00 01 02 03 04 05 06 07 08 09 10
0.95 15.913 84.1 2.0 0.5 0.6 0.7 0.9 1.0 11 12 13 14 15 Fraction of Stringer Legnth, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rs
LIVE LOAD DECK BOTTOM PLATE STRESS, Y,,0,
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE 1at 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION Sat center deck bott plate AVG STRESS, Y0,  AVG STRESS,Y,0;,  AVGSTRESS,Y,o,  AVGSTRESS,Y,0,  AVGSTRESS,Y 0, AVGSTRESS,Y,0,  AVGSTRESS,Y 0, AVGSTRESS,Y,0, AVGSTRESS, Y o,  AVGSTRESS,Y 0,  AVG STRESS,Y, 0,
(ft) (in’) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 143.9 11 11 11 1.0 10 0.9 0.8 0.8 0.7 0.6 0.6
0.10 1675 275.3 11 0.9 11 11 10 0.9 0.9 0.8 0.7 0.7 0.6
0.15 2513 532.2 0.8 0.6 0.7 0.8 0.8 0.7 0.7 0.6 0.6 0.5 05
0.20 3.350 802.5 0.7 0.5 05 0.6 0.7 0.6 0.6 0.5 05 0.4 0.4
0.25 4.188 802.5 0.8 0.6 0.6 0.7 0.7 0.8 0.7 0.7 0.6 0.6 05
0.30 5.025 802.5 0.9 0.6 0.7 0.7 0.8 0.8 0.9 0.8 0.7 0.7 0.6
035 5.863 532.2 14 0.9 11 12 12 13 13 14 13 12 10
0.40 6.700 275.3 238 16 2.0 24 25 26 27 2.7 2.8 25 23
0.45 7.538 143.9 5.4 2.9 35 4.2 4.9 5.1 5.2 5.3 5.3 5.4 4.8
0.50 8375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.55 9.213 1439 5.4 24 3.0 36 41 47 53 53 53 5.2 52
0.60 10.050 275.3 238 11 14 17 19 22 25 2.7 27 2.7 26
0.65 10.888 532.2 14 0.5 0.6 0.8 0.9 1.0 11 12 14 14 13
0.70 11.725 802.5 0.9 03 0.4 0.4 05 0.6 0.6 0.7 0.8 0.8 0.8
0.75 12.563 802.5 0.8 03 03 0.4 0.4 0.5 05 0.6 0.7 0.7 0.8
0.80 13.400 802.5 0.7 0.2 03 03 03 0.4 0.4 0.5 05 0.6 0.6
0.85 14.238 532.2 0.8 0.2 03 03 0.4 0.4 05 0.6 0.6 0.7 0.7
0.90 15.075 275.3 11 03 0.4 0.5 05 0.6 0.6 0.7 0.8 0.8 0.9
0.95 15.913 143.9 11 03 0.4 0.4 05 0.6 0.6 0.7 0.8 0.8 0.9
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rg




LIVE LOAD DECK COMPRESSIVE FORCE, Y,P\| geck

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1 at 0.45 AXLE 13t 0.50
LOCATION ~ LOCATION Adectop Adecbors FORCE, Yy,Py, FORCE, Y,Py, FORCE, Yy,Py, FORCE, Y,Py, FORCE, Yy,Py, FORCE, Y,Py, FORCE, Yy,Py, FORCE, Y,Py, FORCE, Yy,Py, FORCE, Y,,Py, FORCE, Yy,Py,
() (in%) (in?) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips)
Ra
0.00 0.000 0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 0.79 293 141 141 133 125 117 110 102 94 86 79 71 Deck Live Load Axial (Compression) Force
0.10 1675 3.15 5.86 39.4 30.2 39.4 371 34.8 325 30.2 27.8 255 232 20.9 .
0.15 2513 7.10 8.79 63.3 44.8 54.1 633 59.3 55.4 514 475 435 395 35.6 HL-93 Loading (Total)
0.20 3.350 10.12 10.49 81.6 57.0 65.2 73.4 81.6 76.1 70.6 65.2 59.7 54.2 487 120
025 4.188 10.12 10.49 9.6 67.2 74.1 80.9 87.8 9.6 87.8 80.9 74.1 67.2 60.4  ENVELOPE
030 5.025 10.12 10.49 104.6 74.2 82.7 88.2 93.7 99.2 104.6 96.4 88.2 80.0 71.8 Z 100
035 5.863 7.10 8.79 107.8 67.8 85.0 91.9 95.9 99.8 103.8 107.8 98.5 89.3 80.0 £ —Series2
0.40 6.700 3.15 5.86 97.7 55.9 69.7 83.6 88.4 90.8 931 95.4 97.7 88.4 79.2 g a0 ——Series3
045 7.538 0.79 293 66.2 351 436 52.1 60.6 63.1 63.9 64.7 65.5 66.2 59.3 & o Seriess
0.50 8375 0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 B )
0.55 9213 0.79 293 66.2 298 36.8 438 50.7 57.7 64.7 65.6 64.9 64.1 633 g T Seriess
0.60 10.050 3.15 5.86 97.7 40.2 29.4 58.7 67.9 771 86.4 95.6 95.9 936 913 - ——Seriesé
065 10.888 7.10 8.79 107.8 41.0 50.2 59.5 68.7 78.0 87.2 96.4 105.7 1047 100.7 g 4o ——Series7
0.70 11.725 10.12 10.49 104.6 371 453 535 61.7 70.0 78.2 86.4 9.6 102.8 1004 3  Seriess
075 12.563 10.12 10.49 9.6 315 383 45.2 52.0 58.8 65.7 725 79.4 86.2 931 3 20 )
0.80 13.400 10.12 10.49 816 25.6 311 36.6 420 475 53.0 58.5 63.9 69.4 74.9 Series?
0.85 14.238 7.10 8.79 63.3 188 228 26.8 307 347 386 426 46.6 50.5 54.5 0 ——Series10
0.90 15.075 3.15 5.86 39.4 112 135 15.8 18.1 204 227 25.0 273 296 319 00 01 02 03 04 05 06 07 08 09 10 Seriesi1
095 15.913 079 293 14.1 3.8 46 5.4 6.1 6.9 77 85 9.2 10.0 108 Fraction of Stringer Length, L
1.00 16.750 0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rg
LIVE LOAD DECK CONNECTION SHEAR FLOW, Yy, dec
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10

NEGATIVE ENVELOPE  POSITIVE ENVELOPE ABSOLUTE ENVELOPE

AXLE 1 at 0.05

AXLE1at0.10

AXLE 1at0.15

AXLE 1at0.20

AXLE 1at0.25

AXLE 1at0.30

AXLE 1at0.35

AXLE 1 at 0.40

AXLE 1 at 0.45

AXLE 1 at 0.50

LOCATION ~ LOCATION ~ SHEARFLOW,Y,qy SHEARFLOW,Y,qy SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,qy SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEAR FLOW,Y,qy
(ft) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in)
Re
0.00 0.000 107 1.40 1.40 .40 132 124 117 .09 .01 094 0.86 078 0.70 . . .
0.05 0838 211 2.60 2.60 1.60 2.60 244 229 2.14 1.99 183 168 153 138 Deck to Stringer Connection Live Load Shear Flow
0.10 1675 224 261 261 1.46 1.46 2.61 244 2.28 212 1.95 179 1.62 1.46 HL-93 Loading (Total)
015 2.513 -2.03 221 221 121 111 1.00 221 2.06 1.91 176 161 1.46 131
0.20 3350 181 1.84 1.84 1.02 0.89 075 0.61 1.84 1.70 1.57 1.43 1.29 116
0.25 4188 165 1.68 1.68 069 0.86 073 0.59 045 1.68 1.54 1.41 127 1.14
030 5.025 -1.10 113 113 -0.63 0.22 037 0.22 007 -0.08 113 1.02 092 0.82 ——Seriesl
035 5.863 152 1.10 1.52 119 152 083 -0.74 -0.90 -1.07 123 -0.08 -0.08 -0.08 ——Series2
0.40 6.700 -3.20 3.09 3.20 207 -2.60 313 2.77 275 -2.90 -3.05 -3.20 221 -1.98 z \  seriess
045 7.538 -6.59 6.53 6.59 -3.49 -4.34 -5.19 -6.03 -6.28 -6.36 -6.44 -6.51 -6.59 -5.90 £ M ' )
0.50 8.375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3 —Series4
055 9213 6.59 6.53 6.59 2.97 366 435 5.05 574 6.44 653 6.45 638 6.30 2 E ——Seriess
0.60 10.050 -3.20 3.09 3.20 1.03 1.26 1.48 171 1.93 216 2.98 3.09 2.93 2.78 5 1 Y seress
0.65 10.888 152 1.10 1.52 0.08 0.08 0.08 0.08 0.08 0.08 0.08 098 110 094 & )
0.70 11.725 110 113 113 -039 -0.49 -0.59 -0.69 -0.80 -0.90 -1.00 110 -0.19 -0.03 N/ _Serfeg
075 12.563 -1.65 1.68 1.68 -0.56 -0.70 -0.83 -0.97 111 124 138 151 165 -0.73 Y, ~——Seriess
0.80 13.400 181 1.84 1.84 -0.58 0.72 085 -0.99 113 126 140 -1.54 167 181 v Series9
085 14238 -2.03 221 221 -0.67 -0.82 097 113 128 143 158 173 188 -2.03 — eriesio
0.90 15.075 -2.24 261 261 0.76 -0.93 109 126 142 -1.59 175 191 -2.08 2.24 00 01 02 03 04 05 06 07 08 09 10
0.95 15913 211 2.60 2.60 073 -0.88 -1.04 119 134 -1.49 165 -1.80 195 211 Fraction of Stringer Length, L
1.00 16.750 -1.07 1.40 1.40 -038 -0.46 -0.53 -0.61 -0.69 -0.76 -0.84 -0.92 -1.00 -1.07

Ry




LIVE LOAD DECK MOMENT, Y\ My geci

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1at 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION Vaeekiop Vaeckbor MOMENT, Y My geec  MOMENT, YuMy gece MOMENT, Y My gec MOMENT, YuMy gece  MOMENT, Y My, geci MOMENT, YuMy gece  MOMENT, Y My, geci MOMENT, YuMy gece  MOMENT, Y My, geci MOMENT, YMy gece
(ft) (in) (in) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 12.93 834 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .
0.05 03838 12.93 834 115 108 102 96 89 83 77 7.0 6.4 538 Deck Live Load Moment
0.10 1675 12.93 834 26.9 352 33.1 311 29.0 269 24.9 228 20.8 18.7 HL-93 Loading (Total)
0.15 2513 12.93 834 427 515 603 56.5 52.8 49.0 452 414 37.7 339
0.20 3.350 12.93 834 55.9 64.0 721 80.1 74.8 69.4 64.0 58.6 533 479 120
0.25 4.188 12.93 834 66.0 727 795 86.2 92.9 86.2 795 727 66.0 59.3
0.30 5.025 12.93 834 729 813 86.6 92.0 97.4 102.8 94.7 86.6 78.6 70.5 100 1
035 5.863 12.93 834 64.6 81.0 87.6 913 95.1 98.9 102.7 93.9 85.0 762 o Series2
0.40 6.700 12.93 834 499 623 74.7 79.0 81.1 832 85.2 87.3 79.0 70.8 £ - ceriess
0.45 7.538 12.93 8.34 28.6 355 425 49.4 515 52.1 52.8 53.4 54.0 483 3
0.50 8.375 12.93 834 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 = 0 / —Series4
0.55 9.213 12.93 834 243 30.0 357 414 47.1 52.8 535 529 523 516 H ——Seriess
0.60 10.050 12.93 834 35.9 442 52.4 60.7 68.9 772 85.4 85.7 83.6 81.6 § seriess
0.65 10.888 12.93 8.34 39.1 479 56.7 65.5 743 83.1 91.9 100.7 99.7 96.0 Z 4 )
0.70 11.725 12.93 8.34 36.4 a5 52.6 60.6 68.7 76.8 84.8 92.9 101.0 98.6 ~ Series7
0.75 12.563 12.93 834 30.9 37.6 444 51.1 57.8 64.5 712 78.0 84.7 91.4 20 = Series8
0.80 13.400 12.93 834 25.2 305 35.9 413 46.7 52.0 57.4 62.8 68.2 736 Serieso
0.85 14.238 12.93 834 18.0 217 255 293 33.0 36.8 406 444 48.1 519 0  eriesto
0.90 15.075 12.93 834 10.0 12.0 14.1 16.2 182 203 224 24.4 265 285 00 01 02 03 04 05 06 07 08 09 10
0.95 15.913 12.93 834 31 37 44 5.0 5.6 63 6.9 75 8.2 8.8 Fraction of Stringer Length, L
1.00 16.750 12.93 8.34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rg
LIVE LOAD STRINGER MOMENT, Yy,My singer
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1at 0.05 AXLE 1at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION MOMENT, Y My geci  MOMENT, Yy My et MOMENT, YyMy gese  MOMENT, Y My g MOMENT, Y My goei  MOMENT, Y My yesi  MOMENT, Yy My gee  MOMENT, YyMyi gece  MOMENT, Y My, g MOMENT, Yy My geei
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 27.9 264 2.9 233 218 202 18.7 17.2 156 141 Stringer Live Load Moment
0.10 1675 29.8 38.9 36.6 34.4 321 29.8 27.5 252 23.0 20.7 .
0.15 2513 31.0 37.4 438 411 38.4 356 329 30.1 27.4 24.6 HL-93 Loading (Total)
0.20 3.350 34.4 39.4 444 493 46.0 427 39.4 36.1 328 295 200
0.25 4.188 406 448 48.9 53.0 57.2 53.0 48.9 448 406 365
0.30 5.025 449 50.0 533 56.6 59.9 633 583 533 48.4 34 / \ ——Series1
035 5.863 47.0 58.9 63.7 66.4 69.1 719 74.6 68.2 61.8 55.4 150 o Series2
0.40 6.700 55.2 68.9 82.6 87.4 89.7 92.0 94.3 9.5 87.4 783 \ )
0.45 7.538 69.7 86.6 103.6 120.5 125.5 127.0 128.6 130.1 131.7 117.8 z T Series3
0.50 8375 91.1 112.8 134.5 156.3 178.0 182.8 182.8 182.8 182.8 182.8 £ 100 ——Seriesd
0.55 9.213 593 731 87.0 100.8 114.7 1286 1305 1289 1274 12538 b1 / \ ——Seriess
0.60 10.050 39.7 489 58.0 67.1 763 85.4 9.5 94.8 925 90.2 g \ — eriess
0.65 10.888 28.4 34.8 412 476 54.0 60.4 66.8 732 725 69.8 g 50 )
0.70 11.725 224 27.4 324 37.3 423 473 522 57.2 62.1 60.7 ~Series7
0.75 12.563 19.0 232 27.3 314 35.6 39.7 4338 48.0 52.1 56.3 ——Series8
0.80 13.400 15.5 18.8 221 25.4 28.7 320 353 38.7 42.0 453 0 oo o oh o da o o6 o o s b Seriess
0.85 14.238 131 15.8 185 213 24.0 26.8 295 323 35.0 37.7 | | | | |  ceresto
0.90 15.075 11.0 133 15.6 17.9 202 224 24.7 27.0 293 316
0.95 15.913 7.6 9.1 10.7 12.2 13.7 15.3 16.8 18.4 19.9 214 0 Fraction of Stringer Length, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rg




SHEAR FLOW SLIP RESISTANCE

AASHTO LRFD Design Values
R =R,
Ry = KnK.NPy

¢.= 0.80
P= 28 kips AASHTO LRFD Table 6.13.2.8-1 (3/4" ASTM A325 Bolt)
Kn= 085 AASHTO LRFD Table 6.13.2.8-2 (Std. Oversize Holes)
K= 0.50 AASHTO LRFD Table 6.13.2.8-3 (Class 'B' Surface Condition)
N, = 1
R = 11.9 kips/bolt PITCH, p SHEAR FLOW RESISTANCE, ¢g,
PR, = 9.52 kips/bolt (in) (kips/in)
Ny = 2
2.25 8.46
45 423
2.0 212
135 141
18.0 1.06
HL-93 TANDEM HL-93 TRUCK
LOCATION ~ LOCATION ~ ABSOLUTE ENVELOPE ABSOLUTE ENVELOPE ABSOLUTE ENVELOPE RESISTANCE
(ft) SHEAR FLOW, Y, SHEARFLOW,Y,q,  SHEAR FLOW, Y,qy PITCH SHEAR FLOW, Yy,q,,
(kips/in) (kips/in) (kips/in) (in) (kips/in)
Re
0.00 0.000 140 117 140 9.00 212
0.05 0.838 260 210 260 4550 423 Deck to Stringer Connection
0.10 1675 261 203 261 4550 423 .
0.15 2513 221 171 221 4550 423 Live Load Shear Flow Envelope
0.20 3.350 184 143 184 9.00 212 HL-93 Loading (Total)
025 4.188 168 132 168 9.00 212 90
030 5.025 113 0.89 113 9.00 212 85
035 5.863 152 155 155 9.00 212 80
0.40 6.700 320 299 320 4550 423 70
045 7.538 6.59 5.50 6.59 225 8.46 %
0.50 8375 0.00 0.00 0.00 225 8.46 £55
055 9213 6.59 550 6.59 225 8.46 332 ~——ENVELOPE
0.60 10.050 320 299 320 4550 423 2 40 ——TRUCK
0.65 10.888 152 1.55 1.55 9.00 212 ::3 33 TANDEM
0.70 11.725 113 0.89 113 9.00 212 @28 L ResISTANGE
075 12563 168 132 168 9.00 212 /A=~ / \/_/_\
0.80 13.400 184 143 184 9.00 212 10 N7
0.85 14.238 221 171 221 4550 423 00 ¥
0.90 15.075 261 203 261 4550 423 00 01 02 03 04 05 06 07 08 09 10
095 15.913 260 210 260 4550 423 Fraction of Stringer Length, L
1.00 16.750 1.40 117 1.40 9.00 212

Rg



FLORIDA DEPARTMENT OF TRANSPORTATION - BASCULE BRIDGE LIGHTWEIGHT SOLID DECK RETROFIT RESEARCH PROJECT

5-INCH ALUMINUM ORTHOTROPIC DECK-STRINGER CONNECTION
AASHTO LRFD HL-93 TRUCK LOADING - INTERIOR STRINGER

COMPUTE LIVE LOAD SHEAR FLOW THRU DECK CONNECTION FASTENERS AT SERVICE Il LIMIT STATE

AASHTO LRFD DESIGN LIVE LOADS, LL:

Design Truck:
Lane Load:

Dynamic Load Allowance, IM:
Load Factor, Y

Distribution Factor (1):
Multi-presence Factor, m :
Distribution Factor (1):
Multi-presence Factor, m :

AASHTO LRFD DISTRIBUTION FACTOR:

Lever Rule =
DF = 0.600
DF = 0.500
Use DF = 0.600

AXLE 1

(kips)
32.0

0.33
1.30

0.500
1.20

0.500
1.00

SPACING AXLE 2 SPACING AXLE 3
(ft) (kips) (ft) (kips)
14.00 320 14.00 8.0

Service Il Limit State

Single Lane
Single Lane
Two Lanes
Two Lanes

Table 4.6.2.2.3a-1 (Concrete Deck on Steel Beams)
Lever Rule - Single Lane (NOTE: § < 6.0' Wheel Line Spacing)
Lever Rule - Two Lanes (NOTE: S > 4.0' Wheel Line Spacing)

Controlling DF

NOTES:
(1) Distribution Factor per Lever Rule

(2) Number of Stringers (3) asssumes that the deck is typically configured in independent units approximately equal to the lane widths with longitudinal

expansion joints along the lane lines.

(3) Interior stringer controls over exterior stringer for shear connector design.

BRIDGE CONFIGURATION
Stringer Span Length, L=
Deck Cantilever Length, C=
Stringer Spacing, S =
Deck Slab Thickness, t, =
Number of Stringers, N, (2) =
Stringer Size:
Stringer Inertia, |, =
Stringer Area, A =
Stringer Depth, d =
Steel Modulus of Elasticity, Eqee =
Alum. Deck Top Plate Unit Area =
Alum. Deck Top Plate Unit Inertia =
Alum. Deck Bott. Plate Unit Area =
Alum. Deck Bott. Plate Unit Inertia =
Alum. Modulus of Elasticity, Ejm =
Alum. Deck Max. Effective Width, b,:
Alum. Deck Top PI. Transformed Area, A':
Alum. Deck Top PI. Transformed Inertia, I',:
Alum. Deck Bott. PI. Transformed Area, A":
Alum. Deck Bott. PI. Transformed Inertia, I';:

16.75 ft
0.63 ft
6.00 ft

5in

3

W 16x50
659 in
14.7 in

16.26 in

29000 ksi
4.84in* per ft

0.066 in" per ft
5.02 in* per ft

0.073 in" per ft

10100 ksi
6.00 ft

10.12 in’
0.14in"

10.49 in’
0.15in"

4
2

Alum. Deck Top Plate Average Thickness = 0.4036 in
Alum. Deck Top Plate Min.Thickness = 0.25in
Alum. Deck Bott. Plate Average Thickness = 0.4184 in
Alum. Deck Bott. Plate Min.Thickness = 0.375in



Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
FULL COMPOSITE SECTION PROPERTIES - AT 0.00 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®
1*=3Ad%+3, = 659.0 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.05 L % Bott. Plate Effective = 27.92% % Top Plate Effective = 7.79% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.79 21.06 16.6 11.05 96.3 0.0 1.6750 0.2792 0.2792 0.0779
Transformed Deck Bott. Plate 2.93 16.47 48.2 6.46 122.2 0.0 1.6750 0.2792 1.0000 0.2792
Stringer 14.7 8.13 119.5 1.88 51.9 659.0
SUM 18.42 10.01 184.36 270.4 659.1
Sdecktop = 841
IA* = 3.72in’ Sgeckbott = 143.9
Q* = 3A*y* = 27.63 in®
1*=3Ad%+3, = 9295 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.10 L % Bott. Plate Effective = 55.83% % Top Plate Effective = 31.17% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 3.15 21.06 66.4 9.15 264.0 0.0 3.3500 0.5583 0.5583 0.3117
Transformed Deck Bott. Plate 5.86 16.47 96.5 4.56 121.8 0.1 3.3500 0.5583 1.0000 0.5583
Stringer 14.7 8.13 119.5 3.78 210.1 659.0
SUM 23.71 1191 282.42 595.8 659.1
Sdecktop = 137.2
IA* = 9.01in’ Sgeckbott = 275.3
Q* = 3A*y* = 55.57 in®
1*=3Ad%+3, = 1255.0 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.15 L % Bott. Plate Effective = 83.75% % Top Plate Effective = 70.14% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 7.10 21.06 149.5 7.53 402.7 0.1 5.0250 0.8375 0.8375 0.7014
Transformed Deck Bott. Plate 8.79 16.47 144.7 2.94 76.1 0.1 5.0250 0.8375 1.0000 0.8375
Stringer 14.7 8.13 119.5 5.40 428.1 659.0
SUM 30.59 13.53 413.71 906.9 659.2
Sdecktop = 207.9
IA* = 15.89 in’ Sgeckbott = 532.2
Q* = 3A*y* = 79.33 in®
1*=3Ad%+3, = 1566.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.20 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = SA*y* = 90.89 in®
1*=3Ad%+3l, = 1730.5 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.25 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = SA*y* = 90.89 in®
1*=3Ad%+31, = 1730.5 in*



Effective Slab Width

Fraction of Full

Fraction of Deck Total Fraction of

FULL COMPOSITE SECTION PROPERTIES - AT 0.30 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = 3A*y* = 90.89 in®
1*=3Ad%+3, = 1730.5 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.35 L % Bott. Plate Effective = 83.75% % Top Plate Effective = 70.14% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 7.10 21.06 149.5 7.53 402.7 0.1 5.0250 0.8375 0.8375 0.7014
Transformed Deck Bott. Plate 8.79 16.47 144.7 2.94 76.1 0.1 5.0250 0.8375 1.0000 0.8375
Stringer 14.7 8.13 119.5 5.40 428.1 659.0
SUM 30.59 13.53 413.71 906.9 659.2
Sdecktop = 207.9
IA* = 15.89 in’ Sgeckbott = 532.2
Q* = 3A*y* = 79.33 in®
1*=3Ad%+3, = 1566.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.40 L % Bott. Plate Effective = 55.83% % Top Plate Effective = 31.17% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 3.15 21.06 66.4 9.15 264.0 0.0 3.3500 0.5583 0.5583 0.3117
Transformed Deck Bott. Plate 5.86 16.47 96.5 4.56 121.8 0.1 3.3500 0.5583 1.0000 0.5583
Stringer 14.7 8.13 119.5 3.78 210.1 659.0
SUM 23.71 1191 282.42 595.8 659.1
Sdecktop = 137.2
IA* = 9.01in’ Sgeckbott = 275.3
Q* = 3A*y* = 55.57 in®
1*=3Ad%+3, = 1255.0 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.45 L % Bott. Plate Effective = 27.92% % Top Plate Effective = 7.79% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.79 21.06 16.6 11.05 96.3 0.0 1.6750 0.2792 0.2792 0.0779
Transformed Deck Bott. Plate 2.93 16.47 48.2 6.46 122.2 0.0 1.6750 0.2792 1.0000 0.2792
Stringer 14.7 8.13 119.5 1.88 51.9 659.0
SUM 18.42 10.01 184.36 270.4 659.1
Sdecktop = 841
IA* = 3.72in’ Sgeckbott = 143.9
Q* = 3A*y* = 27.63 in®
1*=3Ad%+3, = 9295 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.50 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®

1*=3Ad%+3l, = 659.0 in"



Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
FULL COMPOSITE SECTION PROPERTIES - AT 0.55 L % Bott. Plate Effective = 27.92% % Top Plate Effective = 7.79% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.79 21.06 16.6 11.05 96.3 0.0 1.6750 0.2792 0.2792 0.0779
Transformed Deck Bott. Plate 2.93 16.47 48.2 6.46 122.2 0.0 1.6750 0.2792 1.0000 0.2792
Stringer 14.7 8.13 119.5 1.88 51.9 659.0
SUM 18.42 10.01 184.36 270.4 659.1
Sdecktop = 841
IA* = 3.72in’ Sgeckbott = 143.9
Q* = 3A*y* = 27.63 in®
1*=3Ad%+3, = 9295 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.60 L % Bott. Plate Effective = 55.83% % Top Plate Effective = 31.17% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 3.15 21.06 66.4 9.15 264.0 0.0 3.3500 0.5583 0.5583 0.3117
Transformed Deck Bott. Plate 5.86 16.47 96.5 4.56 121.8 0.1 3.3500 0.5583 1.0000 0.5583
Stringer 14.7 8.13 119.5 3.78 210.1 659.0
SUM 23.71 1191 282.42 595.8 659.1
Sdecktop = 137.2
IA* = 9.01in’ Sgeckbott = 275.3
Q* = 3A*y* = 55.57 in®
1*=3Ad%+3, = 1255.0 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.65 L % Bott. Plate Effective = 83.75% % Top Plate Effective = 70.14% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 7.10 21.06 149.5 7.53 402.7 0.1 5.0250 0.8375 0.8375 0.7014
Transformed Deck Bott. Plate 8.79 16.47 144.7 2.94 76.1 0.1 5.0250 0.8375 1.0000 0.8375
Stringer 14.7 8.13 119.5 5.40 428.1 659.0
SUM 30.59 13.53 413.71 906.9 659.2
Sdecktop = 207.9
IA* = 15.89 in’ Sgeckbott = 532.2
Q* = 3A*y* = 79.33 in®
1*=3Ad%+3, = 1566.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.70 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = 3A*y* = 90.89 in®
1*=3Ad%+3, = 1730.5 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.75 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = SA*y* = 90.89 in®
1*=3Ad%+3l, = 1730.5 in*



Effective Slab Width

Fraction of Full

Fraction of Deck Total Fraction of

PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.80 L % Bott. Plate Effective = 100.00% % Top Plate Effective = 100.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 10.12 21.06 2131 6.75 460.5 0.1 6.0000 1.0000 1.0000 1.0000
Transformed Deck Bott. Plate 10.49 16.47 172.8 2.16 48.8 0.2 6.0000 1.0000 1.0000 1.0000
Stringer 14.7 8.13 119.5 6.18 562.0 659.0
SUM 35.31 14.31 505.42 1071.2 659.3
Sdecktop = 256.6
IA* = 2061 in’ Sgeckbott = 802.5
Q* = 3A*y* = 90.89 in®
1*=3Ad%+3, = 1730.5 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
FULL COMPOSITE SECTION PROPERTIES - AT 0.85 L % Bott. Plate Effective = 83.75% % Top Plate Effective = 70.14% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 7.10 21.06 149.5 7.53 402.7 0.1 5.0250 0.8375 0.8375 0.7014
Transformed Deck Bott. Plate 8.79 16.47 144.7 2.94 76.1 0.1 5.0250 0.8375 1.0000 0.8375
Stringer 14.7 8.13 119.5 5.40 428.1 659.0
SUM 30.59 13.53 413.71 906.9 659.2
Sdecktop = 207.9
IA* = 15.89 in’ Sgeckbott = 532.2
Q* = 3A*y* = 79.33 in®
1*=3Ad%+3, = 1566.1 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.90 L % Bott. Plate Effective = 55.83% % Top Plate Effective = 31.17% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 3.15 21.06 66.4 9.15 264.0 0.0 3.3500 0.5583 0.5583 0.3117
Transformed Deck Bott. Plate 5.86 16.47 96.5 4.56 121.8 0.1 3.3500 0.5583 1.0000 0.5583
Stringer 14.7 8.13 119.5 3.78 210.1 659.0
SUM 23.71 1191 282.42 595.8 659.1
Sdecktop = 137.2
IA* = 9.01in’ Sgeckbott = 275.3
Q* = 3A*y* = 55.57 in®
1*=3Ad%+3, = 1255.0 in*
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 0.95 L % Bott. Plate Effective = 27.92% % Top Plate Effective = 7.79% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.79 21.06 16.6 11.05 96.3 0.0 1.6750 0.2792 0.2792 0.0779
Transformed Deck Bott. Plate 2.93 16.47 48.2 6.46 122.2 0.0 1.6750 0.2792 1.0000 0.2792
Stringer 14.7 8.13 119.5 1.88 51.9 659.0
SUM 18.42 10.01 184.36 270.4 659.1
Sdecktop = 841
IA* = 3.72in’ Sgeckbott = 143.9
Q* = 3A*y* = 27.63 in®
1*=3Ad%+3, = 9295 in"
Effective Slab Width Fraction of Full Fraction of Deck Total Fraction of
PARTIAL COMPOSITE SECTION PROPERTIES - AT 1.00 L % Bott. Plate Effective = 0.00% % Top Plate Effective = 0.00% with Shear Lag Effective Slab Width Plate Effective Deck Plate Effective
ELEMENT A y Ay d Ad |c b', due to Truss Action
Transformed Deck Top Plate 0.00 21.06 0.0 12.93 0.0 0.0 0.0000 0.0000 0.0000 0.0000
Transformed Deck Bott. Plate 0.00 16.47 0.0 8.34 0.0 0.0 0.0000 0.0000 1.0000 0.0000
Stringer 14.7 8.13 119.5 0.00 0.0 659.0
SUM 14.70 8.13 119.51 0.0 659.0
Sdecktop = 0.0
A% = 0.00 in’ Steck bott = 00
Q* = 3A*y* = 0.00 in®

1*=3Ad%+3l, = 659.0 in"



LIVE LOAD SHEAR, Y,,Vy,

LANE LOADING COMPONENT

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 12t 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 13t 0.25 AXLE 1 at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 12t 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, YV, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi,
() (kips) (kips) (kips) (iips) (kips) (kips) (kips) (kips) (kips) (kips)
Ra 42 42 42 42 42 42 42 42 42 42
0.00 0.000 22 22 22 22 22 22 42 22 22 22 .
0.05 0838 38 38 38 38 38 38 38 38 38 38 Live Load Shear
0.10 1675 33 33 33 33 33 33 33 33 33 33 HL-93 Loading (Lane Component)
0.15 2513 29 29 29 29 29 29 29 29 29 29
020 3350 25 25 25 25 25 25 25 25 25 25 5 ‘
025 4.188 21 21 21 21 21 21 21 21 21 21 4 - ‘ o Seriest
030 5.025 17 17 17 17 17 17 17 17 17 17 )
035 5.863 13 13 13 13 13 13 13 13 13 13 T Series2
0.40 6.700 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 2 —Series3
045 7.538 04 04 04 04 04 04 04 04 04 04 71 ——Seriest
0.50 8375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 £, — eriess
055 9213 04 04 04 04 04 04 04 04 04 04 5 )
0.60 10.050 038 0.8 038 0.8 038 0.8 -0.8 0.8 038 0.8 &1 —Seriesé
0.65 10.888 13 13 13 13 13 13 13 13 13 13 2 —Series7
0.70 11.725 17 17 17 17 17 17 17 17 17 17 5 ——Series8
075 12563 21 21 21 21 21 21 21 21 21 21 serieso
0.80 13.400 25 25 25 25 25 25 25 25 25 25 4 <
0.85 14.238 2.9 29 2.9 29 2.9 29 2.9 29 2.9 29 5 ———Series10
0.90 15.075 33 33 33 33 33 33 33 33 33 33 00 01 02 03 04 05 06 07 08 09 10 Series11
095 15.913 3.8 338 3.8 338 3.8 338 3.8 338 3.8 3.8 Fraction of Stringer Length, L
1.00 16.750 42 42 42 42 42 42 42 42 42 42
Re 22 22 22 22 42 22 22 22 42 22
LIVE LOAD SHEAR, YV,
TRUCK LOADING COMPONENT
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 12t 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 12t 0.25 AXLE 1 at 0.30 AXLE 12t 0.35 AXLE 1 at 0.40 AXLE 12t 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION SHEAR, Y, Vy, SHEAR, Y.V, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y.V, SHEAR, Y, Vy, SHEAR, Y, Vi, SHEAR, Y, Vy, SHEAR, Y, Vi,
() (kips) (kips) (kips) (iips) (kips) (kips) (kips) (kips) (kips) (kips)
Ra 35.3 320 28.7 26.6 24.9 23.2 216 199 183 166
0.00 0.000 353 320 287 266 249 232 216 199 183 166
0.05 0838 21 320 287 266 2.9 232 216 19.9 183 16.6 Live Load Shear
0.10 1675 21 12 287 266 2.9 232 216 199 183 166 HL-93 Loading (Truck Component)
0.15 2513 21 12 45 266 2.9 232 216 199 183 166
020 3350 21 12 45 66 2.9 232 216 199 183 166 40 I
025 4.188 21 12 45 66 -83 232 216 199 183 166 ;g
030 5.025 21 12 45 66 -83 -10.0 216 199 183 166 pst % ——Series2
035 5.863 21 12 -45 66 -83 -10.0 116 199 183 166 2 — o Series3
0.40 6.700 21 12 45 66 83 -10.0 116 133 183 166 15 VA SABA WA X i
045 7.538 21 12 -45 66 -83 -10.0 116 133 -14.9 166 g | A S VA W !
0.50 8375 21 12 45 66 83 -10.0 116 133 14,9 166 ) g » = - L { ——Series5
055 9213 21 12 45 66 83 100 116 133 149 166 5 Y w- ——Series6
0.60 10.050 21 12 45 66 83 -10.0 116 133 149 166 5 10 == e ...
0.65 10.888 21 12 -45 66 -83 -10.0 116 133 -14.9 -16.6 15 )
0.70 11.725 21 1.2 -45 6.6 83 -10.0 -11.6 -13.3 -14.9 -16.6 -20 \ \ ~ Seriess
075 12.563 21 12 -45 66 -83 -10.0 116 133 -14.9 -16.6 ;g 1\ Seriesd
0.80 13.400 21 12 45 66 83 -10.0 116 133 -14.9 -16.6 35 T ——Seriesto
0.85 14.238 21 12 -45 66 -83 -10.0 116 133 -14.9 -16.6 20 seriest
0.90 15.075 311 12 45 66 -83 -10.0 116 133 -14.9 -16.6 00 01 02 03 04 05 06 07 08 08 10
095 15.913 311 344 45 66 83 -10.0 116 133 -14.9 -16.6 Fraction of Stringer Length, L
1.00 16.750 311 -34.4 37.7 6.6 -83 -10.0 116 -13.3 -14.9 -16.6
Re 311 344 37.7 66 83 100 116 133 149 166




LIVE LOAD SHEAR, Y,,Vy,
TOTAL LOADING

ABSOLUTE ENVELOPE NEGATIVE ENVELOPE  POSITIVE ENVELOPE LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
SHEAR, Y,V SHEAR, Y,V SHEAR, Y,V AXLE 1at 0.05 AXLE 13t 0.10 AXLE 1at0.15 AXLE 13t 0.20 AXLE 1at0.25 AXLE 13t 0.30 AXLE 12t 0.35 AXLE 13t 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION  LOCATION SHEAR, Y, Vi, SHEAR, Y,V SHEAR, Y.V, SHEAR, Y,V SHEAR, Y, Vi, SHEAR, Y,V SHEAR, Y, Vi, SHEAR, Y,V SHEAR, Y.V, SHEAR, Y,V
(ft) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips)
Ra 419 10.8 419 39.5 36.2 32.9 30.7 29.1 27.4 25.8 24.1 224 20.8
0.00 0.000 219 -41.9 395 395 36.2 329 30.7 29.1 274 2538 241 224 20.8
0.05 0.838 381 381 35.8 5.9 35.8 325 303 287 27.0 253 237 22,0 204 Live Load Shear
0.10 1675 34.4 34.4 320 55 22 320 29.9 282 26.6 249 233 216 199 HL-93 Loading (Total)
0.15 2513 295 -19.5 295 5.1 17 16 295 27.8 26.2 245 228 212 195
0.20 3.350 27.4 -19.1 27.4 46 13 2.0 4.1 274 25.7 241 224 208 19.1
0.25 4.188 253 187 253 4.2 0.9 2.4 45 6.2 253 237 220 203 18.7 ——ENVELOPE
030 5.025 233 -18.3 233 38 05 2.8 5.0 6.6 83 233 216 19.9 183 ——Series2
035 5.863 212 -17.9 212 34 0.1 33 5.4 7.0 87 -10.4 212 195 179 =====- [ i ——Series3
0.40 6.700 19.1 -17.4 19.1 3.0 0.4 37 5.8 75 9.1 -10.8 124 19.1 17.4
045 7538 17.0 -17.0 17.0 25 0.8 41 6.2 79 95 112 129 145 17.0 71 A\ \ \ \ \ \ \ I I Tseriest
0.50 8.375 16.6 -166 16.6 21 12 45 6.6 83 -100 -116 133 -14.9 -166 = 0 \ L - —Series5
055 9.213 17.0 -17.0 17.0 17 16 4.9 71 87 104 120 137 154 -17.0 53 i ; ——Seriess
0.60 10.050 19.1 -17.4 19.1 13 2.0 53 75 9.1 -108 125 -14.1 -15.8 -17.4 & s —Series7
0.65 10.888 212 -17.9 212 09 24 5.8 79 9.6 112 -12.9 -145 -162 -17.9 20 — )
0.70 11.725 233 -18.3 233 0.5 2.9 6.2 8.3 -10.0 -11.6 -133 -15.0 -16.6 -18.3 :gg I I I I I —Series8
0.75 12.563 253 -18.7 253 0.0 33 6.6 87 -10.4 -120 137 154 -17.0 -18.7 35 I I I I ﬁ ~——Series9
0.80 13.400 27.4 -19.1 27.4 04 37 7.0 9.1 -10.8 -125 -14.1 158 -17.4 -19.1 il i i i i i —Series10
0.85 14.238 295 -19.5 295 0.8 4.1 74 9.6 112 129 -145 -16.2 -17.9 -19.5 50 —seriestt
0.90 15.075 344 34.4 320 -34.4 4.5 7.9 -10.0 -116 133 -15.0 -166 -183 -19.9 00 01 02 03 04 05 06 07 08 09 10
0.95 15.913 38.1 -38.1 35.8 -34.8 -38.1 83 -10.4 -12.1 -13.7 -15.4 -17.0 -18.7 -20.4 Fraction of Stringer Length, L ENVELOPE
1.00 16.750 419 419 39.5 352 386 -41.9 -108 -125 -14.1 -15.8 -17.5 -19.1 208

Rs 419 10.8 419 35.2 38.6 41.9 10.8 125 141 15.8 175 19.1 20.8



LIVE LOAD MOMENT, Y,My,
LANE LOADING COMPONENT

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION ~ LOCATION MOMENT, Y,M, ~ MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M;,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT, Y M,
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 33 33 33 33 33 33 33 33 33 33 Live Load Moment
0.10 1675 63 63 63 63 63 63 63 63 63 63 HL-93 Loading (Lane Component)
0.15 2513 89 89 89 89 89 89 89 89 89 89
0.20 3.350 112 112 11.2 112 11.2 112 112 112 11.2 112 20
025 4.188 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 18 seriest
030 5.025 14.7 147 14.7 147 14.7 147 14.7 147 14.7 147 1 )
0.35 5.863 159 15.9 159 15.9 159 15.9 159 15.9 159 15.9 ~Series2
0.40 6.700 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 _ 14 i
045 7.538 17.3 173 17.3 173 17.3 173 17.3 173 17.3 173 i o Seriesa
0.50 8.375 175 175 175 175 175 175 175 175 175 175 <
055 9.213 173 173 173 173 173 173 173 173 173 173 g0
0.60 10.050 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 58
065 10.888 15.9 15.9 15.9 15.9 15.9 15.9 15.9 15.9 15.9 15.9 z Series7
0.70 11.725 14.7 147 14.7 147 14.7 147 14.7 147 14.7 147 Wl | seriess
075 12.563 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 )
0.80 13.400 112 112 11.2 112 11.2 112 112 112 112 112 2 N Series9
0.85 14.238 89 89 89 89 89 89 89 89 89 89 0 ~———Series10
0.90 15.075 63 63 63 63 63 63 63 63 63 63 00 01 02 03 04 05 06 07 08 09 10 Series11
095 15.913 33 33 33 33 33 33 33 33 33 33 Fraction of Stringer Legnth, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rg
LIVE LOAD MOMENT, Y,My,
TRUCK LOADING COMPONENT
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE 1 at 0.05 AXLE 13t 0.10 AXLE 1at 0.15 AXLE 13t 0.20 AXLE 1at 0.25 AXLE 13t 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 13t 0.50
LOCATION  LOCATION MOMENT, Y,M, ~ MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M;,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y,M,  MOMENT,Y M,
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 296 268 2.0 222 209 195 181 167 153 139 Live Load Moment
0.10 1675 314 53.6 481 445 417 389 36.1 334 30.6 27.8 HL-93 Loading (Truck Component)
0.15 2513 332 526 721 66.7 62.6 58.4 54.2 50.0 45.9 417
0.20 3.350 349 51.6 68.3 89.0 834 77.8 72.3 66.7 61.2 55.6 160
025 4.188 36.7 50.6 64.5 83.4 1043 97.3 90.4 83.4 76.5 69.5 10 ‘ "
030 5.025 385 296 60.8 77.8 97.3 116.8 108.4 100.1 91.7 83.4 )
0.35 5.863 403 486 57.0 723 90.4 108.4 1265 116.8 107.0 97.3 120 —Series2
0.40 6.700 421 476 53.2 66.7 83.4 100.1 116.8 1335 1223 1112 _ ——Series3
045 7.538 43.9 46.6 49.4 61.2 76.5 91.7 107.0 1223 137.6 1251 £ 100 A~ o Seriesa
0.50 8.375 456 256 456 55.6 69.5 834 973 1112 125.1 139.0 < . \ \  seriess
055 9.213 474 246 419 50.0 626 751 87.6 100.1 1126 1251 H
0.60 10.050 49.2 237 38.1 445 55.6 66.7 77.8 89.0 100.1 1112 5 e X\ —Series6
065 10.888 51.0 227 343 389 48.7 58.4 68.1 77.8 87.6 97.3 = é \ Series7
0.70 11.725 528 417 305 334 417 50.0 58.4 66.7 751 83.4 40 — e Seriess
075 12.563 54.6 407 26.8 27.8 34.8 417 48.7 55.6 62.6 69.5 I TN serioss
0.80 13.400 56.4 39.7 23.0 222 27.8 334 38.9 445 50.0 55.6
0.85 14.238 58.1 38.7 19.2 16.7 209 25.0 29.2 334 375 417 0 ——Series10
0.90 15.075 52.0 37.7 15.4 111 13.9 16.7 195 222 25.0 27.8 00 01 02 03 04 05 06 07 08 09 10 Series11
095 15.913 26.0 28.8 117 56 7.0 83 9.7 111 125 139 Fraction of Stringer Length, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rs

14.838 15.675 16.513




LIVE LOAD MOMENT, Y,My,
TOTAL LOADING COMPONENT

ABSOLUTE ENVELOPE NEGATIVE ENVELOPE  POSITIVE ENVELOPE LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
MOMENT, Y, M, MOMENT, Y, My, MOMENT, Y, M, AXLE 1at 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1 at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION LOCATION MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M, MOMENT, Y, M,
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 329 8.9 329 329 30.1 27.4 256 242 228 214 20.0 18.6 17.2 Live Load Moment
0.10 1675 59.9 17.4 59.9 37.7 59.9 54.4 50.8 48.0 452 424 39.7 36.9 34.1 HL-93 Loading (Total)
0.15 2513 81.0 256 81.0 421 615 81.0 75.7 715 67.3 63.1 59.0 54.8 50.6
0.20 3.350 100.2 334 100.2 46.1 62.8 795 100.2 94.6 89.1 835 779 724 66.8 180
0.25 4.188 117.4 39.9 117.4 49.9 63.8 77.7 9.5 117.4 110.4 103.5 9.5 89.6 82.6 160 opE
0.30 5.025 1315 452 1315 53.2 64.3 755 92.6 112.0 1315 1231 114.8 106.5 98.1
0.35 5.863 142.4 50.2 142.4 56.2 64.6 72.9 88.2 106.3 124.4 1424 132.7 123.0 1132 140 —Series2
0.40 6.700 150.3 54.9 150.3 58.9 64.4 70.0 835 100.2 116.9 1336 150.3 139.1 128.0 = 120 ——Series3
0.45 7.538 155.0 59.2 155.0 612 64.0 66.8 785 93.8 109.1 124.4 139.7 155.0 142.4 £ ——Seriesd
0.50 8375 156.5 632 156.5 632 632 632 73.1 87.0 100.9 114.8 128.7 142.6 156.5 £ 100 —ceriess
0.55 9.213 155.0 59.2 155.0 64.8 62.0 59.2 67.4 79.9 92.4 104.9 117.4 129.9 1424 % 0
0.60 10.050 150.3 54.9 150.3 66.0 60.5 54.9 613 724 835 94.7 105.8 116.9 128.0 5 —Series6
0.65 10.888 142.4 50.2 142.4 66.9 58.6 50.2 54.9 64.6 743 84.0 93.8 103.5 113.2 2 60 N ——Series7
0.70 11.725 1315 452 1315 67.5 56.4 452 48.1 56.4 64.8 73.1 81.4 89.8 98.1 20 —seriess
0.75 12.563 117.4 39.9 117.4 67.7 53.8 39.9 409 479 54.8 61.8 68.7 75.7 82.6 )
0.80 13.400 100.2 334 100.2 67.6 50.9 342 334 39.0 446 50.1 55.7 612 66.8 20 Seriesd
0.85 14.238 81.0 256 81.0 67.1 476 28.1 256 29.8 34.0 38.1 423 465 50.6 0 ~———Series10
0.90 15.075 59.9 17.4 59.9 583 44.0 217 17.4 202 23.0 25.8 285 313 34.1 00 01 02 03 04 05 06 07 08 09 10 Series1l
0.95 15.913 329 8.9 329 293 321 15.0 8.9 103 11.7 131 14.4 15.8 17.2 Fraction of Stringer Length, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rg



LIVE LOAD DECK TOP PLATE STRESS, Y0,

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE 1at 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION Sat center deck top plate AVG STRESS, Y0,  AVG STRESS,Y,0;,  AVGSTRESS,Y,o,  AVGSTRESS,Y,0,  AVGSTRESS,Y 0, AVGSTRESS,Y,0, AVGSTRESS,Y 0, AVGSTRESS,Y,0, AVGSTRESS, Y o,  AVGSTRESS,Y 0,  AVG STRESS,Y, 0,
(ft) (in’) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 84.1 16 16 15 14 13 12 11 11 10 09 09 Section Properties, S,
0.10 1675 137.2 18 11 18 17 15 15 14 13 12 11 10
0.15 2513 207.9 16 0.8 12 16 15 14 14 13 12 11 10
0.20 3.350 256.6 16 0.8 1.0 13 16 15 15 14 13 1.2 11 1200
0.25 4.188 256.6 19 0.8 10 13 16 19 18 17 16 15 13
030 5.025 256.6 2.1 0.9 10 12 15 18 2.1 2.0 19 17 16 1000
035 5.863 207.9 29 11 13 15 18 21 25 29 27 25 23 T
0.40 6.700 137.2 46 18 2.0 21 25 31 36 41 4.6 4.2 39 < 800
0.45 7.538 84.1 7.7 3.0 3.2 33 3.9 4.7 5.4 6.2 6.9 7.7 7.1 ':.
0.50 8375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 o
0.55 9.213 84.1 7.7 32 3.1 29 33 4.0 46 5.2 538 65 7.1 3 —Sxct
0.60 10.050 137.2 4.6 2.0 18 17 19 22 25 29 32 36 39 H b
0.65 10.888 207.9 29 13 12 1.0 11 13 15 17 19 21 23 § 400
0.70 11.725 256.6 2.1 11 09 07 08 09 11 12 13 15 16 &
0.75 12.563 256.6 19 11 09 06 07 08 09 10 11 12 13 200
0.80 13.400 256.6 16 11 0.8 0.6 05 0.6 0.7 0.8 0.9 1.0 11 \ /
0.85 14.238 207.9 16 13 10 0.6 05 0.6 0.7 0.8 0.9 0.9 10 0
0.90 15.075 137.2 18 1.8 13 0.7 05 0.6 0.7 0.8 0.9 1.0 10 00 01 02 03 04 05 06 07 08 09 10
0.95 15.913 84.1 16 15 16 0.7 0.4 0.5 0.6 0.6 0.7 0.8 0.9 Fraction of Stringer Legnth, L
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rs
LIVE LOAD DECK BOTTOM PLATE STRESS, Y,,0,
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE 1at 0.05 AXLE 1 at 0.10 AXLE 1at0.15 AXLE 1at 0.20 AXLE 1at0.25 AXLE 1at 0.30 AXLE 1at0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION Sat center deck bott plate AVG STRESS, Y0,  AVG STRESS,Y,0;,  AVGSTRESS,Y,o,  AVGSTRESS,Y,0,  AVGSTRESS,Y 0, AVGSTRESS,Y,0,  AVGSTRESS,Y 0, AVGSTRESS,Y,0, AVGSTRESS, Y o,  AVGSTRESS,Y 0,  AVG STRESS,Y, 0,
(ft) (in’) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi)
Ra
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.838 143.9 10 1.0 0.9 0.8 0.7 0.7 0.7 0.6 0.6 0.5 05
0.10 1675 275.3 0.9 0.6 0.9 0.8 0.8 0.7 0.7 0.6 0.6 0.6 05
0.15 2513 532.2 0.6 03 05 0.6 0.6 0.6 05 0.5 05 0.4 0.4
0.20 3.350 802.5 05 0.2 03 0.4 05 0.5 05 0.4 0.4 0.4 03
0.25 4.188 802.5 0.6 03 03 0.4 05 0.6 0.6 0.5 05 0.5 0.4
0.30 5.025 802.5 0.7 03 03 0.4 05 0.6 0.7 0.6 0.6 0.6 05
035 5.863 532.2 11 0.4 05 0.6 0.7 0.8 10 11 1.0 1.0 0.9
0.40 6.700 275.3 23 0.9 10 11 13 15 18 2.0 23 21 19
0.45 7.538 143.9 45 1.8 1.9 19 23 2.7 3.2 3.6 4.1 4.5 4.1
0.50 8375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.55 9.213 1439 45 19 18 17 2.0 23 27 3.0 34 38 41
0.60 10.050 275.3 23 1.0 0.9 0.8 0.9 11 13 14 16 1.8 19
0.65 10.888 532.2 11 0.5 05 0.4 0.4 0.5 0.6 0.7 0.7 0.8 0.9
0.70 11.725 802.5 0.7 0.4 03 0.2 03 03 03 0.4 0.4 0.5 05
0.75 12.563 802.5 0.6 0.4 03 0.2 0.2 0.2 03 03 0.4 0.4 0.4
0.80 13.400 802.5 05 0.4 03 0.2 0.2 0.2 0.2 03 03 03 03
0.85 14.238 532.2 0.6 0.5 0.4 0.2 0.2 0.2 03 03 03 0.4 0.4
0.90 15.075 275.3 0.9 0.9 0.7 03 03 03 03 0.4 0.4 0.5 05
0.95 15.913 143.9 10 0.9 0.9 0.4 03 03 03 0.4 0.4 0.5 05
1.00 16.750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rg



LIVE LOAD DECK COMPRESSIVE FORCE, Y,P\| geck

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
ENVELOPE AXLE 1at 0.05 AXLE 1at 0.10 AXLE 12t 0.15 AXLE 1 at 0.20 AXLE 12t 0.25 AXLE 1 at 0.30 AXLE 1at 0.35 AXLE 1 at 0.40 AXLE 1at 0.45 AXLE 1 at 0.50
LOCATION ~ LOCATION Adeck o Adecksort FORCE, Y,,Py, FORCE, Y,Py, FORCE, Y,,Py, FORCE, Y,Py, FORCE, Y,,Py, FORCE, Y,Py, FORCE, Y,,Py, FORCE, Y,,Py, FORCE, Y,,Py, FORCE, Y,Py, FORCE, Y,,Py,
() (in?) (in?) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips)
Ra
0.00 0.000 0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 0.79 293 117 117 108 98 91 86 81 76 71 66 6.1 Deck Live Load Axial (Compression) Force
0.10 1675 3.15 5.86 318 200 318 289 27.0 255 24.0 2256 211 19.6 18.1 .
0.15 2.513 7.10 8.79 49.2 256 37.4 49.2 46.0 434 40.9 384 35.8 333 30.8 HL-93 Loading (Total)
020 3350 1012 10.49 63.1 29.1 396 50.1 63.1 59.6 56.1 52.6 49.1 45.6 421 100
025 4.188 1012 10.49 74.0 314 402 489 60.8 74.0 69.6 65.2 60.8 56.5 52.1 % ”d ENVELOPE
030 5.025 1012 10.49 82.9 335 405 47.6 58.3 70.6 82.9 77.6 724 67.1 61.8 = P )
035 5.863 7.10 8.79 86.6 34.2 39.2 443 53.6 64.6 756 86.6 80.7 74.7 68.8 £ . —Series2
0.40 6.700 3.15 5.86 79.8 313 342 37.2 44.4 53.2 62.1 71.0 79.8 73.9 68.0 g 70 \ ——Series3
045 7.538 0.79 2.93 55.3 218 22.8 2.8 28.0 335 38.9 44.4 49.8 55.3 50.8 2 6 \ o Seriest
0.50 8375 0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 B )
0.55 9.213 0.79 2.93 553 231 221 211 24.0 285 330 374 419 46.4 50.8 8 50— % T Series’
0.60 10.050 3.15 5.86 79.8 35.1 32.1 292 326 385 444 50.3 56.2 62.1 68.0 § 40 —-—\-\ & ——Series6
0.65 10.888 7.10 8.79 86.6 40.7 356 305 333 39.3 452 511 57.0 62.9 68.8 8 10 ———Series?
0.70 11.725 1012 10.49 82.9 425 355 285 303 35.6 408 46.1 513 56.6 61.8 3 ~ N — eriess
0.75 12.563 1012 10.49 74.0 4.7 339 25.1 25.8 30.2 346 389 433 47.7 52.1 ER S R
0.80 13.400 1012 10.49 63.1 426 32.1 216 211 2.6 28.1 316 35.1 386 421 10 ‘ Seriesd
0.85 14.238 7.10 8.79 49.2 40.8 289 17.1 156 18.1 206 232 25.7 282 30.8 0 - ———Series10
0.90 15.075 3.15 5.86 318 310 234 116 93 10.7 122 137 152 16.6 18.1 00 01 02 03 04 05 06 07 08 09 10 seriesi1
0.95 15.913 0.79 293 117 105 115 53 32 37 42 47 5.2 5.7 6.1 Fraction of Stringer Length, L
1.00 16.750 0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rs
LIVE LOAD DECK CONNECTION SHEAR FLOW, Y, deck
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10

NEGATIVE ENVELOPE  POSITIVE ENVELOPE ABSOLUTE ENVELOPE

AXLE 1 at 0.05

AXLE1at0.10

AXLE 1at0.15

AXLE 1at0.20

AXLE 1at0.25

AXLE 1at0.30

AXLE 1at0.35

AXLE 1 at 0.40

AXLE 1 at 0.45

AXLE 1 at 0.50

LOCATION ~ LOCATION ~ SHEARFLOW,Y,qy SHEARFLOW,Y,qy SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,qy SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEARFLOW,Y,q, SHEAR FLOW,Y,qy
(ft) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in) (kips/in)
Re
0.00 0.000 114 117 117 117 .07 097 0.91 086 081 076 0.71 0.66 0.61 . . .
0.05 0838 2.04 210 210 082 210 1.90 178 168 158 1.48 139 1.29 119 Deck to Stringer Connection Live Load Shear Flow
0.10 1675 126 2.03 2.03 055 0.55 2.03 1.89 1.79 1.68 1.57 1.47 1.36 1.26 HL-93 Loading (Total)
015 2.513 113 171 171 035 0.22 0.09 171 161 151 142 1.32 122 113
0.20 3350 -0.99 1.43 1.43 023 0.06 012 -0.23 143 1.34 1.25 117 1.08 0.99
0.25 4188 097 1.32 1.32 021 0.04 -0.14 0.25 034 1.32 123 114 1.06 0.97
030 5.025 0.72 0.89 0.89 0.06 -0.13 032 -0.47 -0.60 0.72 089 0.83 076 0.70 ——Seriesl
035 5.863 -1.55 0.56 155 029 -0.50 071 092 113 134 155 -0.08 -0.08 -0.08 ——Series2
0.40 6.700 -2.99 171 299 094 114 133 -1.63 197 231 -2.65 -2.99 186 171 z  seriess
045 7.538 -5.50 5.06 5.50 217 227 237 -2.79 333 -3.87 -4.41 -4.96 -5.50 -5.06 £ )
0.50 8.375 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3 —Series4
055 9213 550 5.06 5.50 2.30 220 2.10 239 2.84 328 372 217 461 5.06 2 ——Seriess
0.60 10.050 -2.99 171 2.99 119 1.00 0.80 085 099 1.14 1.28 1.42 1.57 171 5 o Seriess
0.65 10.888 -1.55 0.56 1.55 056 035 014 0.08 0.08 0.08 0.08 0.08 0.08 0.08 & )
0.70 11.725 072 0.89 0.89 018 -0.01 -0.20 -030 037 -0.43 -0.50 -0.56 -0.63 -0.70 T series?
075 12.563 097 1.32 1.32 001 -0.16 034 -0.45 -0.53 -0.62 071 -0.80 -0.88 097 - ~——Seriess
0.80 13.400 -0.99 1.43 1.43 001 -0.18 036 -0.47 -0.56 -0.64 073 -0.82 091 -0.99 Series9
085 14238 113 171 171 -0.18 031 -0.44 -0.55 -0.65 -0.74 -0.84 -0.93 -1.03 113 E — eriesio
0.90 15.075 126 2.03 2.03 097 -0.55 -0.55 -0.63 073 -0.84 094 -1.05 115 126 00 01 02 03 04 05 06 07 08 09 10
0.95 15913 -2.04 210 210 -2.04 118 -0.62 -0.61 070 -0.80 -0.90 -1.00 109 119 Fraction of Stringer Length, L
1.00 16.750 114 1.17 1.17 -1.04 114 -0.53 032 036 -0.41 046 -0.51 -0.56 -0.61

Ry




LIVE LOAD DECK MOMENT, Y\ My geci

LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE1at0.05 AXLE1at0.10 AXLE1at0.15 AXLE1at0.20 AXLE1at0.25 AXLE 1at0.30 AXLE1at0.35 AXLE 12t 0.40 AXLE1at0.45 AXLE 12t 0.50
LOCATION  LOCATION Vackon Vaeasbos MOMENT, Y, My gecs MOMENT, Y My, geex MOMENT, Y My gees MOMENT, YuMy geex MOMENT, YMy gees MOMENT, TuMy gecs MOMENT, YuMyy gecs MOMENT, YMy gees MOMENT, YyMy gees MOMENT, Yy My ey
(ft) (in) (in) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Re
0.00 0.000 1293 334 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0
0.05 0838 12.93 8.34 96 88 80 74 7.0 66 62 58 54 5.0 Deck Live Load Moment
0.10 1675 12.93 834 17.9 284 2538 241 238 215 202 188 175 162 .
015 2513 12.93 834 24 356 6.9 1338 414 390 36.6 341 317 293 HL-93 Loading (Total)
020 3350 12.93 834 286 389 9.2 62.0 586 55.1 517 182 a8 214 %
025 4188 12.93 834 309 395 481 508 727 68.4 64.1 508 555 512 . J N
030 5.025 12.93 834 329 398 467 573 69.3 814 76.2 711 65.9 60.7 h@(\\ o Seriest
035 5.863 1293 834 326 374 22 511 615 720 825 76.8 712 65.6 70 N e
0.40 6.700 12.93 834 280 306 332 397 4756 555 63.4 713 66.1 60.8 o !
0.45 7.538 12.93 8.34 17.8 18.6 19.4 22.8 273 317 36.2 40.6 45.1 414 g Series3
0.50 8375 1293 334 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 =50 ——Seriesa
055 9213 1293 334 1838 180 172 196 232 269 305 342 378 114 £ | \ o seriess
0.60 10050 1293 834 313 287 261 201 344 397 449 502 555 60.8 £ \ )
0.65 10.888 1293 834 388 339 201 318 374 43.0 48.7 54.3 59.9 65.6 230 — T Series6
0.70 11725 1293 834 a8 349 280 208 349 201 452 504 55.6 60.7 2% | ——Series7
075 12563 1293 834 419 333 27 253 296 339 382 2.5 6.9 512 ———Seriess
0.80 13.400 1293 834 a8 315 212 207 21 276 310 345 379 214 10 seriess
085 14238 1293 834 388 276 163 148 172 19.7 21 245 269 293 o oo
0.90 15.075 1293 834 277 209 103 83 96 109 122 136 149 162 00 01 02 03 04 05 06 07 08 09 10
095 15913 1293 834 85 93 44 26 30 34 38 42 46 5.0 Fraction of Stringer Length, L
1.00 16750 12.93 834 00 0.0 00 0.0 00 0.0 00 0.0 00 0.0
Rg
LIVE LOAD STRINGER MOMENT, Y My singer
LOAD CASE 1 LOAD CASE 2 LOAD CASE 3 LOAD CASE 4 LOAD CASE 5 LOAD CASE 6 LOAD CASE 7 LOAD CASE 8 LOAD CASE 9 LOAD CASE 10
AXLE1at0.05 AXLE1at0.10 AXLE1at0.15 AXLE1at0.20 AXLE1at0.25 AXLE 1at0.30 AXLE1at0.35 AXLE 12t 0.40 AXLE1at0.45 AXLE 12t 0.50
LOCATION ~ LOCATION MOMENT, Y, My gece MOMENT, YuMy, oy MOMENT, Yy My ey MOMENT, Yy My, see, MOMENT, Yy My, ge,  MOMENT, Y, My, geq. MOMENT, Y, My goce  MOMENT, YuMy gy MOMENT, Y My e, MOMENT, Y My ey
(ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
Re
0.00 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0838 233 214 194 181 171 16.2 152 14.2 132 122 Stringer Live Load Moment
0.10 1675 198 315 285 267 252 2338 23 208 194 17.9 .
015 2513 17.7 259 341 318 30.1 283 266 2438 231 213 HL-93 Loading (Total)
020 3350 176 239 303 382 36.0 339 318 207 276 255 180
025 4188 190 243 296 368 a7 2.1 39.4 368 341 315 150
030 5.025 203 245 287 353 27 50.1 6.9 437 206 374 ——Seriest
035 5.863 237 272 307 371 a7 523 60.0 559 518 477 140 / \ oo
0.40 6.700 309 3358 36.8 439 526 614 70.2 789 73.1 672 120 s
045 7538 434 454 473 55.7 66.5 773 88.2 99.0 109.9 101.0 = / \\
0.50 8375 63.2 632 63.2 731 87.0 1009 1148 1287 1426 1565 £ 100 / \\ ——Seriesd
055 9213 459 139 220 178 56.6 655 744 833 921 101.0 T p ——Seriess
0.60 10050 347 318 288 322 38.0 439 297 556 61.4 672 g /// \  eriess
0.65 10888 282 247 212 231 272 313 35.4 395 4356 47.7 g o0 f/;// \ )
0.70 11725 257 215 172 183 215 247 278 310 342 374 % — Series7
0.75 12563 2538 205 152 156 182 209 235 262 288 315 7 ——Seriess
0.80 13.400 257 19.4 130 127 149 17.0 191 212 233 255 20 Seriess
085 14238 282 200 118 108 125 143 160 17.8 196 213 0 )
0.90 15.075 306 231 114 9.2 106 121 135 150 1655 179 00 01 02 o3 os o5 o6 o7 o8 oo o et
095 15913 208 238 106 63 73 83 93 102 112 122 20 Fraction of Stringer Length, L
1.00 16750 00 0.0 00 0.0 00 0.0 00 0.0 00 0.0

Rg




SHEAR FLOW SLIP RESISTANCE

AASHTO LRFD Design Values
R =R,
R, = KK,NP,

¢, 0.80
P= 28 kips AASHTO LRFD Table 6.13.2.8-1 (3/4" ASTM A325 Bolt)
Kn= 085 AASHTO LRFD Table 6.13.2.8-2 (Std. Oversize Holes)
K= 0.50 AASHTO LRFD Table 6.13.2.8-3 (Class 'B' Surface Condition)
N, = 1
R = 11.9 kips/bolt PITCH, p SHEAR FLOW RESISTANCE, ¢g,
PR, = 9.52 kips/bolt (in) (kips/in)
Ny 2
2.25 8.46
45 423
2.0 212
135 141
18.0 1.06
HL-93 TANDEM HL-93 TRUCK
LOCATION ~ LOCATION ~ ABSOLUTE ENVELOPE ABSOLUTE ENVELOPE ABSOLUTE ENVELOPE RESISTANCE
(ft) SHEAR FLOW, Y, SHEARFLOW,Y,q,  SHEAR FLOW, Y,qy PITCH SHEAR FLOW, Yy,q,,
(kips/in) (kips/in) (kips/in) (in) (kips/in)
Ra
0.00 0.000 140 117 140 9.00 212
0.05 0838 2.60 210 2.60 450 423 Deck to Stringer Connection
0.10 1675 261 203 261 4.50 423 .
0.15 2513 221 171 221 4550 423 Live Load Shear Flow Envelope
0.20 3.350 184 143 184 9.00 212 HL-93 Loading (Total)
025 4.188 168 132 168 9.00 212 90
030 5.025 113 0.89 113 9.00 212 85 I
035 5.863 152 155 155 9.00 212 80
0.40 6.700 320 299 3.20 4.50 423 7.0
045 7.538 6.59 5.50 6.59 225 8.46 %
0.50 8375 0.00 0.00 0.00 225 8.46 £55
055 9213 6.59 550 6.59 225 8.46 332 ~——ENVELOPE
0.60 10.050 320 299 320 4550 423 2 40 RESISTANCE
0.65 10.888 152 1.55 155 9.00 212 535 ——TRUCK
0.70 11.725 113 0.89 113 9.00 212 & 25
075 12563 168 132 168 9.00 212 20 T TANDEM
0.80 13.400 184 143 184 9.00 212 10
0.85 14.238 221 171 221 4550 423 00
0.90 15.075 261 203 261 4.50 423 00 01 02 03 04 05 06 07 08 09 10
095 15.913 260 210 260 4550 423 Fraction of Stringer Length, L
1.00 16.750 1.40 117 1.40 9.00 212

Rg




APPENDIX 3

Test Program Sketches



14'-0" Test Panel Length

8'-3" Test Panel Width

74" =@ Supp. 6'-0" = @ Supp. 6'-0" ¢ Supp.—= 1'-4"
i N
A E ’-“\ A K I K A K A K "q\-
Y F ;% Pt. of Ma)]r Stress & Defl. (Positive Flexure) X 2
0 . . . =+ =
[ gi;g -, o o v\? £ X - o [ — -, = [
3 AL AA AA -
| | | | | |
Lo i O Q O O O | RS L
o LOAD A1-W1 | | © o
A
Lo ra | L~ I
| ‘ | | | & | ‘ |
_—f——f— - — — — = t — - g ——F—Ff7"F"7" 'V —F7—F— - —— — —— + —f—+—— — — —
: ‘ : Degecti’p% Gauge : : © : ‘ :
| | at Panel Bottom ! ! S I |
| ' | | | | ' |
[ ‘ I N | | N | ‘ [
| . | | | -ﬁ | . |
: ‘ : 5 Sp. @ 1'-0" Strain Gauge Spacing (Typ.) ! : : ‘ :
Lo Lo © FSW Joint (Typ.) Lo
| | Stringer Flange | | r-|< 5 P I |
I ‘ | (Below - Typ. \|’ ‘ I S I ‘ |
- L] I —
| | | | | |
| ‘ | | ‘ | I ‘ |
I L I
B Ve’ T o o
| | \eZ ! | irecti - '
| X | Ly | ) | = % ___D-:recnon Primary Stress gy | . |
| | " " | | o~ | |
| ‘ | 10 10 | ‘ | I ‘ |
[ [ o L
I I T I
Lo Lo I
| ‘ [ | ‘ [ ~ | ‘ |
— Nt ———— | — — —maw 2 e [ 25 i e
| i | in | ) | < | i |
| ‘ | A A A | | < | ‘ |
| | O Y = = | 2 | |
X i Y YTy Y Y ™ '
| ‘ I N ?— in = v L \/ V = \7/ L [ . | ‘ |
| | | | —ﬁ | |
| ' | | | | ' |
[ ‘ I [ I . [ ‘ [
I Load Patch (Typ.) | | s o
L | | o
- ]
| | | | | |
| \ [ | [ LEGEND | \ |
Lo K\ = | L~ I
: ‘ : $ ! ! = ﬁ denotes Strain Gauge location on Top & Bott. of Panel : ‘ :
' o] (i | L N = AN d Strain G locati Top of Panel ' o
| ‘ | | | = g enotes Strain Gauge location on Top of Pane | ‘ |
I | 30" | | = I I
[ ' I t I - v denotes Strain Gauge location on Bott. of Panel I : [
| ‘ l ¢ Wheel Line 1 | ‘ l 5| £ | \ |
: i : : i : iT 2 O denotes 1" Dia. Omitted Wearing Surface Improperly Located : ' :
-+ — — — — — — — — — +—|—t+———— - — + ==+ ————
[ I > L
| | | | | | 8 T|__LOAD CASE_| v | DESIGN TRUCK |DESIGN TANDEM] | | |
— =2
| | | | . | E w 2 SERVICE 11 1.30 33.20 25.94 | . |
| [ A | | A T | |
| ‘ | ~ i II i ~ & = g STRENGTH 1 1.75 44.69 34.91 | ‘ |
Lo T S| srrenctH 11 | 1.35 57.46 N/A | |
| | | | | | | |

ory Component) Tests intended to measure System 2 Stresses and Deflections for Positive Flexure.

PARTIAL PLAN - TEST PANEL 'B'

NOTE: 41 Total Strain Gauges Req'd

Direction of Traffic g

——

NOTE: Test Panel 'A' not shown. Test Panel 'A' pre-attached to stringers with Test Panel 'B',

for use in Phase I1I (Field) Testing, but not tested in Phase I.

—
SHEET TITLE:

1. Phase | (Laborat
2. Loading is per AASHTO LRFD HL-93 Design Truck and Design Tandem and includes Dynamic Load Allowance (1.33) and Multi-presence Factor (1.20).
3. For Service and Strength Load Cases, apply Axle 1 for Design Truck and Axles 1 & 2 for Design Tandem with Wheel Loads per Table.
4. Strength Il (FL-120 Permit Truck) is 1.67 x AASHTO LRFD HL-93 Design Truck.
5. For Maximum Positive Flexure, apply Wheel Line 1 only.
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Lk o=

14'-0" Test Panel Length

8'-3" Test Panel Width

74" =@ Supp. 6'-0" = @ Supp. 6'-0" ¢ Supp.—= 1'-4"
e =
A K A K K Ijig%l‘l A K A K A H“\ ;-\
o oA 7 e ~ ~ X o
Pt. of Max. Stress (Negative Flexure) i = T
[ O O Kv - Ay - Ay O*__Ki\._ } S Ay Ay \Yanvi = T
| [ 7 v v | | v v 4 e | |
o LOAD A1-W1 | | LOAD AI-W2 © o
| ! | | | | ' |
| ‘ I ) | > —O ~ | ‘ |
—_———t——— - ———— — — —_—_———————— —+ AD—+—C e i e B
| oo | I > | Cd
| ‘ | | | | ‘ |
| | O | ﬁ% O | |
| ' | | | | ' |
[ ‘ I O [ KT S : | ‘ [
| . | | | ?: | . |
: ‘ : 3 Sp. @ 1'-0" Strain Gauge Spacing (Typ.) ! :3 Sp. @ 1'-0" Strain Gauge Spacing (Typ.) : ‘ :
Lo FSW Joint (Typ.) L ‘© Lo
| | P Stringer Flange | | . hl. | |
[ ‘ I (Below - Typ. \|y ‘ I S I ‘ [
-\ l - . x| _]
| | | | | |
| ‘ | | ‘ | I ‘ |
: ‘ : Direction Primary Stress ya O : @A : - : ‘ :
| [ O | O | |
| ' | | ' | | ' |
| | : 10" 10" | | | 10" 10" | | |
Lo L o L
]
L L SR
[ ‘ I [ ‘ I — ~ | ‘ [
—_— )t —————— — — —_——— s s ———— + ]t — — = — = — — — —— 4t — -y ———— =+ —|— 4+ — — — — —
Lo LOAD A2-W1? o LOAD A2-W2 i = L
| I | I < | |
| ‘ | o o A Fn) A r’—\! /\ ] Fn) A A = | ‘ |
| ' | | &4 | ~ | ' |
\vamvi \vamvi P v v vamvi vamvi i
| - ° v A A B B v v = ]
~
| ' | | | | ' |
| | | | R | |
! | ' Load Patch (Typ.) / ! ! ® ! | !
| | | yp 31_0# | | 3!_0" o | ' |
| | | ¢ Wheel Line 1 | | ¢ Wheel Line 2 | | |
-0 -""""""""""""""""""""" - """F\F""="FF VYW
o | | o
| S | N~ | S
| | O | | | |
| ‘ [ O ! O o
[ : I [ : I - | : [
Co Col LEGEND S
[
: ! : : ! : @ denotes Strain Gauge location on Top & Bott. of Panel > : ' :
| ‘ | . ”g“ LOAD CASE v | DESIGN TRUCK |DESIGN TANDEM | ‘ | ) ) E’I, 2 | ‘ |
_:_ _‘ -:_ E 3‘: SERVICE 11 130 3320 5594 _:_ ‘ _:_ AN\ denotes Strain Gauge location on Top of Panel < (% _:_ ‘ _:_
— — ——— |u - - L S
I X | = 3 STRENGTH 1 1.75 44.69 34.91 | X | v denotes Strain Gauge location on Bott. of Panel § I X I
| | 3 STRENGTH 11 1.35 57.46 N/A | | g | ‘ |
: ‘ : : ‘ : O denotes 1" Dia. Omitted Wearing Surface Improperly Located = : :
] 1 E '
| | | | s | |
| ‘ | O | @A — & | ‘ |
| ' | | ' | | ' |
| | | | | | | | |

Fhase I (Laboratory Component) Tests intended to measure System 2 Stresses for Negative Flexure.

Loading is per AASHTO LRFD HL-93 Design Truck and Design Tandem and includes Dynamic Load Allowance (1.33) and Multi-presence Factor (1.20).
For Service and Strength Load Cases, apply Axle 1 for Design Truck and Axles 1 & 2 for Design Tandem with Wheel Loads per Table.
Strength Il (FL-120 Permit Truck) is 1.67 x AASHTO LRFD HL-93 Design Truck.

For Maximum Negative Flexure, apply Wheel Lines 1 & 2.

PARTIAL PLAN - TEST PANEL 'B'

NOTE: 43 Total Strain Gauges Req'd

Direction of Traffic g

——

NOTE: Test Panel 'A' not shown. Test Panel 'A' pre-attached to stringers with Test Panel 'B',

for use in Phase I1I (Field) Testing, but not tested in Phase I.
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NOTES:

1. Fasteners for Test Panels shall be 3" Dia. x 2" 2.
ASTM A325 Tension Control Bolts. Bolts, nuts and
washers shall be mechanically galvanized per
ASTM B695 Class 50 with nuts overtapped for
fastener assembly and with lubricant containing

Holes in deck panel and stringers for bolts 3.
shall be '%¢" Dia. Standard Oversize.
drill holes in stringer flange and use holes in
stringer flange as template to drill holes in
deck panel with panel inverted.

Underside of d
shall be abra
Cleaning) to an

Pre-

(Near-White Me

eck panel at connections to stringers
sion blasted to SSPC-SP5 (White-Metal Blast
average substrate profile of 2.0 mils.

4. Steel shall be abrasion blasted to SSPC-SP10

tal Blast Cleaning) and shall receive

visible dye. Provide washers under nut. Tension a solvent based inorganic zinc primer (e.g. Carbozinc 11
bolts to minimum proof load of 28 kips. or equal) to a dry film thickness of 6.0 mils.
Test Panel 'A' (Generation I) Width - 7'-7%" 1" Test Panel 'B' (Generation I11) Width - 8-3"
3 7 5p.@9" 3 Sp.@4%" 2Y'3" %' 4% 25p.@4%" 3 Sp.@4%" 6 5p.@9" 8%" 3" TC Bolt Spacing - S1
3 4 Sp.@4%" 5 5p.@9" 3 Sp.@4%" 2% 4% 2Sp.@4%| 3 Sp.@4%" 5 5p.@9" 25p.@4%"25p.@4%]| 3" TC Bolt Spacing - 52
\ \
3" 7 Sp.@4%" 3 Sp.@9" 4 Sp.@4%" 78 4% 2Sp.@4Y) 4 Sp.@4%" 3 Sp.@9" 5 Sp.@4%" LSp.@4%| 3 TC Bolt Spacing - S3
2" Cope
(]
5
[}
: \/ WAVAYAYIRA YAY, YAY, YAY YAVAYAWOYA
N {
W W W W W W ¥ % ¥ @ §F @ % W @ W F @ F % §F @ ¥ @ &
— o O , ) o o
B a " Dia. ASTM A325 Tension Control Bolts (Typ.) &
©) o Q‘\ (Shown on Stringer S3.) o o ®
5 o O 76" x 2%s6" Long Slotted Holes o o 5
O o (Ea End - Typ.) for Field Installation /Laboratory Conc. Floor o o
W 16x50 - Anchor to Laboratory Floor (Typ.)
on an 4 on
4% 15'-3" 4"
LONGITUDINAL SECTION THRU TEST SET-UP
14'-0" Test Panel Length
],74]/2” 6'-0" 6'-0" 71/2,,

~——-¢ Stringer S1

’

Y Flexolith Epoxy Polymer
Wearing Surface (Typ.)

~——o( Stringer 52

¢ Stringer 53 —

AN

" Dia. ASTM A325 Tension Control Bolts (Typ.)

2 212 2'12"
/Laboratory Conc. Floor ~——"W 16x50 - Anchor to Laboratory Floor (Typ.)
— — — — — —

TRANSVERSE SECTION THRU TEST SET-UP

REVISIONS
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Work Zone - 19'-8" (+/-) 1'-10%" 13-0"
Sidewalk Closed Limits of Deck Removal - 14'-13" 6" (+/-)
(3] Vie)\
NOTE: E
Deck and stringers to be removed as a single unit <
for possible reuse if required. Excercise care in O — Temp. Type K Barrier
1 removal to avoid damage that would preclude reuse. x (Index 414) (Use if
g Single Lane of Traffic | 1]
L] to be Maintained)
— Remove Floorbeam Spacer Bar y
at Stringers S1 thru S4 (Typ.) Cut Deck Full Length e l
— Cut Stringer S5 Top Flange
Full Length to Remove Deck\ |
****************** i Y J‘H R i Y
== = = = s
Exist. Conn. Angles and Bolts to Remain ﬂ\Exist. Stringer S5
for Support of Adjacent Spans (Typ.) to Remain
\F/oorbeam FB3 (East Leaf) Oo o
Remove Stringers S1 thru S4 with Deck O° °
(Deck to Remain Attached to Stringers) ol ©
L/ —
3 Sp. @ 3-9%" = 11'-4%"
TRANSVERSE SECTION THRU BASCULE LEAF - PHASE 1 (DEMOLITION)
Work Zone - 19'-8" (+/-) 1'-10%" 13-0"
AN Sidewalk Closed 6" (+/-)
NOTE: =~
WT 8x25 connection tees may be installed in advance
of removal of existing deck and stringers to reduce
duration of lane closure. Bolts should remain loose — Temp. Type K Barrier
until new aluminum deck and stringers are installed (Inc/e;< 414) (Use if
N to facilitate alignment with stringer webs. Single Lane of Traffic
L New 5'x¥" Trim R to be Maintained)
_— Welded to Exist. Deck T
L o o New L 5x3%x% Bolted
to Stringer S5 Web to |
%" Dia. ASTM A325 Bolts (Typ.) Replace Stringer F/ange\
F\‘ — ki Y =R 1
olo ol o ol lolo| ™ ol o > olel|° oflo ol o
° o o o o o ° o @ '; o o o o o o o o o o —
o]0 o |l o ]5/]6”)(23/]6”L0ng o il o ©o|o a 'T o I o °°Io::oI o il o ol e )
©| 0| . |0 V| - ©| O
oo Slotted Holes in olo| o oo %" Dia. ASTM A325 Bolts (Typ.)
©| 0| Floorbeam Web (Typ.) r oo
&
oo J New WT 8x25 (Typ.) %6" Dia. Holes in
o |l,° WT Flange (Typ.)
ol © Ssr s2 53" S5
o Oo 251 6'-0" 6'-0" 8l
o o T
e — NORTH BRIDGE OVER ICWW
@ TRANSVERSE SECTION THRU BASCULE LEAF - PHASE 2 (PREPARATION) BRIDGE NO. 940045
y DRAWN BY: SHEET TITLE:
——— e e e p corge €. Fattor, PE oce 105 STATE OF FLORIDA CONSTRUCTION PHASING - TRANSVERSE SECTIONS (1 OF 2) |-
S e o 0 orecieosy |  DEPARTMENT OF TRANSPORTATION TEST PROGRAM - PHASE 3 (FIELD TESTING)
------------------ 1 HARDESTY & HANOVER, LLC
! TEST PROGRAM ! 18302 Highwoods Preserve Parkway DESIGNED BY. o o TP Froworae SHEETNO.
: USE ONLY 1 Suite 114, Tampa, Florida 33647 GCP_10-15 21A st Lweie | 419497-1-82-01 BASCULE BRIDGE LIGHTWEIGHT SOLID DECK RESEARCH

------------------ ! Certificate of Authorization No. 29741
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1
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Work Zone - 19'-8" (+/-) 1'-10%" 13-0"
Sidewalk Closed New Aluminum Orthotropic Deck System - 14'-0" %"\ Open Jt.
V(@)
%" Open Jt. — NOTE: . o . .
Install deck system as single unit with shop applied wearing
surface and pre-attached stringers. Align deck top surface | Temo. Tvpe K Barrier
with exist. steel open grid deck top surface, set deck joints (Indep;( 4y]p4) (Use if
] as shown, align stem of WT 8x25 conn. tees with stringer Sinale Lane of Traffic
web, secure and install stringer end conn. plates. Tighten tol ge Maintained) ! 1
] bolts in all connections. Install transverse joint seals. Intar
New 5-inch Alum. Orthotropic Deck l
— System with Stringers S1' thru S3'
= i =
New %"x12"x1'-3" Web
Conn. Rs (E.S. - Typ.)
: ‘ N Floorbeam FB3 (Fast Leaf :
e New WT 8x25 (Typ.) New W 16x50 (Typ.) oorbeam (East Leaf) ol o
. OO ]1_41/211 71/2:: Oo B
1/ ST 52 s3)(s5 e
I L/ —
2'-5 I/2~ 6'-0" 6'-0" 812"
@ TRANSVERSE SECTION THRU BASCULE LEAF - PHASE 3 (DECK INSTALLATION)
Work Zone - 19'-8" (+/-) 1'-10%" 13-0"
Sidewalk Closed NOTE: 6" (+/-)

Reinstall exist. steel open grid deck and stringers, if required, following

Phase 3 Testing. Remove the aluminum orthotropic deck system as a single
unit with the stringers attached by unbolting the stringers from the WT 8x25
tees. Remove the WT 8x25 tees. Install new spacer bars on the Stringer S5
flange angle. Temporarily suppport stringers in adjacent bays and remove
exist. Stringer S1 thru S4 conn. Ls. Install the exist. steel open grid deck and
stringers as a single unit. Align top of deck surface with exist deck surface,
install new bent end conn. plates, tighten bolts, and weld grid deck to trim bar.

Weld Exist. Deck to
5'xY" Trim B (Typ.)

Exist. Ls on Far Side of
Floorbeam to Remain (Typ.)

— Temp. Type K Barrier
(Index 414) (Use if
Single Lane of Traffic
to be Maintained)

)

TRANSVERSE SECTION THRU BASCULE LEAF - PHASE 4 (GRID DECK REINSTALLATION)

I Y& Match Drill to Exist. New 1%'x2%" Spacer Bar
Bolt Holes (Typ.)j Welded to L 5x3%xY%, o
’_I[ - (?_‘ i Y A 1
ol o o ofle] = oflé o o ool o o |offfo ol o ol o
IR i HHEE HH HHE I I
ol 22 ofle ™ lofe] 22 lofl@ 22 el oo ol o =
— o o %{ T o ] co | L
oo New 3"x1'-0" Bent R o oo
°° ES. - Typ.) i e
(E.5. - Typ. ?\ %" Dia. ASTM A325 Bolts (Typ.)
ofle \—7‘ Long Slotted Holes to Remain (Typ.)
ofl © S1 S22 @ S5
o Oo]‘_5”/ 2,_41/2” 3Sp. @ 31_91/2u - 1]!_4]/2H

NORTH BRIDGE OVER ICWW

BRIDGE NO. 940045
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Remove Floorbeam Spacer Bar
at Stringers S1 thru 54 (Typ.)

NOTE:
Deck and stringers to be removed as a single unit
for possible reuse if required. Excercise care in
removal to avoid damage that would preclude reuse.

Typ. - Ea. Grid Bar>—%

New %'x1%"x1Y%" Fill Rs at Stringers
S1 thru 54 Welded to New Spacer Rs (Typ.)

New V6'x5"x10" Spacer Rs at Stringers S1 thru
54 Welded to Exist. Floorbeam Flanges (Typ.)

FB3 FB2
16'-9"
3l Limits of Deck Removal - 16'-2%" 3l
) ()
.Q .C
3 3
5 s
O O
LA L L ¥ . . . . . . . A . L L e e el . e . L L JRLA LA . i i e s . L L. L SO LA L) L L UL/ L L LI L
S 10 S S S S i i e sy Gyl s s i S g ¥ i i 5 s A S S s S G A
= —
m\Exist. Conn. Angles, Bolts and Part of Stringer X ] ] o
< to Remain for Support of Adjacent Spans (Typ.) Exist. W 16x36 Stringer S
T P [———
S >
© . . @)
6" Limits of Stringer Removal - 15'-9" 6"
LONGITUDINAL SECTION THRU BASCULE LEAF - PHASE 1 (DEMOLITION)
NOTE:
WT 8x25 connection tees may be installed in advance
of removal of existing deck and stringers to reduce
duration of lane closure. Bolts should remain loose
until new aluminum deck and stringers are installed
to facilitate alignment with stringer webs.
FB3 FB2
16'-9"
3% 16'-1%" 3%

New L 6x4x% x 14'-0" Welded to
Exist. Grid Deck and New Spacer Rs (Typ.)

3” ]3/411

%" Dia. ASTM A325 Bolts (Typ.)—

Typ.

Field Verify As-built Location of Grid Deck Main
Bars and Adjust Location of Fill Rs as Req'd (Typ.)

LA B ! L LI J L L LA LN LI

WT Stem (Typ.) X

New WT 8x25 (Typ.) —/

LONGITUDINAL SECTION THRU BASCULE LEAF - PHASE 2 (PREPARATION)

DRAWN BY:

LI L L LA LA LI j
| A N A N NN N U S S S

NORTH BRIDGE OVER ICWW
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NOTE:

WT 8x25 connection tees may be installed in advance
of removal of existing deck and stringers to reduce

duration of lane closure.

Bolts should remain loose

until new aluminum deck and stringers are installed
to facilitate alignment with stringer webs.
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LONGITUDINAL SECTION THRU BASCULE LEAF AT STRINGER S5 - PHASE 2 (PREPARATION)
NOTE:
Install deck system as single unit with shop applied wearing
surface and pre-attached stringers. Align deck top surface
with exist. steel open grid deck top surface, set deck joints
as shown, align stem of WT 8x25 conn. tees with stringer
web, secure and install stringer end conn. plates. Tighten
bolts in all connections. Install transverse joint seals.
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LONGITUDINAL SECTION THRU BASCULE LEAF AT STRINGER S3' - PHASE 3 (DECK INSTALLATION)
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NOTE:
Reinstall exist. steel open grid deck and stringers, if required, following
Phase 3 Testing. Remove the aluminum orthotropic deck system as a single
unit with the stringers attached by unbolting the stringers from the WT 8x25
tees. Remove the WT 8x25 tees. Install new spacer bars on the Stringer S5
flange angle. Temporarily suppport stringers in adjacent bays and remove
exist. Stringer S1 thru 54 conn. Ls. Install the exist. steel open grid deck and
stringers as a single unit. Align top of deck surface with exist deck surface,
install new bent end conn. plates, tighten bolts, and weld grid deck to trim bar.
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LONGITUDINAL SECTION THRU BASCULE LEAF - PHASE 4 (GRID DECK REINSTALLATION)
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