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Abstract
This research evaluated the feasibility of the empirical design method for reinforced concrete
bridge decks for the Florida Department of Transportation [FDOT]. There are currently three
methods used for deck design: empirical method, traditional method and finite element method.
This research investigated and compared the steel reinforcement ratios and the stress developed
in the reinforcing steel for the three different methods of deck design. This study included
analysis of 15 bridge models that met the FDOT standards. The main beams were designed and
load rated using commercial software to obtain live load deflections. The bridges were checked
to verify that they met the empirical method conditions based on the FDOT Structures Design
Guidelines — January 2009. The reinforced concrete decks were designed using the traditional
design method. Then the bridges were analyzed using three-dimensional linear finite element
models with moving live loads. The reinforced concrete decks were designed using dead load
moment, live load moment, and future wearing surface moment obtained from the finite element
models. The required reinforcing steel ratio obtained from the finite element method was
compared to the required reinforcing steel ratio obtained from traditional design method and the
empirical design method. Based on the type of beams, deck thicknesses, method of analysis, and
other assumptions used in this study, in most cases the required reinforcing steel obtained from
the finite element design is closer to that obtained from the empirical design method than that
obtained from the traditional design method. It is recommended that the reinforcing steel ratio
obtained from the empirical design method be used with increased deck thicknesses to control
cracking in the bridge decks interior bays.

Keywords: empirical deck design, traditional deck design, deck cracking
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Introduction

Background

Most of the new bridge decks in the United States are constructed using reinforced

concrete. Based on the Load and Resistance Factor Design (LRFD) Bridge Design

Specifications (American Association of State Highway and Transportation Officials [AASHTO]

2012), Section 9.6.1, bridge decks are allowed to be analyzed using the following three methods:

Elastic method, also known as traditional method or equivalent strip method, where the
deck is divided into strips and analyzed as a reinforced concrete flexural element.
Empirical method, also known as the Ontario method, if the deck meets certain criteria
then the minimum amount of transverse reinforcing steel shall be 0.27 in’ per foot in the
bottom layer and 0.18 in’ per foot in the top layer. This corresponds to a reinforcing
steel ratio of 0.34% in the bottom layer and 0.23% in the top layer, assuming an 8 inch
thick deck and using No.5 rebars. However the Florida Department of Transportation
[FDOT] Structures Manual — January 2009, Structures Design Guidelines (SDG) Section
4.2.4 requires the use of no. 5 bars at 12 inches in both directions in the top and the
bottom layers.

Refined method, or finite element modeling, where the deck is modeled using detailed

three-dimensional shells or plate elements.

It is assumed that the empirical method provides less reinforcing steel ratio than the

elastic method. The lower reinforcing ratio could cause transverse cracking in bridge decks.

However, researchers from the Michigan and New York transportation departments have

investigated the adequacy of the empirical method and have recommended using it in all
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situations where the deck falls within LRFD’s empirical method guidelines. On the other hand,
Barth and Frosch (2001), and Frosch, Blackburn and Radabaugh (2003) maintained that a
reinforcing steel ratio of 0.63% obtained from the LRFD traditional method is still necessary for

adequate crack control.

Objective

The objective of this research is to verify the feasibility of the empirical design method
by using a parametric study that analyzes 15 bridge models. Fifteen models were established
using three different span lengths of 70, 80, and 90 feet, with varying beam spacing of 6, 8, 10,
12, and 14 feet. In order to verify the empirical method, all 15 models were analyzed with
Structural Analysis and Design (STAAD.Pro V8i) software to obtain the dead load moments,
future wearing surface moments, and live load moments. The decks were then designed as
reinforced concrete flexural element. The reinforcing steel ratio obtained from the finite element
analysis is compared to that obtained from the empirical design and the traditional design
methods. In addition, the cracking moment in the deck at service, the tensile stress in the deck
concrete at service, and the tensile stress in the reinforcing steel at service did not exceed the

allowable limits.
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Tasks
To accomplish the stated objective, several design and modeling tasks had to be
completed:

e All 15 bridge models were designed using commercial software, SmartBridge, to obtain
the beams’ live load deflections, prestressing strand patterns, shear reinforcement, and
rating factors.

e The 15 bridge models were checked to verify whether the bridges meet the empirical
method requirements based on the FDOT SDG — January 2009.

e The reinforced concrete decks were designed using the traditional method based on
AASHTO LRFD.

e The 15 bridge models were analyzed using three-dimensional linear finite element
models that include all elements of the structure such as traffic railings, deck, beams, and
substructure.

e The decks were designed using dead load, live load, and future wearing surface moments
obtained from the finite element models.

e The required reinforcing steel ratio (p) obtained from the finite element method was
compared to required p obtained from the empirical method and to the required p
obtained from the traditional method to make recommendations whether the empirical

method would be acceptable to provide better deck designs with minimal cracking.
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Literature Review and Data Collection
Survey
As part of this research project, deck design requirements from the departments of
transportation [DOT] in the United States [U.S.] were reviewed. Some of the States’ DOTs still
use the AASHTO Standard Specifications for bridge deck design and other states” DOTs do not

have any bridge design manuals on their websites. The specifications are summarized as follows:

e The Alabama DOT [ALDOT] Bridge Bureau Structures Design and Detailing Manual —
January 1, 2008 provides a table that shows the required deck thickness and reinforcing steel
based on girder type and girder spacing. The table was furnished by the State Bridge
Engineer and any exceptions will require his prior approval. The table shows a deck
thickness that varies from 7” minimum to 73%” maximum with girder spacing varying from
4.0’ to 10.0’. The main transverse reinforcing steel used is No. 5 bar with spacing between

6%2” and 4%2”. This corresponds to a reinforcing steel ratio of 0.68% to 0.98% per foot.

e The Arizona DOT [ADOT] Bridge Design Guidelines — July 2011, Section 9.6.1 allows the
reinforced concrete deck to be designed following an approximate elastic method which is
referenced in the AASHTO LRFD traditional design method. Refined method of analysis or
finite element modeling is only allowed for complex bridges with prior approval from ADOT
Bridge Group. The moments due to the unfactored live load shall be obtained from
AASHTO LRFD Section 4, Appendix A, Table A4-1 with the negative moment values taken

at a distance of 0.0” from the centerline of girder.
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The California DOT [Caltrans] Bridge Design Practice — October 2011, Chapter 10,
Concrete Decks, allows the design of reinforced concrete decks as transverse strips flexure
member which is based on the approximate or traditional method of analysis. The refined
method of analysis, based on AASHTO 4.6.3, is recommended for more complex decks
analysis, i.e. curved decks, which would require a more detailed analysis. The empirical
design method, based on AASHTO 9.7.1 is not permitted for now until further durability

testing is completed.

The Colorado DOT [CODOT] Bridge Design Manual — June 1989, Section 8 provides a
table that shows the minimum deck thickness and reinforcing steel size and spacing based on
the effective span length. The deck thickness varies between 8 and 9 inches with a quarter
inch increment. The main transverse reinforcing steel is No. 5 bar with spacing between 9
and 5 inches which corresponds to a reinforcement ratio of 0.47% to 0.85%. This table is

based on the Load Factor Design.

e The Connecticut DOT [ConnDOT] Bridge Design Manual — 2011, Section 8.1.2.2 requires

the decks to be designed using the load factor design. ConnDOT also allows the use of the

empirical design method based on the AASHTO LRFD Specifications.

e The Delaware DOT [DelDOT] Bridge Design Manual — May 2005, Section 5.3.1.2 does not

allow using the empirical design method for decks. DelDOT references AASHTO LRFD

Section 4.6.2.1, which is the approximate method of analysis for applying wheel loads.
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e The Florida DOT [FDOT] Structures Manual — January 2013, SDG does not permit the use
of the empirical design method due to future widening or phased construction and associated
traffic control impacts. The interior portions of the deck shall be designed using the
traditional design method. For the deck overhang and median barriers, the SDG provides a
table that shows the required minimum area of reinforcing steel based on the type of traffic

railing barrier used on a particular bridge.

e The Georgia DOT [GDOT] Bridge and Structures Design Manual — October 2005 uses the
service load design for bridge decks to provide a stiffer deck that is subject to less cracking.
GDOT provides a deck chart showing the bar size and spacing using the BRSLABO7 design
program, and it also assumes the deck is continuous over 3 or more supports with a
continuity factor of 0.8 and a minimum deck thickness of 7 inches. The deck overhang is
also preferably designed using the service load design, however the load factor design is also

allowed since the overhang loading does not occur daily.

e The Idaho Transportation Department [ITD] LRFD Bridge Design Manual — November 2005,
Section 9.7.2 allows the use of the empirical design method for bridge decks and provides a
design aid for determining the deck thickness based on the type of beam used. The concrete
girders’ types are AASHTO Type 2, AASHTO Type 3, AASHTO Type 4, and Modified
Bulb Tee. The steel girders have varying top flange width of 127, 157, 18”, and 24”. ITD
also noted that the empirical design method cannot be used for the Modified Bulb Tee

concrete girders when the girder spacing is 5.0” and 5.5°.
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e The Illinois DOT [IDOT] Bridge Manual Design Guides — April 2012, bridge deck design
Section 3.2.1 is based on the traditional method. IDOT Bridge Manual provides a step by
step process with a solved example to determine the spacing for No. 5 bars in the top and
bottom mats. The standard deck thickness has been increased to 8.0” for beam spacing

between 5’-6” and 9°-6”".

e The Indiana DOT [INDOT] Design Manual — 2012 Chapter 404 Bridge Decks allows the use
of the approximate method of analysis, commonly referred to as the equivalent strip method
or traditional method, in accordance with AASHTO LRFD 4.6.2. The INDOT Design

Manual does not mention whether the empirical deck design method is allowed.

e The Iowa DOT [IDOT] LRFD Bridge Design Manual — December 2012, recommends using
the strip method for deck design based on AASHTO LRFD 4.6.2.1. The empirical method is

to be used only with permission of the Bridge Engineer.

e The Kansas DOT [KDOT] LRFD Bridge Design Manual — May 2010, Section 3.9.4 allows
the use of the traditional design method for bridge decks and does not use the empirical
method. The traditional deck design is based on 8.5” thick deck that includes a 0.5” wearing

thickness, and 15 pound per square foot allowance for future wearing surface.

e The Louisiana Department of Transportation and Development [La DOTD] LRFD Bridge
Design Manual — September 2008, allows the use of both the empirical design method and

the traditional design method. The empirical method is not allowed for the overhang design.



EVALUATION OF THE EMPIRICAL DECK DESIGN

The LaDOTD LRFD Bridge Design Manual also lists special provisions related to the

concrete material, curing method, and deck thickness when using the empirical deck design.

e The Maine DOT [MDOT] Bridge Design Guide — August 2003, Chapter 6, provides 2 tables
that show the minimum deck thickness, reinforcing steel size, and spacing based on the
maximum girder spacing. The deck thickness varies from 7 to 117 with a half inch
increment. The main transverse reinforcing steel is No. 5 bar with a 6-inch spacing which
corresponds to a reinforcement ratio of 0.58% to 0.91%. The MDOT Bridge Design Guide

does not specify what method the design is based on.

e The Massachusetts DOT [massDOT] LRFD Bridge Manual — October 2009, Part II, provides
design tables showing the required steel reinforcement and deck thickness. Section 3.5.2 of
Part I requires using the use of the traditional approximate method of analysis when the beam

spacing is outside the table limits. The empirical deck design is not allowed.

e The Michigan DOT [MDOT] Design Manual — Bridge Design — Chapter 7 LRFD Section

7.02.19 allows the use of the empirical design method according to AASHTO LRFD 9.7.2.

e The Minnesota DOT [MnDOT] LRFD Bridge Design Manual — 2013, Section 9.2.1 requires
the use of the traditional approximate method of analysis only. The empirical deck design

method shall not be used.
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e The Missouri DOT [MoDOT] Category 751 LRFD Bridge Design Guidelines Section
751.10.1.4 recommends the use of the equivalent strip method for deck design. The
MoDOT LRFD Bridge Design Guidelines also mentions that there are other methods of
analysis allowed, such as finite element method, but does not mention the empirical method.
The slab portion between girders shall be 8.5 thick for both cast-in-place (CIP) and precast

concrete decks.

e The Montana DOT [MDT] Structures Manual — August 2002, Chapter 15 provides a figure
that shows the slab thickness and reinforcing steel based on the beam spacing. This table is
based on the strip method of the AASHTO Standard Specifications for Highway Bridge.
Rigorous application of the strip method generally results in slightly greater reinforcing steel
ration than presented in the figure. Based upon acceptable past performance and the fact that
the empirical method of the AASHTO LRFD Specifications requires less reinforcing steel

than the strip method, designs in accordance with the figure are considered satisfactory.

e The Nebraska Department of Roads [NDOR] Bridge Office Policies & Procedures (BOPP)
Manual — 2013 Section 3.1.1 requires the deck be designed using the empirical design
method in accordance with current AASHTO LRFD Bridge Design Specifications. The
NDOR BOPP Manual also provides the required deck thickness based on the effective span.
The top mat shall have No. 4 bars at 12 in both directions while the bottom mat shall have

No. 5 bars at 12” in both directions.
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e The Nevada DOT [NDOT] Structures Manual — September 2008, Chapter 16 allows the use
of the traditional approximate method of analysis only. NDOT design practice is to use a 40-
kip axle instead of the 32-kip axle specified in the LRFD Specifications. Therefore, the
bridge engineer must multiply the design moments shown in LRFD Table A4-1 by 1.25. The

empirical method is not allowed by NDOT.

e The New Jersey DOT [NJDOT] Design Manual for Bridges and Structures (DMBS), 5"
Edition — 2009 Section 3.2 allows the use of the empirical design if the bridge structure
entails straight longitudinal superstructure members, otherwise the provisions of the
AASHTO LRFD 9.7.3 - Traditional Design shall primarily be followed for concrete deck
slab designs. The NJDOT DMBS Section 20.5 — Deck Slab Design and Construction
Detailing, also provides a table for deck reinforcing steel design. The table has a beam
spacing of 4.25’ to 13.17°, a deck thickness of 8.25” to 10.75” and the required main top and
bottom rebars, the longitudinal top and bottom rebars, and the additional main rebars in the
overhang. The table is based on a concrete compressive strength of 4,000 psi, reinforcing

yield strength of 60 ksi with 2.5 top cover and a 1.0” bottom cover.

e The New Mexico DOT [NMDOT] Bridge Procedures and Design Guide — April 2013 uses
the 1979 Bridge Design and Detailing Instructions that show standard details of deck
reinforcing steel in a figure. The main reinforcing steel used is No. 5 at 6” for the top and
bottom mats. The deck thickness varies with the beam spacing, from 8” for 6’-7” beam
spacing to 117 for 11°-10” beam spacing. NMDOT used thinner decks in the past, but

practice has shown that thinner decks do not have the long-term durability of the standard

10
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decks. Therefore the standard deck should always be used unless approval to use a thinner

deck is obtained from the State Bridge Engineer.

e The New York State DOT [NYSDOT] Bridge Manual — May 2011, 4t Edition, Section

5.1.5.1 allows the use of the empirical design method for isotropic decks that meet the

following conditions:

O

There must be four or more girders in the final cross section of the bridge. A stage
construction condition with three girders is permissible; however, the temporary
overhangs must be reinforced traditionally.

The maximum center-to-center spacing of the girders is 11’ and the minimum spacing
is 5.

Design slab thickness shall be a minimum of 8" and the total standard deck thickness
shall be a minimum of 9%2”. An 8%2” thick deck may be used with solid stainless steel
and stainless steel clad reinforcement.

The deck is fully cast-in-place and water cured. Only permanent corrugated metal
and removable wooden forms shall be permitted (prestressed concrete form units are
not allowed).

The supporting components are made of spread steel or concrete I-girders.

The deck shall be fully composite in both positive and negative moment regions. In
negative moment regions, composite section property computations shall only include
the area of the longitudinal steel.

Isotropic reinforcement may be used with spread concrete box beams provided the

reinforcement is adequate to resist flexure for the clear span between beam units.

11
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o The minimum overhang, measured from the centerline of the fascia girder to the
fascia, is 2°-6”. If a concrete barrier composite with the deck is used, the minimum
overhang is 2°-0".

o Skew angles up to 45°. Note: For skews above 30° isotropic reinforcement becomes
very congested at the end of the slab. Traditional deck slab reinforcement is

recommended for skews greater than 30°.

e The North Carolina DOT [NCDOT] Structures Design Manual — September 2013,
Section 6.2.2 provides standard deck design tables for detailing decks to carry a HL.-93
live load. The tables show the deck thickness and reinforcement based on beam spacing.
The tables are based on Grade 60 reinforcing steel and a concrete compressive strength of
4,000 psi. The design deck depth is the deck depth less %" monolithic wearing surface.

NCDOT does not allow the concrete decks to be designed with the empirical method.

e The North Dakota DOT [NDDOT] LRFD Bridge Design Specifications — 2004 uses the
traditional approximate method of analysis for deck design. The empirical deck design
method shall not be used. The deck shall be treated as a continuous beam. Moments as
provided in Table A4-1 of the AASHTO LRFD are to be applied at the design section.
The use of Table A4-1 must be within the assumptions and limitations listed at the

beginning of the appendix.

e The Ohio DOT [ODOT] Bridge Design Manual (BDM) — April 2012, Section 300

requires the deck to be designed with the approximate elastic method of analysis in
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accordance with AAHTO LRFD also known as the traditional design method. The
refined method of analysis and the empirical design method, LRFD 9.7.2 are prohibited.
The ODOT BDM also provides a concrete deck design aid table that shows the deck
thickness, the deck overhang thickness, the transverse steel, and the longitudinal steel bar
size and spacing for the top and bottom mats based on an effective span length. It also
shows the required additional bars for the deck overhang based on the ODOT approved
bridge railings. The design aid table applies only for decks designed in accordance with
AASHTO LRFD Bridge Design Specifications and ODOT BDM, and several other

design assumptions listed under the table.

The Oregon DOT [ODOT] Bridge Design and Drafting Manual (BDDM) — 2004,
Section 1.1.20 does not allow the use of the empirical design method for deck reinforcing
steel. The ODOT BDDM explains that excessive deck cracking, apparently due to under

reinforcement, precludes the use of this method until further notice.

The Pennsylvania DOT [PennDOT] Design Manual Part 4 Structures — May 2012,
Section 9.6.1 requires the concrete decks to be designed in accordance with the
approximate elastic method. The refined method and the empirical method are only

allowed if approved by the PennDOT Chief Bridge Engineer.

The Rhode Island DOT [RIDOT] LRFD Bridge Design Manual — 2007, Section 9.5 uses
the approximate elastic method of analysis for design of concrete decks. The refined

method of analysis shall be used only when approved by the Managing Bridge Engineer.

13



EVALUATION OF THE EMPIRICAL DECK DESIGN

The empirical method of analysis will be considered by the Managing Bridge Engineer

on a case-by-case basis.

e The South Carolina DOT [SCDOT] Bridge Design Manual — 2006, Section 17.2 allows

the use of the strip method only. The use of the empirical deck design is prohibited.

e The Texas DOT [TxDOT] Bridge Design Manual — LRFD — (BDM) March 2013 does
not use the empirical design method specified in LRFD Article 9.7.2. The TxDOT BDM

uses the Traditional Design method specified in LRFD Article 9.7.3.

e The Agency of Transportation in Vermont [VTrans] Structures Design Manual — 2010
does not mention whether the deck is designed using a specific method. Section 9.1
provides tables that show the deck thickness and reinforcement based on beam spacing.

These tables are based on 4,000 psi concrete and 60,000 psi rebars.

e The Virginia DOT [VDOT] Structures and Bridge Manuals (SBM) — December 2012
Volume V Part 2, does not allow the use of the empirical design method. The VDOT
SBM also provides a table that shows the required deck thickness, reinforcing steel area

and spacing for steel beams and prestressed concrete beams based on the beam spacing.

e The Washington State DOT [WSDOT] Bridge Design Manual LRFD — July 2011,
Section 5.7 requires that the deck be designed using the traditional design of AASHTO

LRFD 9.7.3 with a few modifications. The minimum deck thickness (including wearing
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surface) is 7.5” for concrete beam bridges, 8.5 for concrete beam bridges that have stay-

in-place (SIP) forms and 8.0” for steel beam bridges.

The West Virginia DOT [WVDOT] Bridge Design Manual — 2006 Section 3.2.1 allows
the use of the empirical design method provided all required design conditions are met
based on AASHTO 9.7.2.4. WVDOT restricts the deck thickness to a minimum of 8.0”
for monolithic bridge decks and 8.5” for bridge decks made from specialized concrete
overlay. WVDOT has also prepared design drawings for the deck overhangs that meet
the dimensional criteria set in these drawings and carry the standard WVDOT barriers.
Otherwise the deck overhang shall be design for all loads including the impact loads

based on LRFD 9.7.1.5 and the requirements of LRFD 9.7.2.

The Wisconsin DOT [WisDOT] LRFD Bridge Manual — July 2013, allows the use of the

empirical design method with prior approval from WisDOT.

The Wyoming DOT [WYDOT] Bridge Design Manual (BDM) — December 2012,
Chapter 2 uses the traditional design based on AASHTO LRDF 9.7.3. The WYDOT
BDM also provides deck reinforcing steel table that shows the deck thickness, the girder
spacing, the bar size, positive, and negative moments based on 12 inch-spacing for
transverse bars and maximum longitudinal bar spacing. The design is based on the HL93

Design Loading.
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Table 2.1 below summarizes the deck design method by state. Figure 2.1 shows that only

18% or 9 states allow the use of the empirical design on their bridges.
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Table 2.1: Bridge Deck Design Method by State

State Method State Method
Alabama N/A Montana N/A
Alaska N/A Nebraska Empirical
Arizona Traditional Nevada Traditional
Arkansas N/A New Hampshire N/A
California Traditional New Jersey Empirical
Colorado N/A New Mexico N/A
Connecticut Empirical New York Empirical
Delaware Traditional North Carolina N/A
Florida Traditional North Dakota Traditional
Georgia N/A Ohio Traditional
Hawaii N/A Oklahoma N/A
Idaho Empirical Oregon Traditional
llinois Traditional Pennsylvania Traditional
Indiana Traditional Rhode Island Traditional
Iowa Traditional South Carolina Traditional
Kansas Traditional South Dakota N/A
Kentucky N/A Tennessee N/A
Louisiana Empirical Texas Traditional
Maine N/A Utah N/A
Maryland N/A Vermont N/A
Massachusetts Traditional Virginia Traditional
Michigan Empirical Washington Traditional
Minnesota Traditional West Virginia Empirical
Mississippi N/A Wisconsin Empirical
Missouri Traditional Wyoming Traditional
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Category
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Figure 2.1: Bridge Deck Design Method by State

Literature Review

Traditionally, reinforced concrete bridge decks have been designed using a one foot
distribution width with live load moments equations provided as a function of a design truck
wheel load based on the AASHTO Standard Specifications for Highway Bridges, 2002. This
method defines an assumed one foot wide section to carry the vehicular load negative and
positive bending moments. The deck is divided into strips perpendicular to the supporting
beams/girders (LRFD Section 4.6.2.1, 2012). The deck interior section, between the fascia
girders, is assumed to be continuous over the supporting beams/girders. Primary flexural
reinforcement, in the transverse direction, is then selected based on traditional procedures for the
design of one-way reinforced concrete flexural slabs. The deck design is also checked in the
secondary direction for flexure, torsion, and resistance as a percentage of the primary direction.

Special procedures are used for the design of deck overhangs that include vehicular live-load and
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dynamic impact loading of the parapet. The specifications also detail the placing of additional
reinforcement in the negative bending regions of continuous spans.

Several analytical and experimental studies have been conducted to verify the empirical
design method (also known as the Ontario method). Some of these studies have led to the
conclusion that the traditional method provides high amount of reinforcing steel (Fang, Worley,
Burns & Klinger, 1986; Tsui, Burns & Klinger, 1986; Fang, Worley, Burns & Klinger, 1990).
Investigation into the performance of concrete decks revealed that the primary structural action
by which these slabs resist concentrated wheel loads is not flexure but a complex internal
membrane stress state known as internal arching. This action takes place when concrete cracks
in the positive moment region and the neutral axis shifting upward. The action is resisted by in-
plane membrane forces that develop as a result of lateral restraints provided by the adjacent
concrete deck, girders, and other parts of the bridge acting compositely with the deck.

An experimental and analytical study conducted by Fang, et al., (1986), for the Texas
State Department of Highways and Public Transportation on two types of concrete decks: cast-
in-place and precast decks, showed that the results predicted by the analytical models correlated
with the experimental findings. Fang, et al., (1986) tested a full-scale bridge deck (cast-in-place
and precast) on steel girders, that was designed in accordance with the Ontario method (also
known as the empirical method) and having only about 60 percent of the reinforcing steel
required by AASHTO strip method. The test specimen consisted of 7.5 thick concrete deck
made composite with three W36x150 steel beams. The beams were 49’ long c/c of the bearings
and spaced at 7° with 3.25” overhang. A three-dimensional thick shell element, as shown in
Figure 2.2, was used to model the concrete deck with edge restraints using Structural Analysis

Program (SAP 1V) software and the compared to the beam-theory solution. Then the composite
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action of the deck slab and girder was modeled using a thick shell element and three-dimensional

beam elements combination, as shown in Figure 2.3.

Figure 2.2: Model of restrained thick shell elements.

Adapted from “Behavior of Ontario-Type Bridge Decks on Steel Girders,” by Fang, et al., 1986,

p. 38.
THICK SHELL ELEMENTS
( 2 Layers)
NNNZITTINN DECK WL NN
_\_1 N/t k\\\\_a“ SLAB NN
g RIGID
- L ¢ - ¢ ( ] LINKS
z STEEL ’ ﬂ )
p ) GIRDER THREE-DIMENSIONAL
BEAM ELEMENTS
Actual composite elements Finite element model

Figure 2.3: Finite element model of composite girder.
Adapted from “Behavior of Ontario-Type Bridge Decks on Steel Girders,” by Fang, et al., 1986,

p. 47.
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The analysis was based on a smeared cracking model with a sequential linear approach,
the cracked concrete was assumed to remain continuous and the cracks were smeared as shown
in Figure 2.4. The test procedure consisted of loading the specimen with a Highway Standard
(HS20) truck with a maximum wheel load of 16 kips magnified by the maximum impact factor.
This resulted in maximum wheel service load of 20.8 kips. Fatigue tests used a maximum wheel
load of 26 kips, which is 25% higher than the service load. The load was to four locations on the
deck simultaneously with wheel lines at 6 feet transversely and 20 feet longitudinally.

ASSUMED DIRECTION
OF CRACKING

DIRECTION
' OF PRINCIPAL
Y' TENSILE
//-””""‘TY“-. STRESS
\ FINITE
ELEMENT
e X MESH

N\

\

A NN
N

Figure 2.4: Schematic of smeared crack model.

Adapted from “Behavior of Ontario-Type Bridge Decks on Steel Girders,” by Fang, et al., 1986,

p. 52.

The test showed that the deck performed satisfactorily under the AASHTO deign loads,
the behavior of the deck was linear under service and overload conditions and wasn’t affected by
fatigue loading and compressive membrane forces did not affect the performance of the bridge at
loads below cracking.

Another experimental and analytical study accomplished by Tsui, et al., (1986), which

was a continuation of the study conducted by Fang, et al., (1986), concentrated on dealing with
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the negative moment behavior and ultimate capacity of the deck under concentrated loads. For
the negative moment test, the bridge was setup to simulate a continuous structure. The test setup
was designed to produce the maximum moment in the bridge over both end supports.

Comparing the analytical and experimental results showed that the analytical model generally
overestimated the deflections of the girders except at the midspan section of the interior girder.
But since the deflections were very small, the analytical results were consistent with the
experiments. For the concentrated load test, the results showed that the general punching shear
model gives the closest prediction tot eh experimental results. The flexural capacities of the deck
as assumed by the yield-line theory, with or without arching action, were higher than actual
failure loads. The values predicted by the ACI and AASHTO formulas based on punching shear
model were lower that the test values. The experimental observations showed that punching
shear was the failure mode. In summary, decks designed using the empirical method with less
reinforcement than traditional method bridge deck, punching shear was the critical failure mode
under concentrated load. The deck flexural capacity predicted using yield-line theory is not
likely to govern in a conventionally designed deck. Both ACI and AASHTO formulas gave very
conservative estimates of the deck's punching shear capacity. Both the cast-in-place and precast
prestressed decks resulted in satisfactory behavior at midspan, under static tandem loads.

A study by Csagoly (1989) conducted in Ontario showed that unreinforced concrete
decks could carry up to 80% of the maximum load carried by a comparable reinforced concrete
deck. This remarkable performance can be explained by the presence of massive in-plane
membrane forces produced by lateral restraints. Confinement is provided by any structure
elements attached to the deck or to which the deck is connected to, i.e. beams diaphragms and

railing. Punching tests conducted on existing bridges using a 100 kip load, showed a very small
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deflection of the deck and indicated the safe structural strength of existing decks. Csagoly
(1989) also concluded that concrete strength, presence of diaphragms, spacing of shear studs,
negative moments, dead load stresses, load position, and previous adjacent failures have little or
no effect on the capacity of the decks. Rather the factors Csagoly found to be of significant
importance were level of restraint, ratio of span to thickness, and amount of reinforcement. He
also recommended standardized prefabricated decks with a four layer isotropic reinforcing mat
where a typical mat would have No. 4 bars at 12” on center, as shown in Figure 2.5. The mat
would be manufactured in a continuous process to a standard width of 8’-6” to allow for

transportation without special permit.

Figure 2.5: Proposed four-layer reinforcement mat.

A Michigan DOT study that was conducted by Nowak, Szerszen and Ferrand (2003)
analyzed the design procedure and load rating of isotropic bridge decks. The study evaluated
two empirical decks, one supported on steel girders and the other on prestressed concrete girders.
Stress distribution was examined at the top and bottom of the decks and through the deck
thickness. Stress level due to dead load and live load was found to be less than the cracking
limit, and it was concluded that the empirical method provides adequate amount of rebars in the
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deck. However, restraint shrinkage and the tension stress exceeded the modulus of rupture in the
concrete, thus additional reinforcing steel was recommended for isotropic decks supported on
deeper steel prestressed concrete girders.

A study conducted by Jansson (2008) compared the performance of ten isotropic in-
service decks to several conventional decks on parallel bridges. Isotropic decks are designed
using the empirical method where the reinforcing steel is the same size and spacing in both the
transverse and longitudinal direction in the top and bottom mats. The conventional decks were
based on AASHTO’s traditional method of analysis were the decks are assumed to act as flexural
beams with a specified strip width. The bridges studied were based on the state of Michigan
environment and vehicle loads. This research found that the crack widths and densities are
comparable between the two designs, with the isotropic decks showing less transverse cracking
and more longitudinal cracking than conventional decks. For both design methods, the cracking
was proportional to the beam spacing and truck traffic volume. The study recommendations
were to continue using the empirical method, evaluate the cost savings when determining
whether to use the isotropic design, special requirements for SIP forms angles placement to
minimize cracks and continue to monitor the isotropic deck performance to confirm that long-
term serviceability and durability are not reduced in comparison with the traditional deck design.

Barth and Frosch (2001) claimed that a reinforcing steel ratio of 0.63% obtained from the
LRFD traditional method is still necessary for adequate crack control. Barth and Frosch (2001)
also claimed that control of cracking is as important as the control of deflection in flexural
elements. Cracks caused by flexural and tensile stresses reduce the service life of the structure
by allowing moisture and oxygen to reach the reinforcing steel and causing corrosion. Crack

width prediction equations have been established for beams and thick one-way slabs to calculate
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cracks width at the bottom of the beam and the reinforcement level, as shown in Equations 1 and

2.
wp = 0.0913/t,AB(f, —5) x 1073 (1)
ws = (0.0913/t,A/(1 + ts/hy)) (f; —5) x 1073 )

where: w;, = most probable maximum crack width at bottom of beam, in.
W, = most probable maximum crack width at level of reinforcement, in.
fs = reinforcing steel stress, ksi.
A = area of concrete symmetric with reinforcing steel divided by number of bars, in.”.
t, = bottom cover to center of bar, in.
ts = side cover to center of bar, in.
[ = ratio of distance between neutral axis and tension face to distance between neutral
axis and reinforcing steel about 1.20 in beams.
h, = distance from neutral axis to the reinforcing steel, in.
Another equation that they used to limit cracking in beams and one-way slab limits the
spacing of reinforcing steel closest to the surface in tension (see Equation 3).
s(in.) = [(540/f; — 2.5C.)] <12 (36/f;) or 12 in. 3)
where: f; = calculated stress in reinforcing steel at service load (ksi)
= unfactored moment divided by the product of steel area and internal moment arm, or
=0.6
C. = clear cover from the nearest surface in tension to the tension steel, in.
s = spacing to flexural tension reinforcement nearest to the surface if the extreme tension

face, in.
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Another investigation of bridge deck cracking by Frosch, et al., (2003) determined that
transverse deck cracking was caused by restrained shrinkage of the concrete deck, while
longitudinal deck cracking was produced by a combination of restrained shrinkage and the use of
angles to hold the SIP forms with a leg turned into the deck. Frosch, et al., (2003) recommended
that the concrete compressive strength be minimized as to not exacerbate deck cracking,
controlling the early-age deck cracking by limiting the maximum bar spacing to 6”, increasing
the reinforcement amount as recommended in Equation 4 to prevent yielding of the
reinforcement that can result in uncontrolled crack development. For 4,000 psi concrete and
60,000 psi reinforcement, Equation 4 would result in 0.63% steel reinforcement ratio in the deck
cross-section. They also recommended discontinuing the use of the SIP forms and if the SIP

forms are to be used, their angle legs should be turned down.
As = 6(Jf" /1) 4q )
where: A, = gross area of section, in’
A, = area of reinforcing steel, in’
f'c = concrete compressive strength, psi

fy = yield strength of reinforcing steel, psi

Research by Nielsen, Schmeckpeper, Shiner, and Blanford (2010) for ITD consisted of
comparing the ITD design to those used by other state DOTs. Nielsen et al., (2010)
recommended reducing the spacing and increasing the size of the reinforcing steel in the deck to
alleviate deck cracking issues in ITD’s bridge decks. The rebar spacing was recommended to be
6” maximum to reduce shrinkage and drying cracks’ widths and the deck thickness 8.5

minimum to increase its stiffness.
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Deck Design in Canadian Standards
The Canadian Highway Bridge Design Code — November 2006, Clause 8.18.1 allows the
use of the empirical design method where decks do not need to be analyzed, except for the
negative moment region in the overhang and in the continuous spans over the supports. It also
gives the option of using flexural design methods as an alternative to the empirical method. The
minimum deck thickness shall be 175 mm (7 inches) and the clear distance between the top and
bottom transverse reinforcement shall be a minimum of 55 mm (2.25 inches). In order to use the
empirical design method, the deck must meet all of the following conditions:
e The deck thickness between the fascia beams must be uniform.
e The deck is made composite with the supporting beams.
e The supporting beams are parallel to each other and the beams’ bearing lines are also
parallel.
e The beam spacing to deck thickness ratio is less than 18.0.
e The beam spacing is less than 4.0 meters (13.0 feet).
e The deck extends sufficiently beyond the fascia beams to provide the full development
length for the bottom transverse reinforcement.
e The longitudinal reinforcement shall be provided in the deck in the negative moment
region for continuous spans.
e The deck shall contain two mats of reinforcing steel near the top and bottom faces, with a
minimum reinforcement ratio, p, of 0.003 in each direction, as shown in Figure 2.6.
e  When the deck is supported on parallel beams, the reinforcement bars closest to the top
and bottom faces are placed perpendicular to bearing lines or are placed on a skew

parallel to the bearing lines.
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e The reinforcement ratio, p, may be reduced to 0.002 where the deck with the reduced
reinforcement can be satisfactorily constructed and the reduction of p below 0.003 is
approved.

e Where the transverse reinforcing bars are placed on a skew, the reinforcement ratio for
these bars is not less than p/cosze, where 0 is the skew angle.

e  Where the unsupported length of the edge stiffening beam, S,, exceeds 5 m (16.5 feet),
the reinforcement ratio, p, in the exterior regions of the deck slab is increased to 0.006, as
shown in Figure 2.7.

e The spacing of the reinforcement in each direction and in each assembly does not exceed

300 mm (12.0 in).

Figure 2.6: Reinforcement in cast-in-place deck.
Adapted from “Canadian Highway Bridge Design Code,” by Canadian Standards Association,

2006, p. 368.
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Figure 2.7: Reinforcement for CIP decks designed using the empirical method.
Adapted from “Canadian Highway Bridge Design Code,” by Canadian Standards Association,

2006, p. 369.
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Design of Bridge Decks
Empirical Design Method
Arching Action

Arching Action is defined in the AASHTO LRFD as “A structural phenomenon in
which wheel loads are transmitted primarily by compressive struts formed in the slab”. In order
to use the empirical design for bridge decks, the concrete deck is assumed to resist the
concentrated wheel loads through internal membrane stress, also known as internal arching and
not through traditional flexural resistance.

The arching action takes place when cracks develop in the positive moment
region of the reinforced concrete deck which results in shifting the neutral axis toward the
compression zone. The arching action is resisted by in-plane membrane forces that develop as a
result of lateral confinement provided by the surrounding concrete deck, rigid accessories, and

supporting components acting compositely with the deck.

Wheel Load

Flexure Forces
Membrane Forces

R

Figure 3.1: Concrete deck showing flexure and membrane forces

Adapted from “Bridge Design Practice,” by Caltrans, 2011 p. 10-2
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Conditions to use the empirical method
The empirical design shall only apply to that portion of the deck that is between
the fascia girders (LRFD 9.7.2.2). The deck thickness shall not consider the sacrificial thickness
due to grinding, grooving, and wear. The empirical design may be used if the following
conditions are satisfied:

e Cross-frames or diaphragms are used throughout the cross section at lines of support.

e For cross sections having torsionally stiff girders, i.e. box beams, intermediate
diaphragms are provided at a maximum spacing of 25 feet, or the deck is analyzed for
transverse bending over the webs and additional reinforcement provided is needed.

e The supporting beams/girders are made of steel and/or concrete.

e The deck is cast-in-place and water cured.

e The deck has a uniform thickness, except at haunches and other local thickening.

e The effective length to design thickness ratio is less than 18.0 and greater than 6.0. This
would result in a beam spacing of 4.0 feet minimum and 12.0 feet maximum, based on a
typical FDOT deck with thickness of 8.0 inches.

e The core depth of the slab is not less than 4.0 inches as shown in Figure 3.2.

e The minimum thickness of the deck is 7.0 inches, excluding any sacrificial wearing
surface. Based on the FDOT SDG, the minimum deck thickness shall be 8.0 inches for
“Short Bridges” and 8.5 inches for “Long Bridges”.

e There is a minimum overhang beyond the centerline of the fascia girder of 5.0 times the
thickness of the deck; or the overhang is 3.0 times the thickness of the deck and a
structurally continuous barrier is made composite with the deck overhang.

e The 28-day compressive strength of the deck concrete is at least 4.0 ksi.
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e The deck is made composite with the supporting structural components.

Figure 3.2: Core of a concrete deck.

Adapted from “LRFD Bridge Design Specifications,” by AASHTO, 2012 p. 9-11.

Reinforcing Steel Required
In the empirical design method also known as the Ontario method, if the deck

meets the criteria listed above, then the minimum amount of transverse reinforcing steel shall be
0.27 in® per foot in the bottom layer and 0.18 in’ per foot in the top layer. This corresponds to a
reinforcing steel ratio of 0.34% in the bottom layer and 0.23% in the top layer, assuming an 8-
inch thick deck and using No.5 rebars. However, the FDOT SDG Section 4.2.4 states the
following: “For Category 1 structures meeting the criteria in LRFD [9.7.2.4] and are not subject
to either staged construction or future widening, design deck slabs by the Empirical Design
method of LRFD [9.7.2]. In lieu of the minimum area and maximum spacing reinforcing
requirements of LRFD [9.7.2.5], use no. 5 bars at 12-inch centers in both directions in both the

top and bottom layers.”
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Traditional Design (The Equivalent Strip Method)

Based on the AASHTO LRFD Bridge Design Specifications — 2012, the traditional
design method shall apply to concrete decks that have four layers of reinforcement, two in each
direction. The concrete decks shall have a minimum thickness of 7.0” unless otherwise approved
by the owner. The traditional design assumes that the deck is a flexural element. The design
loads for the decks consist of dead loads of structural components, i.e. deck self-weight, SIP
forms, traffic railing, and sidewalk, dead loads of wearing surfaces and utilities and the vehicular
live load. The positive and negative bending moments due to dead loads can be calculated by
assuming the deck continuous over three supports. Since in any typical reinforced concrete deck,
the slab spans primarily in the transverse direction or perpendicular to the traffic, the live
bending moments should be based only on the axles of the AASHTO HL-93 design truck or
design tandem (LRFD 3.6.1.3.3). Single wheel loads and design lane load should not be applied.
The live load effect may be determined using the approximate method of analysis or the refined
methods of analysis, i.e. finite element modeling.

In the approximate method of analysis, the deck is divided into strips perpendicular to the
main longitudinal girders. The deck reinforcement is designed for the maximum positive and
negative moments in any regions in the deck. The equivalent width of an interior strip of a deck
may be obtained from Table 3.1. For decks spanning in a direction parallel to traffic, the strips’
widths are limited to 40.0” for open grids and 144.0” for all other decks. For decks spanning in a
direction transverse to traffic, the strips’ widths have no limits. The deck overhang may be
analyzed by replacing the outside row of wheel loads with a uniformly distributed line load of

1.0 kip per linear foot located at 1.0’ from the face of the railing.
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Table 3.1: Equivalent Strip Widths.

Adapted from “LRFD Bridge Design Specifications,” by AASHTO, 2012 p. 4-24.

Where:

S = spacing of supporting components (ft) +M = positive moment

h = depth of deck (in) -M = negative moment

L = span length of deck (ft) Sy = spacing of gtid bars (in)

X = distance from load to point of support (ft)
P = axle load (kip)
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The positive and negative moments in the deck due to the vehicular loads have been

calculated by AASHTO and presented in Appendix A4 of the LRFD. This table is reproduced in

Table 3.2 below.

Table 3.2: Maximum Live Load Moments per unit width, kip-foot per foot.

Adapted from “LRFD Bridge Design Specifications,” by AASHTO, 2012 p. 4-98.

Negative Moment

Doy Distance from CL of Girder to Design Section for Negative Moment

Moment 0.0 in. 3 in. & in. 9 in. 12 in. 18 in. 24 in.
4’ -0~ 4.68 2.68 2007 1.74 1.60 1.50 1.34 1.25
4’ -3” 4.66 2.73 2.25 1.95 1.74 1.57 133 1.20
4’ —6” 4.63 3.00 2.58 2.19 1.90 1.65 132 1.18
4’ -9” 4.64 3.38 2.90 2.43 2.07 1.74 1.29 1.20
& -0 4.65 3.74 3.20 2.66 2.24 1.83 1.26 L12
5¢ -3” 4.67 4.06 3.47 2.89 241 1.95 1.28 0.98
5! —6” 4.71 4.36 3.73 3.11 2.58 2.07 1.30 0.99
3 97 4.77 4.63 3.97 3.31 273 2.19 1.32 1.02
6’ 0" 4.83 4.88 4.19 3.50 2.88 231 1.39 1.07
6’ -3 491 5.10 4.39 3.68 3.02 242 1.45 1.13
6’ —6” 5.00 5.31 4.57 3.84 3.15 2.53 1.50 1.20
6’ -9 5.10 5.50 4.74 3.99 3.27 2.64 1.58 1.28
7’ =0~ 521 5.98 517 4.36 3.56 2.84 1.63 1.37
- -3 5.32 6.13 531 4.49 3.68 2.96 1.65 1.5]
7 —6” 5.44 6.26 543 4.61 3.78 3:1d 1.88 lf 2
7t -9 5.56 6.38 5.54 471 3.88 3.30 221 1.94
8 -0~ 5.69 6.48 5.65 4.81 3.98 343 2.49 2.16
8’ -3” 5.83 6.58 5.74 4.90 4.06 .58 2.74 230
g’ —6” 5.99 0.66 5.82 4.98 4.14 3.61 2.96 2.58
g’ —9” 6.14 6.74 5.90 5.06 4.22 3.67 3.15 2.79
9’ =0~ 6.29 6.81 5.97 5.13 4.28 3.71 3.31 3.00
9’ -3” 6.44 6.87 6.03 5.19 4.40 3.82 3.47 3.20
9’ —~6” 6.59 715 6.31 5.46 4.66 4.04 3.68 3.39
9’ -g” 6.74 7.51 6.65 5.80 4.94 4.21 3.89 3.58
10° -0 6.89 7.85 6.99 6.13 5.26 4.41 4.09 3.77
10° -3” 7.03 8.19 7.32 6.45 5.58 4.71 4.29 3.96
10 —6” 7.17 8.52 7.64 6.77 5.89 5.02 448 4.15
10° -9” .32 8.83 7.95 7.08 6.20 5.32 4.68 4.34
11’ ) 7.46 9.14 8.26 7.38 6.50 5.62 4.86 4.52
1’ —3” 7.60 9.44 8.55 7.67 6.79 5.91 5.04 4.70
% ~6” 7.74 9.72 8.84 7.96 7.07 6.19 522 4.87
i by 97 7.88 10.01 9.12 8.24 7.36 6.47 5.40 5.05
}2° -0~ 8.01 10.28 9.40 8.51 7.63 6.74 5.56 5.21
iz -3 8.15 10.55 9.67 8.78 7.90 7.02 5,75 5.38
2 —6” 8.28 10.81 9.93 9.04 8.16 7.28 5.97 5.54
12" -9” 8.41 11.06 10.18 9.30 8.42 7.54 6.18 5.70
13’ —0” 8.54 11.31 10.43 9.55 8.67 7.79 6.38 5.86
137 e i 8.66 11.55 10.67 9.80 8.92 8.04 6.59 6.01
13 —6” 8.78 11.79 10.91 10.03 9.16 8.28 6.79 6.16
2 ~0» 8.90 12.02 11.14 10.27 9.40 8.52 6.99 6.30
14 —0” 9.02 12.24 11.37 10.50 9.63 8.76 7.18 6.45
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Finite Element Design

In the finite element design, the flexural and torsional deformation of the deck should be
considered and the vertical shear deformation may be neglected (LRFD 4.6.3.2). The deck can
be assumed to act as an isotropic plate element where the thickness is uniform and the stiffness is
almost equal in all directions. It could be assumed to act as an orthotropic plate element, where
the flexural stiffness may be uniformly distributed along the cross-section of the deck and the
torsional rigidity is not contributed by a solid plate only. The refined orthotropic deck analysis
could also be used where direct wheel loads are applied to the deck structure. Three dimensional
shell or solid finite element model could be used for the refined orthotropic deck model utilizing
the following simplifying assumptions: linear elastic behavior, plane sections remain plane,

small deflection theory, residual stresses, and imperfections are neglected (LRFD 4.6.3.2.4).
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Analytical Modeling of Bridge Decks

As stated in the objective, 15 bridge models were analyzed to verify the feasibility of the
empirical design method based on AASHTO LRFD and the FDOT SDG — January 2009. The
models were first designed following the FDOT SDG requirements for bridge deck thickness of
8” minimum and deck concrete compressive strength. The superstructures were supported on
Florida-1 36 beams (FIB36) based on FDOT design standard 20036 and the Instructions for
Design Standards (IDS) Index 20010 Series Prestressed Florida-I Beams. Then the deck
thicknesses were increased to obtain favorable results for the empirical design. The 15 models
were established using three different span lengths of 70, 80, and 90 feet, with varying beam
spacing of 6, 8, 10, 12, and 14 feet. The five different typical sections, shown in Figures 4.1
through 4.5, were aimed to accommodate a minimum of 3 design lanes based on AASHTO
LRFD 3.6.1.1.1, with a constant overhang of 4’ on both sides. The beam ends were directly

lined up over 18” prestressed concrete square piles.

44'-0" Out/Out

41'-0" Curb/Curb
1'-6" a 8'-6" Shldr . 12'-0" Lane :_ 12'-0" Lane - 8'-6" Shldr n 1'-6"
Barrier >‘ Barrier
\ [ T~ I
\ ! AN \
| | i} |
| | |
\ \ |
4'-0" 7 - FIB 36 @ 6'-0" = 36'-0" 4'-0"
Overhang ‘ Overhang

Figure 4.1: Typical section for 6-foot beam spacing
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48'-0" Out/0ut

45'-0" Curb/Curb

I'-6" 10'-6" Shldr | 12'-0" Lane ! 12'-0" Lane ‘ 10'-6" Shldr 1'-6"
Barrier ’ ‘ Barrier
e
X K
W i [ B L v
] i i ] i [ |
4-0" 6 - FIB 36 @ 8-0" = 40'-0" 4-0"
Overhang Overhang
Figure 4.2: Typical section for 8-foot beam spacing
48'-0" Out/0ut
45'-0" Curb/Curb
16" _| | 10-6" Shidr 12-0" Lane _ _ 12-0" Lane _ 106" Shidr _| _ I'-6"
Barrier Barrier
1 H H [i] |
4-0" 5 - FIB 36 @ 10'-0" = 40'-0" 4-0"
Overhang Overhang

Figure 4.3: Typical section for 10-foot beam spacing
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44'-0" Out/0ut

41'-0" Curb/Curb

1'-6" 8-6" Shldr 12'-0" Lane 12'-0" Lane 8-6" Shldr 1'-6"
Barrier Barrier
‘—:
| \ R B
e j‘ e L= -“:'! — == : [ — = j“ ~ 3
| 4k | i\
L L ,
i | |
4-0" | 4 - FIB 36 @ 12-0" = 36'-0" 4-0"
Overhang Overhang
Figure 4.4: Typical section for 12-foot beam spacing
50'-0" Out/0ut
. 47'-0" Curb/Curb
16 _| | 116" Shidr 12-0" Lane | 12-0" lane ___ 11'-6" Shidr | 16"
Barrier T Barrier
e o o 4
S T | ok |
| il | s
L ‘ |
. | Fi 3
i | |
4-0" 4 - FIB 36 @ 14-0" = 42-0" 4-0"
Overhang ‘ Overhang

Figure 4.5: Typical section for 14-foot beam spacing

Prestressed FIB36 Beam Design and Load Rating

To obtain the live load deflections due to the AASHTO HL-93 vehicular load, the FIB36

beams were designed with SmartBridge to obtain the prestressing strands quantity, de-bonding

layout, and the shear reinforcement. The environmental classification was assumed to be

Extremely Aggressive based on the FDOT SDG Table 1.4.3-1 which requires a Class IV deck
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concrete. The concrete strength used was 5,500 psi, based on the FDOT Standard Specifications
for Road and Bridge Construction (Specs) Section 346-3, for Class IV concrete. The concrete
used for the Prestressed FIB36 beams was Class VI with a concrete strength of 8,500 psi, based
on the FDOT SDG Table 1.4.3-1, the FDOT Specs Section 346-3, and the IDS for Index 20010,
as shown in Figure 4.6. The reinforcing steel used for the deck and for the Prestressed FIB36
beams’ shear reinforcement was ASTM A615, Grade 60 as per the FDOT SDG 1.4.1-B. The
shear reinforcement layout at the ends of the FIB36 beams was in accordance with FDOT Index
20036 and the other regions spacing was designed following the beam Elevation details shown in
FDOT Index 20036. The prestressing strands used in the FIB36 beams were ASTM A416,
Grade 270, low-relaxation in accordance with Section 4.3.1-A of the FDOT SDG. A summary

of the materials used in the SmartBridge models is shown in Table 4.1 below.

40



EVALUATION OF THE EMPIRICAL DECK DESIGN

{1) 8upeds weag

(4} 118 g 9

0§
S8

9

L

98

207

21240U0D ISY §'8 YNM SHWIT 1Od4 IUsBWUOIIAUT aAIssa4BBY AlawanxT ,

WJE 9l

«St 8

WFS aild

LE9 914

L2 8l

«8£ 891

L2 ald

496 914

sy18ua] ueds wnwixela] palew|isj weag |-epluold pue || 3dAL O1HSVYY

11 3dAL OLHSYY

0s

09

0L

- 08

o0&

00t

o1t

174

0L

orL

oSt

091

0LT

08t

061

002

01z

{*1) ueds weag xeAl

Figure 4.6: FIB36 Beam Maximum span lengths.

Adapted from “IDS 20010” by FDOT, 2014.
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Table 4.1: Material properties used in SmartBridge models

Concrete Properties
ID Type Wec (pcf) fc' (ksi) Ec (ksi) Aggr. size {in.)
Concrete 8.5 Beams Normal 150.00 8.50 5030.40 1.50
Concrete 5.5 Deck Normal 150.00 5.50 384583 1.50
Prestress Steel Properties
ID Type Dia {in.) Area (in*2) fpu (ksi) fy (ksi) E (ksi)
610 Low Relaxation 0.600 0.217 270 243 29000
Reinforcing Steel Properties
ID Dia {in.) Area (in*2) fy (ksi) E (ksi)
#5 Gre0 0.625 0.310 60 29000
#5 Gre0 0.750 0.440 60 29000

Each typical section was input as a unit model with 3 different span lengths of 70°, 80’, and 90°.
Then the design was refined to obtain an operating rating factor of 1.4 or greater as required by
the FDOT Bridge Load Rating Manual (BLRM). Each unit model had a total length of 240’
with 3 simply supported spans and Type K typical section based on LRFD Table 4.6.2.2.1-1.
The superstructures used in SmartBridge are shown in Table 4.2, showing the varying beam

spacing, type of section, unit length, number of spans, and continuity.

Table 4.2: Superstructure information used in SmartBridge models

Unit . . . Number L
Unit Group Unit Type Unit Length {ft) o Continutity

Index Spans
1 6 foot spacing PC Girder with Deck (K) 240 g | Sleplesuppontedioril. and
2 8 foot spacing PC Girder with Deck (K) 240 g |PImPICSUAPCHELOTEL A
3 10 foot spacing PC Girder with Deck (K) 240 3 |Simple Supported for DL and
4 12 foot spacing PC Girder with Deck (K) 240 5 | SimpleSippadediorbl and
5 14 foot spacing PC Girder with Deck (K) 240 3 (SUmpESUERoHET DL dnd

Each superstructure was designed with condition factor of 1.0 and a system factor of 1.0, for new

design and section type respectively, based on the FDOT BLRM. Additional loads of 15 psf and
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20 psf, for the future wearing surface and the stay-in-place forms respectively, were added in

accordance with the FDOT SDG Table 2.2-1, as shown in Table 4.3.

Table 4.3: Unit geometry used in SmartBridge models

Total Length (ft): 240.00 Total Width (ft): 44.00
Condition Factor 1.00 System Factor 1.00
Wearing %lslsrg\:ce weight 15.00 Stay-in-pla(t’:)esff)c:)rm Weight 2000
Left Overhang (ft): 4.00 Right Overhang (ft): 4.00
Left Curb Width {ft): 1.50 Right Curb Width {ft): 1.50
Lane Width (ft): 12.00 Number of Lanes 3.00
Deck Properties
Concrete Type Concrete 5.5 Deck Structural Thickness {in.) ‘ 8.00
Actual Thickness (in.) 8.00
Spans
Index Length (ft) Left Skew (deg) Right Skew (deg)
1 70 0 0
2 80 0 0
3 90 0 0

Figures 4.7, 4.8, and 4.9 show the typical section, the prestressing strand layout, de-bonding

pattern, and the shear reinforcement layout for the 6-foot beam spacing with a 70-foot span

length.

4 6 6 6 6 Ty
44'

- J
Girder Girder Type Spacing (ft) Bearing2Bearing (ft) Precast Length (ft)
Girder1 GirderGroup1 NFA 68.00 70.00
Girder2 GirderGroup1 6.00 65.00 70.00
Girder3 GirderGroup1 6.00 69.00 70.00
Girderd GirderGroup1 6.00 69.00 70.00
Girder5 GirderGroup1 6.00 69.00 70.00
Girder6 GirderGroup1 6.00 69.00 70.00
Girder7 GirderGroup1 6.00 69.00 70.00

Figure 4.7: Typical section used in SmartBridge models
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Strand @
Debonded(ft) A 1
No.Of No.Of
il Strands lli Strands
3 17 3 17
5 8 ) 5
Total 22
LR B N LR B
® 9 8 2 9 9 A0 A0 A0 000000 ® @080 &0 00 0080000000
End-span View Mid-span View
Side View
Figure 4.8: Strand layout and debonding pattern used in SmartBridge models
5@3.5" 12@6" 15@12"
5 12@3" 12@9"
Index Start X (ft) End X (ft) Spacing (in) No. of Bars Size Type
1 0.21 1.38 35 5 #6 Gre0 4-leg
2 1.63 4.38 3 12 #5 Gre0 1-leg
3 4.88 10.38 & 12 #5 Gré0 1-leg
4 11.13 19.38 o 12 #5 Gre0 1-leg
5 20.38 34.38 12 15 #5 Gré0 1-leg

Figure 4.9: Shear reinforcement layout used in SmartBridge models

The AASHTO vehicular live load deflection results obtained from the SmartBridge design and

the finite element models, showed consistent results as the beam spacing increased by 2 feet.

Table 4.4 and Figures 4.10 through 4.14 summarize the live load deflection results.
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Table 4.4: LL Deflection

Span Length (ft)

Beam Span Smart Finite
Spacing | Length Bridge | Element
(FT) (FT) Design Model
6 70 -0.388 -0.204
6 80 -0.577 -0.280
6 90 -0.814 -0.371
8 70 -0.429 -0.241
8 80 -0.638 -0.325
8 90 -0.899 -0.423
10 70 -0.467 -0.276
10 80 -0.693 -0.372
10 90 -0.977 -0.510
12 70 -0.503 -0.309
12 80 -0.746 -0.417
12 90 -1.051 -0.540
14 70 -0.537 -0.338
14 80 -0.797 -0.457
14 90 -1.122 -0.592
(0] T T T 1
i 70 80 90 100

Pt s

]

E -0.4 .\.\l

£ \ =g=—=5SmartBridge

o 0F \ ——FE Model

= s 5

Figure 4.10: LL Deflection for 6-foot beam spacing
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O T T T 1
60 70 80 90 100
_ 02
&
= -0.4 -
£ =¢=SmartBridge
S 06
= \ =i—FE Model
=
-0.8 N
-1
Span Length (ft)
Figure 4.11: LL deflection for 8-foot beam spacing
O T T T 1
02 60 70 80 90 100
£ 04 —
= -0.
£ .06 \ \. == SmartBridge
3
% 08 \ ~@—FE Model
& N
-1
-1.2
Span Length (ft)
Figure 4.12: LL deflection for 10-foot beam spacing
O T T T 1
02 60 70 80 90 100
E
< -04 .\.\.
% -0.6 \\ —¢—SmartBridge
S 038 \ —@—FE Model
=]
-1 ‘
-1.2
Span Length (ft)

Figure 4.13: LL deflection for 12-foot beam spacing
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02 80 90 100

70
-0.4 - L
0.6 . \.\. ==¢==SmartBridge

-0.8 == FE Model

Deflection (in)

-1.2

Span Length (ft)

Figure 4.14: LL deflection for 14-foot beam spacing

Empirical Deck Analysis and Design

The 15 bridges were checked to verify whether they meet the empirical method
requirements based on the FDOT SDG — January 2009, Section 4.2.4 and the AASHTO LRFD
Section 9.7.2.4. The FDOT SDG Section 4.2.4, states that if the structure meets the criteria in
LRFD 9.7.2.4, the deck slabs may be designed using the empirical design method with some
variation to the reinforcing steel provided in the deck. Instead of a reinforcing area of 0.27 in’
per foot in the bottom layer and 0.18 in” per foot in the top layer, use no. 5 bars at 12 inches in
both directions in the top and the bottom layers. This would result in a reinforcing area of 0.31
in? per foot in the top and bottom layers.

Since the 8 inch deck thickness did not result in favorable results for the finite element
models, thicker decks had to be analyzed based on the beam spacing and span length. The 8-
foot, 10-foot, 12-foot, and 14-foot beam spacing models met all the empirical design method
conditions with the 8 inch deck thickness and the modified thicker decks. The 6-foot beam
spacing bridges did not meet all the conditions of the empirical method. The condition that
failed was the ratio of effective length to design depth which required this ratio to be between 6
and 18, as shown in Equation 5. This was due to the larger top flange width of 48 inches of the
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FIB36 beams. In order to correct this issue, the deck thickness was reduced to 7” for the 6-foot
beam spacing models, as shown in Equation 6.

DeCkDesignDepth =8in

Eff_Len_to_Design_Thick_Ratio = Deckggfrengtn/DeCkpesignpeptn (5)
Eff_Len_to_Design_Thick_Ratio = 5.563

DeCkDesignDepth =71in

Eff_Len_to_Design_Thick_Ratio = Deckgsfrengtn/DeCkpesignpepth (6)

Eff_Len_to_Design_Thick_Ratio = 6.357

The empirical method conditions and final design are summarized in Appendix A and B.

Traditional Deck Analysis and Design

The deck of the 15 bridge models were designed following the traditional deck design,
also known as equivalent strip method, as continuous beams for the negative and positive
moments. The exposure condition for crack control was assumed to be Class 1 in accordance
with LRFD 5.7.3.4. The negative moments’ design section was calculated based on LRFD. The
live load design moments were obtained from AASHTO LRFD Appendix A4 shown in Table
3.2. The dead load positive and negative moments due to the deck self-weight and the FDOT
Type-F Barrier, and the future wearing surface positive and negative moments were obtained

from a STAAD.Pro VS8i line model, as shown in Figure 4.15.

48



EVALUATION OF THE EMPIRICAL DECK DESIGN

o I‘“F LMM"* | “ ummlkq w::',a: .‘l:a' LS. HmmLh* ST]:AL:;;,J.. = Lq‘ :

Whole Structure Mz 3kip-in:1ft 1 DC COMPONENTS DEAD LOADS

|
|
| blﬁ}v A40 Kip-in .""

\ 1 /
A M /

.\. J,.’"'I \ II."‘T;I IIIII 1 < 0,805 kipdn _"IIII I‘I" / II IIII %: 0805 Kip-in \
.A [Lmkipq J | ‘ Iq;*ajlp-* LHL MHH’ {l P"LHHH \.I | i. f}lr.i 1 g\'[“ o LL

lip-l} .

 Kip-in

Whole Structure Mz 0. 12kip-in.1ft 2 DW FWS DEAD LOAD

Figure 4.15: STAAD.Pro V8i Model showing DC and DW moments for 6-foot beam spacing

The dead load moment and live load moment were combined to calculate the maximum
service moment and strength moment, using Equations 7 and 8.
Mjervice = max (Mpc pos + Mpw pos + Mii pos» Mpc neg + Mpw neg + MLL neg )
(7N
Mstrengen = max (1.25Mp¢ pos + 1.50Mpy pos + 1.75My pos,

1.25Mp¢ neg + 1.50Mpy neg + 1.75Mf Neg ) ®)
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The flexure reinforcement was designed for the ultimate moment in the deck, which is the
minimum of 1.2 x cracking moment and 1.33 x strength moment, as shown in Equation 9.
Mu = Mstrength if Mstrength =12 Mcr

M, = min(1.33Mstrength, 1.2 Mcr) otherwise 9)

The cracking moment was calculated using Equation 10.

My = (fr Ig)/Yt (10

Where: M., = cracking moment
f»= modulus of rupture = 0.24 \/f’c
I, = moment of inertia = b h®/12

v; = dist. from extreme tensile fiber to neutral axis = h/2

Then the section was checked if it was tension or compression controlled to determine the
strength reduction factor ([]) for the flexural resistance based on LRFD 5.7.2.1 and 5.7.2.2. The
moment capacity was checked for the reinforcing steel provided using Equation 11.
checkMoment = OK if @M,, = M,,

checkMoment = No Good if OM,, < M, (11)

OM,, = Oy Asmain fy(de —a/2)

Where: a = depth of equivalent rectangular stress block = (A, f,/0.85 . b)
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The stress in the reinforcing steel was also computed at the service limit state using Equation 12.

fss = Mservice/[Asmain(de — x/3) (12)

Where: d, = dist. from extreme compression fiber to centroid of rebars =
d, = h — cover — (dparbarmgin/2)
flx)=( xz/ZAsMainn) +x —d.

x = depth of neutral axis = root (f(x),x,0,d,)

A sample of the traditional design method is included in Appendix C and D.

Finite Element Modeling

The 15 bridges were analyzed using three-dimensional linear finite element models that
include all elements of the structure such as traffic railings, deck, beams, caps, and piles. The
decks were modeled as 4-noded (quadrilateral) plates with varying thicknesses based on the
beam spacing and span length and also included the thickened slab end based on the FDOT SDG
section 4.2.13. The deck plates used were 2°x2’ and were generated in STAAD.Pro V8i using the
mesh generation facility. Figure 4.16 shows the sign convention of the deck plates in

STAAD.Pro V8i in the local plate coordinate system.
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: Plate sign convention used in STAAD.Pro V8i
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The FIB36 beams, the FDOT F-Shape barrier, the bent cap, and the piles were modeled
as beam/column elements in STAAD.Pro V8i. The FIB36 beams and the F-Shape barrier were
built as special element using the user defined table with geometry matching the FDOT Design
Standards Index 20036 and Index 420 for the FIB36 beams and F-Shape barrier respectively as

shown in Figures 4.17 and 4.18.
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General - | %

Section Name : FIB-36

|| A 810187 in2 Sz: 654414 in3 ||
D: 36 in Sy: 3391.76 in3
TD: 0 in Ay 602252 in2
B: 48 in Az: 230706 in2
TB: 0 in Pz: 9253.32 in3
lz: 127743 ind Py: 647654 i3
: 314022 ind HSS: 1.12244e+007 in6
Define Frofile Polygon ¥ o : i
Z(in) Yiiny g be: 310622 ind DEE: 36 in
1 19.000000 ;16475700 |
Z {8.000000 " -8.476730 e
3 JiZlio0000 ' 8.104730 | it ;'_“5 e C"Y" Hhs
r “gsoooo0 3 72e730 | : {in) (i)
5 5750000 -D.604728 5
G 4135000 3 270270 =
7 3506000 7.305270 <
5 3500000 11.020300
9 7006000 14.520300
10 |-24.000000 " 16020300
1 | 24000000 " 19.520300
12 | 24000000 19520300 ¢
Compute Section Properties ] OK ] [ Cancel
\ J

Figure 4.17: FIB36 beam geometry in STAAD.Pro V8i
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[7] Define Profile Polygon b - &
Z(in) Y(in) be: 143655 ind DEE: 32 in
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; 4 54s0220 2150480 (in} (in)
5 -3.480220 17.224501 ;
6 7266780 1 17224501
1 7 7.285780 5.224520 i
IR 6015780 3.574530
3 6016780 (14775500
[ Compute Section Properties ] oK ] [ Cancel

Figure 4.18: F-Shape barrier geometry in STAAD. Pro V8i
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The dead loads applied in the finite element models included the selfweight of all the
element of the structure. The stay-in-place forms load was applied as a uniform pressure
between the beams’ top flanges while the future wearing surface load was applied as a uniform
pressure between the curb lines. In order to obtain the maximum live load effect, the HL-93
design truck was modeled as a moving load on the deck surface in the longitudinal and

transverse directions at one foot increments.

Figure 4.19: Three-dimensional finite element model

Figure 4.20: Typical section of three-dimensional finite element model
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The service moments due to live load, dead loads (including stay-in-place forms) and
future wearing surface were output in STAAD. Pro V8i separately and then imported to the
Mathcad sheet to design the flexure reinforcement in the deck, check the deck for cracking and

check the tensile stresses in the reinforcing steel.

b

Figure 4.21: Finite element model showing HL.-93 moving load on deck

3
H

{ |
gk

PRIy

Figure 4.22: Finite element model showing maximum positive moment in the deck
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Interpretation of Results

Initially all 15 models were analyzed with 8” thick deck based on the FDOT SDG
Section 4.2 requirements which states that for new bridge construction of short bridges, the deck
thickness shall be a minimum of 8 inches for cast-in-place concrete with no sacrificial surface
deduction. Short bridges are defined as having a Profile Grade Length, between front faces of
backwalls, of less than or equal to 100 feet. The main reinforcing steel ratio (p) required was
summarized in Table 4.5, and showed that the reinforcing steel ratio obtained from the finite
element models was well above the 0.454% (for No. 5 at 127) set by the FDOT SDG for the
empirical design with deck thickness of 8 inches, except for the case of 8-foot beam spacing with
70-foot span length.

Table 4.5: Required main reinforcing steel ratio for 8” thick decks

Required Main Reinforcing Steel Ratio / Layer (p)
o . prequired:
s?)(:mg LiﬁZ?h Thitc);?ﬁzss OV?,EQ’;‘”Q o ngﬁig?{al Epr;fguiirrfgél clante
(FT) (FT) (in) Design Design Design
70 8.00 4 No. 5 0.530% No Good* 0.424%
6 80 8.00 4 No. 5 0.530% No Good* 0.424%
90 8.00 4 No. 5 0.530% No Good* 0.488%
70 8.00 4 No. 5 0.634% 0.454% 0.439%
8 80 8.00 4 No. 5 0.634% 0.454% 0.513%
90 8.00 4 No. 5 0.634% 0.454% 0.584%
70 8.00 4 No. 5 0.777% 0.454% 0.498%
10 80 8.00 4 No. 5 0.777% 0.454% 0.583%
90** 8.00 4 No. 5 0.777% 0.454% 0.665%
70 8.00 4 No. 5 0.931% 0.454% 0.529%
12 80 8.00 4 No. 5 0.931% 0.454% 0.628%
90** 8.00 4 No. 5 0.931% 0.454% 0.727%
70** 8.00 4 No. 5 1.065% 0.454% 0.528%
14 80** 8.00 4 No. 5 1.065% 0.454% 0.655%
90** 8.00 4 No. 5 1.065% 0.454% 0.760%

* Does not meet all empirical design conditions
** Falls outside the FDOT IDS 20010 limitations
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The average reinforcing steel ratio (p), for the 8-inch thick decks, was plotted versus the
beam spacing and showed that the required reinforcing steel ratio obtained from the finite
element models is between the required reinforcing steel ratios obtained from the traditional

method and the empirical method, as shown in Figure 4.23.

Avg p vs beam spacing for 8-inch thick decks
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Figure 4.23: Average (p) vs beam spacing for 8-inch thick decks

In order to improve the results and obtain lower reinforcing steel ratio in each layer, the
deck thicknesses had to be modified. The deck thickness was changed based on two variables;
the beam spacing and the span length. Starting with the 6-foot beam spacing, the deck had to be
reduced to 7.0” to meet the AASHTO empirical design conditions. For the 8-foot beam spacing,
with span lengths of 70°, 80" and 90’, the deck thickness was 9.0”, 9.0”, and 9.5” respectively
with a reinforcing ratio of 0.334%, 0.334%, and 0.330% per layer. For the 10-foot beam

spacing, with span lengths of 70°, 80’, and 90’, the deck thickness was 9.0, 9.5, and 10.0”
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respectively with a reinforcing ratio of 0.334%, 0.331%, and 0.342% per layer. For the 12-foot

beam spacing, with span lengths of 70°, 80°, and 90°, the deck thickness was 9.0, 9.5”, and

10.0” respectively with a reinforcing ratio of 0.339%, 0.360%, and 0.381% per layer. For the

14-foot beam spacing, with span lengths of 70°, 80, and 90’, the deck thickness was 9.5, 10.0”,

and 10.0” respectively with a reinforcing ratio of 0.325%, 0.340%, and 0.400% per layer. The

main reinforcing steel spacing provided is summarized in Table 4.6.

Table 4.6: Main reinforcing steel spacing for varying deck thickness

Main Reinforcing Steel Spacing Provided (inches) / Layer (Spamain)

Beam Span Deck Overhang Bar Spamain: Spamain: Slgii?‘taé":
S;zgg:ri)ng L((eg%th Thic(:iknr;ess (FT) Size Trggist:onal Empirical Element
gn Design Design

70 7.00 4 No. 5 9.0 12.0 12.0

6 80 7.00 4 No. 5 9.0 12.0 12.0

90 7.00 4 No. 5 9.0 12.0 12.0

70 9.00 4 No. 5 8.5 12.0 12.0

8 80 9.00 4 No. 5 85 12.0 12.0

90 9.50 4 No. 5 8.5 12.0 12.0

70 9.00 4 No. 5 7.0 12.0 12.0

10 80 9.50 4 No. 5 7.0 12.0 12.0

90** 10.00 4 No. 5 7.0 12.0 11.0

70 9.00 4 No. 5 55 12.0 12.0

12 80 9.50 4 No. 5 5.5 12.0 11.0

90** 10.00 4 No. 5 5.5 12.0 10.0

70** 9.50 4 No. 5 5.0 12.0 12.0

14 80** 10.00 4 No. 5 5.0 12.0 11.0

90** 10.00 4 No. 5 5.0 12.0 9.0

** Falls outside the FDOT IDS 20010 limitations

The main reinforcing steel ratio was calculated for the three design methods and

summarized in Table 4.7 and showed that the reinforcing steel ratios obtained from the finite
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element model agree for the most part with the reinforcing steel ratio obtained from the empirical

method.
Table 4.7: Required main reinforcing steel ratio for varying deck thickness
Required Main Reinforcing Steel Ratio / Layer (p)

Beam n Deck rod: vegt | Preuirea:
Spacing | Lengin | Trckness | OVertang | Bar | pficn, | g | e
(FT) (FT) (in) Design Design Design

70 7.00 4 No. 5 0.530% 0.498% | 0.389%
6 80 7.00 4 No. 5 0.530% 0.498% | 0.415%
90 7.00 4 No. 5 0.530% 0.498% | 0.475%
70 9.00 4 No. 5 0.634% 0.359% | 0.334%
8 80 9.00 4 No. 5 0.634% 0.359% | 0.334%
90 9.50 4 No. 5 0.634% 0.336% | 0.330%
70 9.00 4 No. 5 0.777% 0.359% | 0.334%
10 80 9.50 4 No. 5 0.777% 0.336% | 0.331%
90** 10.00 4 No. 5 0.777% 0.316% | 0.342%
70 9.00 4 No. 5 0.931% 0.359% | 0.339%
12 80 9.50 4 No. 5 0.931% 0.336% | 0.360%
90** 10.00 4 No. 5 0.931% 0.316% | 0.381%
70** 9.50 4 No. 5 1.065% 0.336% | 0.325%
14 80** 10.00 4 No. 5 1.065% 0.316% | 0.340%
90** 10.00 4 No. 5 1.065% 0.316% | 0.400%

** Falls outside the FDOT IDS 20010 limitations

The average reinforcing steel ratio (p), for the decks with other thicknesses, was plotted

versus the beam spacing and showed that the required reinforcing steel ratio obtained from the

finite element models converges with the required reinforcing steel ratios obtained from the

empirical method, as shown in Figure 4.24.
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Avg p vs heam spacing for other deck thickenesses
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Figure 4.24: Average (p) vs beam spacing for other deck thicknesses

The cracking moment in the decks were calculated at service load and compared to the
allowable cracking moment calculated in Equation 10. Based on the reinforcing steel provided
in the decks, none of the deck showed cracking at service loads. The tensile stress in the
concrete deck at service was obtained for the STAAD. Pro V8i model plate element stresses. Then
it was compared to the allowable concrete modulus of rupture. The tensile stress in the
reinforcing steel at service limit state was also calculated in the Mathcad sheet and then
compared to the allowable stress in the rebars at operating level which is 36.0 ksi. The results
showed that none of the decks analyzed in the finite element models showed any overstressing of

the concrete in tension or overstressing of reinforcing steel in tension.

61



EVALUATION OF THE EMPIRICAL DECK DESIGN

Table 4.8: Deck cracking check at service

Check Cracking in Concrete Deck at Service Limit State
for Finite Element Models
(Mservice < Mc; => OK)
Beam Span Deck Mservice: Meraciang: ‘
Spadng | Lenghh | Thckness | etk | Nioment | Wi | Momen
(kip. fUfty | (kip. fu/ft)
70 7.00 2.939 4.597 0.64 OK
6 80 7.00 3.476 4.597 0.76 OK
90 7.00 3.975 4.597 0.86 OK
70 9.00 4.564 7.598 0.60 OK
8 80 9.00 5.356 7.598 0.70 OK
90 9.50 6.266 8.466 0.74 OK
70 9.00 5.282 7.598 0.70 OK
10 80 9.50 6.333 8.466 0.75 OK
90** 10.00 7.527 9.381 0.80 OK
70 9.00 5.739 7.598 0.76 OK
12 80 9.50 7.010 8.466 0.83 OK
90** 10.00 8.507 9.381 0.91 OK
70** 9.50 6.347 8.466 0.75 OK
14 80** 10.00 7.659 9.381 0.82 OK
90** 10.00 9.023 9.381 0.96 OK

** Falls outside the FDOT IDS 20010 limitations
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Check Tensile Stress (f) in Concrete Deck at Service Limit State
for Finite Element Models

(f, < f,) (AASHTO LRFD)

fi:

fr

s?):mg L?eﬁg?h Thli:c):}(i?]ZSS Tensile M%gjlicof fu/f, | Sheck
(FT) (FT) (in) : Rupture
(psi) (psi)

70 7.00 157.934 562.85 | 0.28 | OK

6 80 7.00 172.305 562.85 | 0.31 | OK

90 7.00 187.882 562.85 | 0.33 | OK

70 9.00 170.760 562.85 | 0.30 | OK

8 80 9.00 185.456 562.85 | 0.33 | OK

90 9.50 197.189 562.85 | 0.35 | OK

70 9.00 198.263 562.85 | 035 | OK

10 80 9.50 216.109 562.85 | 0.38 | OK

90 10.00 247.087 562.85 | 0.44 | OK

70 9.00 223140 562.85 | 0.40 | OK

12 80 9.50 245.079 562.85 | 0.44 | OK

90 10.00 262.523 562.85 | 0.47 | OK

70~ 9.50 245.008 562.85 | 0.44 | OK

14 80** 10.00 271.019 562.85 | 0.48 | OK

90 10.00 291.832 562.85 | 0.52 | OK

** Falls outside the FDOT IDS 20010 limitations
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Table 4.10: Reinforcing steel tensile stress check at service

Check Tensile Stress in Reinforcing Steel at Service Limit State (fss)
for Finite Element Models
(fss < 36 ksi for Grade 60 Rebars) (AASHTO MBE)
Beam Span Deck fss: Rebars R;gle:irs
Spacing Leﬁgth Thickness TSetnsiIe Allowable f]fs/ Ctheck
(FT) (FT) (in) (gss Stress al | SWESS
(ksi)
70 7.00 23.883 36.00 0.66 OK
6 80 7.00 28.247 36.00 0.78 OK
90 7.00 32.302 36.00 0.90 OK
70 9.00 26.457 36.00 0.73 OK
8 80 9.00 31.048 36.00 0.86 OK
90 9.50 33.885 36.00 0.94 OK
70 9.00 30.619 36.00 0.85 OK
10 80 9.50 34.247 36.00 0.95 OK
90** 10.00 35.061 36.00 0.97 OK
70 9.00 33.268 36.00 0.92 OK
12 80 9.50 34.850 36.00 0.97 OK
90** 10.00 35.790 36.00 0.99 OK
70** 9.50 34.323 36.00 0.95 OK
14 80** 10.00 35.676 36.00 0.99 OK
90** 10.00 34.626 36.00 0.96 OK

** Falls outside the FDOT IDS 20010 limitations

The results obtained from the developed FE models indicated that the reinforcing steel
ratio is closer to that of the empirical method and much lower than that of the traditional method.
Similar results were obtained from previous studies and tests on deck reinforcement. These
studies also indicated that the decks are over designed with high steel reinforcement ratios with
safety factor of 10.0 when using the traditional method and a safety factor of 8.0 when using the

empirical method (AASHTO LRFD). Tests conducted for the Michigan DOT showed that the
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stress levels in the reinforcing steel were very low for decks designed using the empirical method
(Nowak et al., 2003) which also confirms the feasibility of the finite element models analyzed in

this study.
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Conclusions and Recommendations

Based on the findings of this report, the 15 bridge models were analyzed successfully
with the three-dimensional linear finite element software with moving live loads. The initial
results, when using the 8-inch thick concrete plate elements, showed that the reinforcing steel
ratio obtained from the finite element models was well above the 0.454% (for No. 5 at 12”) set
by the FDOT SDG for the empirical design except for the case of 8-foot beam spacing with 70-
foot span length.

The deck thicknesses for the finite element models were then modified to reduce the
reinforcing steel ratio. That resulted in the reinforcing steel ratios obtained from the finite
element model agreeing for the most part with the reinforcing steel ratio obtained from the
empirical method. The models that had slightly higher reinforcing steel ratio from the finite
element method than the empirical method were the ones that did not meet the FDOT IDS 20010

limitations for beam spacing and span length when using the FIB36 beams.

Conclusions

The following are the conclusions based on this study:

e The finite element models showed the feasibility of using empirical design method, when
using thicker decks (>8”).

e The reinforcing steel ratio obtained from the finite element method matched the
reinforcing steel ratio obtained from the empirical method for the most part.

e The results obtained from the finite element method showed that the empirical design is
an acceptable and solid method that should provide sufficient reinforcing steel to control

cracking in the reinforced concrete decks.
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e The empirical deck design method could be considered for future use on FDOT bridge
decks since it would result in a more economical design than the traditional method.

e FDOT should consider using thicker decks for beam spacing between 8 and 14 feet for
the empirical method. Other States have used the empirical design method successfully
with thicker decks: Idaho: 10” with beam spacing of 13.5’, Louisiana: 9.5 with beam
spacing of 12.0’, New Jersey: 10.75” with beam spacing of 13.0’, and New York: 9.5”
for any beam spacing.

e The success of using the empirical design method could result in material saving by using
less amount of reinforcing steel in the reinforced concrete decks as shown in the

reinforcing steel ratios results.

Recommendations
The following are recommendations presented to FDOT for future work:

e FDOT should consider testing full scale bridges to verify the reinforcing steel ratio
results obtained from this study. The full scale bridges could consist of four options, as
follows:

o Span length of 45.0’ and beam spacing of 10.0’
o Span length of 45.0’ and beam spacing of 12.0°
o Span length of 60.0’ and beam spacing of 10.0’

o Span length of 60.0’ and beam spacing of 12.0’

e FDOT should investigate creating a deck design standard for decks that meet the

empirical design conditions set by the AASHTO LRFD.
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e Since this study was limited to the FIB36 beams, FDOT should consider conducting
additional research/analysis using other FIB beams with longer spans to verify the
reinforcing steel ratios in the concrete decks. The span length and beam spacing should

be based on the FDOT IDS 20010.
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Appendix A: Empirical design method sample, 6-foot beam spacing
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EMPIRICAL DECK DESIGN

Codes and Specification

s "AASHTO LRFD BEridge Design Specifications "American Association of State Highway and
Transportation Officials (AASHTO), 6th Edition, 2012 with Interims through 2013,

¢ 'Florida Department of Transportation Structures Design Guidelines for Load and
Resistance Factor Design," January 2013 Edition.

« 'Florida Department of Transportation Design Standards”, 2014.

Unit Definitions:
‘ Ibf F ; :
= —" m:z 1000ps1 m: 1000-1bf

ft’
[yl Reinforcing Dimensions

Deck Design:
Bridge Length Definitions (SDG 4.2.1)

For establishing profilograph and deck thickness requirements, bridge structures are defined as Short Bridges or Long
Bridges. The determining length is the length of the bridge structure measured along the Profile Grade Line (PGL) from
front face of backwall at Begin Bridge to front face of backwall at End Bridge of the structure. Based upon this
established length, the following definitions apply.

A. Short Bridges: Bridge structures less than or equal to 100 feet in PGL length.

B. Long Bridges: Bridge structures more than 100 feet in PGL length.

Input
(NOTE: For deck slabs, use same reinforcement Top & Bot Do not include Integral Wearing Surface in "h" OR "cover”)
Variables:
S Foues S (Use 2, 3, 4, 5,6, FBT72, FBT78, FIB36, FIB45, FIB54,
ype: cam ; : FIB63, FIBT2, FIB78)
Beam Spacing: Shaam = 6ft + 0.0i
Overhang: [Overhang := 4ft + 0.0
Begin Bridge Station: Beging,, == Of

End Bridge Station:

i

st

Skew Angle; Skewmg]c: 0-de;
PGL _Length:= (Endg, - Beging,) = 701t
Bridge Def := if (PGL_Length < 100ft," Short Bridge" ,"Long Bridge" ) Bridge Def = "Short Bridge"

CowsersgeghantiDotuments\Scnaol FileCON 6570 Master's ThesisEmaincal
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EVALUATION OF THE EMPIRICAL DECK DESIGN

EMPIRICAL DECK DESIGN

Deck Thickness Determination:

[T Beams := "NO"| [New Const := "YES"|

Deck Thickness := if(T_Beams = "YES" ,6.5in,if (New Const = "YES" ,if (Bridge Def = "Short Bridge" ,7in,%.5in)," Check widening" ))
Deck Thickness = 7.1n
D“k])esignl)epﬂi = Deck Thickness

[}l Beam Properties

Constants:

Top Flange Width: bie = 48-in

Web Width: t,, = 7-in

DeckEffectiveLength == (Sbeam ~ tw) ~ (b = )05 LRFD 9.7.2.3 for definition of effective length

Deckﬁffedivel,engrh =370kt

Deck Design (SDG 4.2.4)

Empirical Design Method: For Category 1 structures meeting the criteria in LRFD [9.7.2 4] and are not subject to either
staged construction or future widening, design deck slabs by the Empirical Design method of LRFD [9.7.2]. In lieu of the
reinforcing requirements of LRFD [9.7.2.5], use no. 5 bars at 12-inch centers in both directions in both the top and bottom
layers. Place two additional Mo. 5 bars between the primary transverse top slab bars (4-inch nominal spacing) in the slab
overhangs to meet the TL-4 loading reguirements for the FDOT standard traffic railings. Extend one of the additiocnal bars
to the midpoint between the exterior beam and the first interior beam; extend the second additional bar 36-inches beyond
this midpoint. The maximum deck overhang is 6 feet, measured from the centerline of the exterior beam.

Skew Reinforcement: (SDG 4.2.11) (LRFD9.7.1.3)

Transverse Skew Reinf Placement := if (Skcw,

angle < 15deg . "Parallel to skew entire slab length" ,"Prependicular to CL_span" )

Transverse Skew Reinf Placement = "Parallel to skew entire slab length"

Additional Longitudinal Reinf := il'(fi'»ke:\'\-'a"g|e < 15deg,"Not Needed" " #5 @6" along span -both ends” )

Additional Longitudinal Reinf = "Not Needed"

Additional Trans Reinf := 11'(Skew,

angle < 15deg,"Not needed” ," Three #5 bars @6", full width,parallel to skew, top mat,each end " }

Additional Trans Reinf = "Not needed”

CowsersgeghantiDotuments\Scnaol FileCON 6570 Master's ThesisEmaincal
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EVALUATION OF THE EMPIRICAL DECK DESIGN

EMPIRICAL DECK DESIGN

Conditions to be satisfied to use the Empirical Design Method;

0- Structure is category 1 as defined in PPM 26.3.1

1- Diaphragms used throughout the cross-section at line of support:

2- Supporting Components are made of steel and/or concrete

3- Deck is fully cast in place and water cured

4- Deck is of uniform depth except for haunches at girder flanges and other local thickening:

5- Ratio of effective length to design depth:

DMkDemgnDepth =T-n

Decky; Rl
I om0 Dhesign, Thiok. Haip s= —— 2o clongly

DeckpyesignbDepth
Eff Len to Design_Thick Ratio = 6.357

Conditiong := if(18 = Eff_Len_to_Design_Thick_Ratio = 6,"YES","NO")

6- Slab core depth:
Deck_Thickness = 7-in
cover := 1.5in
slab core depth := Deck Thickness — 2-cover slab _core depth = 4.n

Collclitjmﬁ = if (slab_core depth = 4in,"YES" ,"NO" )
7- Effective Length:
Condition, : if'(neckEffemeLengm < 13.5f,"YES" ,"‘NO"]

8- Minimum slab depth:
Deck Thickness = 7.n

Ccmdition8 = if (Deck Thickness = 7in,"YES" ,"NO" )

CowsersgeghantiDotuments\Scnaol FileCON 6570 Master's ThesisEmaincal
DesigiEmpirical Deck Designxmed

LRFD [9.7.2]

Page 30f &

79



EVALUATION OF THE EMPIRICAL DECK DESIGN

EMPIRICAL DECK DESIGN

9- Overhang beyond the CL of the outer girder:

Deck Thickness = 7-in
!’-:'-()Il.dil.ilr.m9 = i (Overhang = 3.Deck Thickness ,"YES" ,"NG" )
10- The specified 28-day strength of the concrete:

£, = 4.5ks1
Condition  : it’(fc > dksi,"YES" ,-'No")

11 - The deck is made composite with the supporting structural components:

Final Condition Check:

J=0.11

TotCheck, := if(leditioni = "YES" .0,1)

(Structurally continuous concrete barrier is
made composite with the overhang)

TatalCheck := if (max(TotCheck) = 0,"OK" ,"No Goaod, one or more checks failed." )

These are the failing sections if Total Check is not QK.

[if( TotalCheck = "OK" ,"All Good" ,match(1, ToiCheck)) = "All Good" |

CowsersgeghantiDotuments\Scnaol FileCON 6570 Master's ThesisEmaincal
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EVALUATION OF THE EMPIRICAL DECK DESIGN

EMPIRICAL DECK DESIGN

Temperature and Shrinkage Reinforcement (SDG 4.2.12)
For all cast in place decks, design temperature and shrinkage reinforcement per LRFD [5.10.8] except do not exceed
12 inch spacing and the minimum bar size is No. 4.
From LRFD 5.10.8:

For bars or welded wire fabric, the area of reinforcement per foot, on each face and in each direction, shall satisfy.

1.30bh

Area of Steel 2z ————
S s LRFD Eq 5.10.8-1

.2 ; .2
0.11in" < Area_of Steel = 0.60in LRFD Eq 5 10.8-2

BarsUsed ... #5@12in Area of Steel:= U.31in"2 As:= Area of Steel= ().31-'Lr12

b is the least width of component section comp width := 12in b := comp_width = 12-in
h:= Deck Thickness = 7-in
yield strength := 60ksi fv = yield strength = 60-ksi

1.30:b-h-kip

Equation, := if| As =
e [ 2:(b + h)-fy-in

YRS "NO"]

Equation,:  0.11in” < Area_of Steel < 0.60in

Deck Reinforcement Summary

Main Reinforcement, Transverse (Bot.): Use# bar . =5 barsat Spa . :=12in
Main Reinforcement, Transverse (Top): Use # bar . =5 bars at SpPayaig = 12+in
Distribution Reinforcement, Longitudinal (Bottom): Use# barpp:= 5 barsat  Spapp:= 12in (Max.)
Temperature and Shrinkage, Longitudinal (Top). Use# barpg:=5 barsat  Spapq:= 12in (Max)

CowsersgeghantiDotuments\Scnaol FileCON 6570 Master's ThesisEmaincal
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EVALUATION OF THE EMPIRICAL DECK DESIGN

Appendix B: Empirical design method sample, 12-foot beam spacing
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EVALUATION OF THE EMPIRICAL DECK DESIGN

EMPIRICAL DECK DESIGN

Codes and Specification

s "AASHTO LRFD BEridge Design Specifications "American Association of State Highway and
Transportation Officials (AASHTO), 6th Edition, 2012 with Interims through 2013,

¢ 'Florida Department of Transportation Structures Design Guidelines for Load and
Resistance Factor Design," January 2013 Edition.

« 'Florida Department of Transportation Design Standards”, 2014.

Unit Definitions:
‘ Ibf F ; :
= —" m:z 1000ps1 m: 1000-1bf

ft’
[yl Reinforcing Dimensions

Deck Design:
Bridge Length Definitions (SDG 4.2.1)

For establishing profilograph and deck thickness requirements, bridge structures are defined as Short Bridges or Long
Bridges. The determining length is the length of the bridge structure measured along the Profile Grade Line (PGL) from
front face of backwall at Begin Bridge to front face of backwall at End Bridge of the structure. Based upon this
established length, the following definitions apply.

A. Short Bridges: Bridge structures less than or equal to 100 feet in PGL length.

B. Long Bridges: Bridge structures more than 100 feet in PGL length.

Input
(NOTE: For deck slabs, use same reinforcement Top & Bot Do not include Integral Wearing Surface in "h" OR "cover”)
Variables:
S Foues S (Use 2, 3, 4, 5,6, FBT72, FBT78, FIB36, FIB45, FIB54,
ype: cam ; : FIB63, FIBT2, FIB78)
Beam Spacing: Bheam = 12ft + 0.04
Overhang: [Overhang := 4ft + 0.0
Begin Bridge Station: Beging,, == Of

End Bridge Station:

i

st

Skew Angle; Skewmg]c: 0-de;
PGL _Length:= (Endg, - Beging,) = 701t
Bridge Def := if (PGL_Length < 100ft," Short Bridge" ,"Long Bridge" ) Bridge Def = "Short Bridge"
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EVALUATION OF THE EMPIRICAL DECK DESIGN

EMPIRICAL DECK DESIGN

Deck Thickness Determination:

[T Beams := "NO"| [New Const := "YES"|

Deck Thickness := if(T_Beams = "YES" ,6.5in,if (New Const = "YES" ,if (Bridge Def = "Short Bridge" ,9in,%.5in)," Check widening" ))
Deck Thickness = 9.1n
D“k])esignl)epﬂi = Deck Thickness

[}l Beam Properties

Constants:

Top Flange Width: bie = 48-in

Web Width: t,, = 7-in

DeckEffectiveLength == (Sbeam ~ tw) ~ (b = )05 LRFD 9.7.2.3 for definition of effective length

Deckﬁffedivel,engrh =970 ft

Deck Design (SDG 4.2.4)

Empirical Design Method: For Category 1 structures meeting the criteria in LRFD [9.7.2 4] and are not subject to either
staged construction or future widening, design deck slabs by the Empirical Design method of LRFD [9.7.2]. In lieu of the
reinforcing requirements of LRFD [9.7.2.5], use no. 5 bars at 12-inch centers in both directions in both the top and bottom
layers. Place two additional Mo. 5 bars between the primary transverse top slab bars (4-inch nominal spacing) in the slab
overhangs to meet the TL-4 loading reguirements for the FDOT standard traffic railings. Extend one of the additiocnal bars
to the midpoint between the exterior beam and the first interior beam; extend the second additional bar 36-inches beyond
this midpoint. The maximum deck overhang is 6 feet, measured from the centerline of the exterior beam.

Skew Reinforcement: (SDG 4.2.11) (LRFD9.7.1.3)

Transverse Skew Reinf Placement := if (Skcw,

angle < 15deg . "Parallel to skew entire slab length" ,"Prependicular to CL_span" )

Transverse Skew Reinf Placement = "Parallel to skew entire slab length"

Additional Longitudinal Reinf := il'(fi'»ke:\'\-'a"g|e < 15deg,"Not Needed" " #5 @6" along span -both ends” )

Additional Longitudinal Reinf = "Not Needed"

Additional Trans Reinf := 11'(Skew,

angle < 15deg,"Not needed” ," Three #5 bars @6", full width,parallel to skew, top mat,each end " }

Additional Trans Reinf = "Not needed”
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EVALUATION OF THE EMPIRICAL DECK DESIGN

EMPIRICAL DECK DESIGN

Conditions to be satisfied to use the Empirical Design Method;

0- Structure is category 1 as defined in PPM 26.3.1

1- Diaphragms used throughout the cross-section at line of support:

2- Supporting Components are made of steel and/or concrete

3- Deck is fully cast in place and water cured

4- Deck is of uniform depth except for haunches at girder flanges and other local thickening:

5- Ratio of effective length to design depth:

D E’GkDesignDepth =91n

Deckgefactivel.
i Ln, to evign: Thisk Batip = — e cdeugth

DeckpyesignbDepth
Eff Len to Design_Thick Ratio = 12.944

Condition, := if (18 = Bff_Len_to_Design_Thick_Ratio > 6,"YES" ,"NO")

6- Slab core depth:
Deck Thickness = 9-in
cover := 1.5in
slab core depth := Deck Thickness — 2-cover slab _core depth = 6.in

Collclitjmﬁ = if (slab_core depth = 4in,"YES" ,"NO" )
7- Effective Length:
Condition, : if'(neckE[femeLengm < 13.5f,"YES" ,"‘NO"]

8- Minimum slab depth:
Deck Thickness = 9-in

Ccmdition8 = if(Deck Thickness = 7in,"YES" ,"NO" )

CowsersgeghantiDotuments\Scnaol FileCON 6570 Master's ThesisEmaincal
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EVALUATION OF THE EMPIRICAL DECK DESIGN

EMPIRICAL DECK DESIGN

9- Overhang beyond the CL of the outer girder:

Deck Thickness = 9-in
!’-:'-()Il.dil.ilr.m9 = i (Overhang = 3.Deck Thickness ,"YES" ,"NG" )
10- The specified 28-day strength of the concrete:

£, = 4.5ks1
Condition  : it’(fc > dksi,"YES" ,-'No")

11 - The deck is made composite with the supporting structural components:

Final Condition Check:

J=0.11

TotCheck, := if(leditioni = "YES" .0,1)

(Structurally continuous concrete barrier is
made composite with the overhang)

TatalCheck := if (max(TotCheck) = 0,"OK" ,"No Goaod, one or more checks failed." )

These are the failing sections if Total Check is not QK.

[if( TotalCheck = "OK" ,"All Good" ,match(1, ToiCheck)) = "All Good" |
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EVALUATION OF THE EMPIRICAL DECK DESIGN

EMPIRICAL DECK DESIGN

Temperature and Shrinkage Reinforcement (SDG 4.2.12)
For all cast in place decks, design temperature and shrinkage reinforcement per LRFD [5.10.8] except do not exceed
12 inch spacing and the minimum bar size is No. 4.
From LRFD 5.10.8:

For bars or welded wire fabric, the area of reinforcement per foot, on each face and in each direction, shall satisfy.

1.30bh

Area of Steel 2z ————
S s LRFD Eq 5.10.8-1

.2 ; .2
0.11in" < Area_of Steel = 0.60in LRFD Eq 5 10.8-2

BarsUsed ... #5@12in Area of Steel:= U.31in"2 As:= Area of Steel= ().31-'Lr12

b is the least width of component section comp width := 12in b := comp_width = 12-in
h:= Deck Thickness = 9-in
yield strength := 60ksi fv = yield strength = 60-ksi

1.30:b-h-kip

Equation, := if| As =
e [ 2:(b + h)-fy-in

YRS "NO"]

Equation,:  0.11in” < Area_of Steel < 0.60in

Deck Reinforcement Summary

Main Reinforcement, Transverse (Bot.): Use# bar . =5 barsat Spa . :=12in
Main Reinforcement, Transverse (Top): Use # bar . =5 bars at SpPayaig = 12+in
Distribution Reinforcement, Longitudinal (Bottom): Use# barpp:= 5 barsat  Spapp:= 12in (Max.)
Temperature and Shrinkage, Longitudinal (Top). Use# barpg:=5 barsat  Spapq:= 12in (Max)
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EVALUATION OF THE EMPIRICAL DECK DESIGN

Appendix C: Traditional design method sample, 6-foot beam spacing
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN BEAM SPACING = 6 FEET
(EQUIVALENT STRIP METHOD)

Codes and Specification

* "AASHTO LRFD Bridge Design Specifications "American Association of State Highway and
Transportation Officials (AASHTO), 6th Edition, 2012 with Interims through 2013.

= “Florida Department of Transportation Structures Design Guidelines for Load and
Resistance Factor Design,” January 2013 Edition.
e "Florida Department of Transportation Design Standards", 2014,
[¥]— Reinforcing Dimensions
Input

(NOTE: For deck slabs, use same reinforcement Top & Bot. Do not include Integral Wearing Surface in "h" OR "cover")

Variables:
- T — —1(Use 2,3, 4,5, 6, FBT72, FBT78, FIB36, FIB45, FIB54,
Beam Type: Beam := "FIB36 FIBS3, FIB72, FIB78)
Concrete Strength: [ := 5500ps (Assume Extremely Aggr Env., use Class IV CIP
Bridge Deck Concrete, SDG Table 1.4.3-1)
Concrete Weight: we:= 150-pc {SDG Table 2.2-1)
Aggregate Correction Factor: SDG 1.4.1.4)

Yield Strength of Reinforcing Steel: " := 60ks

Width of Design Section: )
(SDG 4.2.2 B - For new construction of "Short Bridges” other

Height of Design Section (deck thickness): h := Bir than Inverted-T Beam bridge superstruciures, the minimum
Hi of bridge decks castHn-place (CIP) on beams or
Height of Sacrificial Wearing Surface: = 0.0ir girders is 8-nches.

=

=
i
o
w©

= =5 e
0

Load Reduction Factor for Moment (Initial Guess).

Top cover: cover; 1= 2ir {(S0G Table 1.4.2-1)

Bottom cover: m (SDG Table 1.4.2-1)

Exposure Condition: exposure_condition := "Class 1" (SDG 4.1.8)
Beam Spacing: Steam = 61t + 0.0ir

Future Wearing Surface: W3 = 15ps (SDG Table 2.2-1)

Weight of SIP Forms: SIP := 20psf

Width of Traffic Railing Barrier: Whar = 1.0

Width of Raised Sidewalk: Wy = Off

Traffic Railing Barrier: Wi 420p1q

Weight of Median: Wned = D[‘L.b-wsl Wined = 0-plf

Bridge Skew: = mes ]

g [Skew := mean[(0),(0)] deg] Sicow= Ghclag

Cwsers\geighantlocumentsS chodl File\CONESTO Master's Thesis Page 1 of 8
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

BEAM SPACING = 6 FEET

Weight of Sidewalk: [ow = [ Oin + (Wi + Wiy)-0.00](Wiaay + We) W] Wy = 0-plf

I“'barr ped i= Oplf + OPI-[I

Weight of Pedestrnian/Bicycle Railing 0-olf
Wharr ped = VP

and Fence:
Deoffamifteperties
Top Flange Width: by = 48-in
Web Width: tw = T-in
Concrete Unit Weight for
Modulus of Elasticity Calc: Yo = 14Spef SRR LAY

Modulus of Elasticity

15

e L i

i Fe = 33000-K4- - |—ks1
Deck: . - (kcf) J ksi

F, = 3845.8-ksi (AASHTO 542 4)
Modulus of Elasticity .
Reinforcing Steel: Ey := 29000ksi (AASHTO 5.4.3.2)
E
Modular Ratio: n:= rmmd[—iJ n=28 (AASHTO 57 1}
E,
Area of Deck Section: Aq=hb A= 96.in%
Crack Control Exposure P 1.00 if exposure condition = "Class 1" He=1 (AASHTO 5.7.3.4)

Condition Factor:

0.75 otherwise

Design Moment

Location of Negative Live Load Design Moment:

AASHTO LRFD 462 1.6 -—= The design section for negative moments and shear forces, where investigated, may be
taken as foffows:

For precast I-shaped concrete beams .......crossection (k) from Table 4.6.2.2 1-1;

one-third the flange width, but not exceeding 15.0 in from the centerline of support.

(1 .
LoCyegative = m|r{;-bu~,15—|nj
[¥] AASHTO Table A4-1 - Deck Slab Design Table
Dead Load Moments for Moment Analysis:

The negative live load design moment is

taken at a distance from the supports: L-0Gegative = 15.0-in

"DC" loads include the dead load of structural components and non-structural attachments

Self-weight of Deck Slab:

Weight of Traffic Railing
Barriers:

hoal FilessGMESTO Masters Thesis

cw
\Traddtional Designi#F 0 Tradtional Deck Design xmod

Welab = [(h + hm.]-l)] W

Pparrier = Woarrier' D

Walah = 0.100-kIf
Pharrier = 0.420-kip

Page 2of 9

90



LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

Weight of Pedestrian/Bicycle Railing
and Fence:

Weight of Median:

Weight of Sidewalk:

Stay-in-Place Forms:

EVALUATION OF THE EMPIRICAL DECK DESIGN

BEAM SPACING = 6 FEET

PyarTypek = Wharr ped'D Poarrypex = 0.000-kip

Wenedian ‘= Wmed Winedian = 0.000-k1f
Wb

W 1= Wy = 0.000-kIf

NP Wy + Wigr W

Waip © SIP-b Wsip 0.020-k1f

"DW" loads include the dead load of a future wearing surface and utilities

Weight of Future Wearing Surface:

Max. Positive Live Load Moment:

From AASHTO Table A4-1:

Max. Negative Live Load Moment:
From AASHTO Table A4-1 for interpolation:
Minimum Distance Negative Moment

and Location:

Maximum Distance Negative Moment
and Location:

From AASHTO Table A4-1:

(by interpolation) MLL neg =

Cwsers\geighantlocumentsS chodl File\CONESTO Master's Thesis
\Tradditional DesignLRFD Traotiona Deck Design xmeod

Wiy i= FWS.b Wiws = 0.015-kIf
. f . f
N = MLLJJus'k’P'F MLL pes = 4.83-k|p-E
AMineadoss= Milyeg joc'in Miflgeg joc = 12-in
s ; . Rt ; oo Tt
M— Mg, m,_q-klp-E Mingy, pes = 2‘31-k1p‘E
A dvor= Maieg 1oc7int MaXpeg loc = 18:in
. R . it
W— Maxg ,,eg-km-E Maxgy, neg = 1.39-k1p-E

(mx”._m:g l\“ﬁll[ J,_m;g)

(I‘Ocncgﬂivc = Mmm‘g_loc)'|: :| & MinLL_m:g

(h'{*“ucg loc — .M-i“ncg Ioc)

Mpp

oo At
neg 1.85:kap- E

Page 3of 9
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN

(EQUIVALENT STRIP METHOD)

Summary of Moments:

Max Moments between the beams:

Max. Positive Service DC Moment:

Max. Negitive Service DC Moment:

Max. Positive Service DWW Moment:

Max. Negitive Service DWW Moment:

Load Combinations:

Maximum Service | Moment:

Maximum Strength | Moment:  Mgyo, := max[

Applied Moment:

Flexure Reinforcement

Minimum Reinforcement: (AASHTO 5.7.3.3.2 & See AASHTO 5.7.2 for Design Assumptions)

. in
Mpg posi= 4.27- kip-E‘

Mpc Nes = 5.933-kip-%

. 1n|
MD“"_POS = 0355-1(.1]3;

.
L’In“{ Meg — 0.605k1pE

BEAM SPACING = 6 FEET

. ft
Mpe pos = ﬂ..‘)S(a-klp-H

fit
Mg yeg = 0.494-kip-—

i
Mpw pos = ﬂ-M‘klp'E

fi
Mr)w Meg — l].l]SklpE

(See STAAD Qutput)

(See STAAD Qutput)

(See STAAD Output)

(See STAAD Qutpuf)

Mservice = MaX{Mpc pos + Mpw Pos + MLL possMDC Neg + MDW Neg + ML neg)-ft

+1 -?SMLT,JJM

h"l'.lppli:rl = h"13‘1I.n:n3ﬂ1

2
Modulus of Rapture:  (AASHTO 5.4.2.6 f.:= 0.24. ’—C_.ksj
& SDG 1.4.1.8) ksi
bk ;
Moment of Intertia of Slab Section: Ty: =
3 12
Distance from the Extreme Tensile Fiber _h
to the Neutral Axis of the Composite Section: Fris ;
; £l
Cracking Moment: My = —
)

cw hodl FUes\COGNEST0 Masters Thests
\Tradditional DesignLRFD Traotiona Deck Design xmeod

+1.75My 1.

Mgervice = 5-215-kip-ft

1.25Mpg pos + 150-Mpw pog -+ 1.25Mpe neg + 15Mpw neg ]ﬂ

Mgirength = 8-942-kip-1t

l\'laqlpliud = 3.942'kip‘&

f. = 562.85-psi
Tg 512-in4
yi=4in

M, = 6.004-kip-fi
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

Cracking Moment Limit:

Desgin Ultimate Moment:
Distance from Extreme Compressive
Fiber to Centroid of Reinforcing Steel:

Mominal Strength Coefficient of Resistance:

ACI p Equation:

Minimum Required A, between beams

Use Main Reinforcing:

Diameter of Bar:

Area of Reinforcing in
a Section 1 ft Wide:

Area of Reinforcing:

Depth of Equivalent Rectangular
Stress Block:

Ratio of Reinforcement
Provided:

cw noal FIEICONBET0 Masters Thasis
\Tradditional DesigrilRF0 Tradtiona Deck Design xmod

BEAM SPACING = 6 FEET

1.2-M,, = 7.204-kip-ft

dbar(barumin)
d. = h - covery, - ——————
2
Mll
Ry= .
¢M‘b'dc

Agreqdpos = p-b-de

Aguink eq Aqupnn

dy: {1|,a,-(hﬂ-1'm.a.i.n]

12-in

A s(z,cc) = Apglz)
ce

Aghain == A H(b'ﬂ“—mainesi’amain]

AsMa in'fy
0.85-[b

a:

Ashain

A ou

u- M:itrmglh if Mslmlp.ﬂ] = 1L2M,
min( 1.33Mgyength. 1.2M) otherwise

M, = 8.942-kip-fi

d. = 5.688-in

R, = 307.138.psi

m = 12.834

p = 0.005299

e )
Agreqdpos = 0.362-in

2o
J\ﬂMinReq = 0.362-in

dy, = 0.625-in

"\sMnin = 0«392}.[12

a= 0419.n

p = 0.0057

Page 5of 9
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LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

Determine ‘ (Tension or Compression Controlled Section):

EVALUATION OF THE EMPIRICAL DECK DESIGN

BEAM SPACING = 6 FEET

(AASHTO 57.2.1 & AASHTO 5.7.2.2)

Determine location of N.A
using Whitney Stress Block.:

Distance from the Extreme
Compression Fiber to the N.A.:

Actual Tensile Strain in
Extreme Tension Steel:

Comp. and Tension Controlled Section
Limits of Net Tensile Strain in the
Extreme Tensicn Steel:

Comp. and Tension Controlled
Reinforced Concrete Section
Resistance Factors:

Determine Controlling Force:

Determine Controlling Resistance
Factor:

Factored Flexural Resistance:

Ultimate Moment:

Check Moment Capacity:

cw hodl FUes\COGNEST0 Masters Thests
\Tradditional DesignLRFD Traotiona Deck Design xmeod

f.— 4-ksi
Br:= [mad| 085 - 0.08| ——— ||.0.68| if f, > 4ksi B, = 0.775
1
0.85 otherwise
5 )
¢ = — i
comp : Ceomp = 0.54-in
de Ceomp -
gr:= 0.003.——— (AASHTO Figure C5.7.2.1-1) N
Ccomp e = 0.029
0.002 Compresssion Controlled if & <or= 0.0002
ST _Limits *= ) .
0.005 Tension Controlled if e >or= 0.0005
P (0-75 Compresssion Controlled
09 Tension Controlled PRSI BB AL

Controlling := | "Compression" if &< E‘l'_l.imiiso Controlling = "Tension"

"Tension" if E1 2 €T Limits
1

"In Transition” otherwizse

¢:n if Controlling = "Compression”

=

dpr = 0.9

d)l if Controlling = "Tension™

liIlI.crp(ET Li.mi[ssd),s'[‘) otherwise
a .
OM,, 1= g Acnsain: g..(de 3] M, = 9,683 kip-ft

M, = 8.942kip-1t

CheckMoment := |"OK" if ¢M, = M, |CheckMoment = "OK" |

"No Good" if &M, < M,

Page 6of 9
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

Crack Control Check

Thickness of Concrete Cover Measured

from Extreme Tension Fiber to Center
of the Flexural Reinforcement Located
Closest Thereto:

Depth of Neutral Axis

Tensile Stress in Reinforcement at the
Service Limit State:

Ratio of Flexural Strain at the Extreme
Tension Face to the Strain at the
Centroid of the Reinforcement Layer
Nearest the Tension Face:

Maximum Reinforcement Spacing

for Crack Control:

Reiforcement Spacing Provided:

Check Spacing:

Distribution Reinforcement

For primary reinforcement perpendicular to traffic

Cistance Between Beam
Flange Tips:

Flange Overhang:
Effective Span Length:

Distribution Reinforcement %

cw noal FIEICONBET0 Masters Thasis
\Tradditional DesigrilRF0 Tradtiona Deck Design xmod

BEAM SPACING = 6 FEET

(AASHTO 5.7.3.4)

dy
d, 1= covery + —
2
b-x
f(x)=—+x-4d,
2-Agpgain D

Kz root[f(x),x:ﬂ,dc)

Mgervice
fse.' = —X
AsMain'(du = ;]
df
By =1 + =—————— (AASHTO 5.7 .3 4-1)
i ﬂf?-(h - dc)
7007, d.
o _2=|in  (AASHTO 6.7.3.4-1)
8 in
B
" ksi
Sactual = SPamain
CheckSpacing : "No Good" il 5,401 = Smax

"OK" otherwise

(AASHT0 9.7.3.2)

D1 == Syeam — big

D2:=by—ty
spey = D1 + D2 (AASHTO 9.7.2.3)
; 220
DR = mi L67 %
SPeff
ft

d. = 2313.in

C

x = L482-in

f.o = 30.774-ksi

B, = 1.581

Snax = 9.764-1n

Sactual = 510

|CheckSpacing = "OK" |

Dl=21ft

D2=341710
sper = 541711

DR = 67-%

Page 7 of 8
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

BEAM SPACING = 6 FEET

Area of Steel Required: Apr = DR-Agfain

Use Dist. Reinforcement: |harm. - EI |SpaDI;: 12ir] (Max.)

Area of Reinforcing
Provided:

Agpp A_s(.‘tm:m, i SP“DP)

CheckDistRein == |"OK" i’ Aupp = Agg

"No Good"  otherwise

Temperature & Shrinkage Reinforcement: (AASHTO 5.10.8.2)

Area of Steel Required for Temp & Shrinkage:

ki
2 1.30-'i-b-h 2
n . in- ft in
Ag= |011— if ———— <011—
< fit 2.(b + h)-f, ft
-
3 l.30-_1r;1-h-h "
m m- m
0.60 — if ————— > 0.60—
ft 2-(b + h)fy ft
Xi
130 —2 by
in- f
—— otherwise
2-(b + h)-fy

(SDG 4.2.11 - #4 Min.)

e

Area of Temp and Shrnk Reinforcing: Ay = A s(bm-,-s,spa-rs]

Checkpg = |"OK"™ if Apg = A i ft A Agygain = Ag Pt A Agrs 2 Ay o ft

"No Good" otherwise

Maximum Spacing of Temperature
and Shrinkage Reinforcement:

STgmay := Min(3-h,18in, 12mn)

ChECkSpa = |"OK" if SPApp < STSmax  SPmain < $TSmax © SPATS = STSmax

"No Good" otherwise

cw umentsSchoal FlesCGNESTO Masters Thasis
\Tradditional DesignLRFD Traotiona Deck Design xmeod

.2
Agpr = 0.262-1n

Agpp = 0.31- i1|z

|CheckDistRein = "OK" |

in
EH O'II‘T

A

(SDG 4.2.11 - 12in Max.}

Agre = 0.31- inz

Checkpg = "OK"
STsmax = 12-In

Checksys = "OK"

Page 8of 9
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN BEAM SPACING = 6 FEET
(EQUIVALENT STRIP METHOD)

Deck Reinforcement Summary

Main Reinforcement, Transverse (Bot.). Use# bar,,=5 barsat Spa . =95«
Main Reinforcement, Transverse (Top): Use# bar,,=5 barsat Spa,.,=95in
Distribution Reinforcement, Longitudinal (Bottom): Use# barpp=35 bars at Spapp = 12-in (Max.)
Temperature and Shrinkage, Longitudinal (Top): Use# barpg=5 barsat  Spapg = 12:in (Max.)

cw el FUes\COGNEST0 Master's Thasts Page 9of 9
\Tradational DesignilRFD Tradtional Deck Design xmod 9



EVALUATION OF THE EMPIRICAL DECK DESIGN

F' X Job Mo Shest Mo Ry
00 acing
6 Foot Spacing 1
ey -
Software licensed to Infrastructure Engineers, Inc FatDeck DC & DW Loads
Job Title. Georges El-Gharib Thesis kel
B GIE bat15-Sept13 e
T UNF Fio 6 foot DC Moments.std  |#7™° 16-Sep-2013 20:13

Job Information

Engineer Checked Approved
Name: GIE
Date: 15-Sept-13

Comments

Finding Dead Load Moments for deck design

| structure Type | PLANE FRAME |

Mumber of Nodes 9 | Highest Node 9
Mumber of Elements & | Highest Beam 8
MNumber of Basic Load Cases 2
Mumber of Combination Load Cases 0

Included in thig printouf are data for:

| Al | The Whole Structure |
neluded in this printout are results for load cases:

Type Lic Name
Primary 1 DC COMPONENTS DEAD LOADS
Primary 2 DW FWS DEAD LOAD

Nodes
Node X ¥ z
(ft) (ft) (ft)
1 0.000 0.000 0.000
2 4.000 0.000 0.000
3 10.000 0,000 0.000
4 16.000 0.000 0.000
] 22.000 0.000 0.000
3] 28.000 0.000 0.000
' 34.000 0.000 0.000
8 40,000 0.000 0.000
9 44.000 0.000 0.000

Ennl Time/Date. 160872013 20115 STAAD.Pro \V8i (SELECTseries 4) 20.07.09.20 Print Run 10f 4



EVALUATION OF THE EMPIRICAL DECK DESIGN

| X Job Mo N Shest Mo Ry
r’ 6 Foot Spacing 2
Software licensed to Infrastructure Engineers, Inc FatDeck DC & DW Loads
Job Title. Georges El-Gharib Thesis kel
B GIE bat15-Sept13 e
T UNF Fio 6 foot DC Moments.std  |#7™° 16-Sep-2013 20:13

Beams
Beam | Node A | Node B| Length E'rnpsrty ]
(ft) degrees)
1 2 1 4.000 1 0
2 2 3 6.000 1 0
3 3 4 6.000 1 0
4 4 5 6.000 1 0
] =] 3] 6.000 1 0
6 6 7 6.000 1 0
T 7 8 6.000 1 0
& 8 9 4.000 1 0
Materials
Mat Name E v Density a
(kipfin®) (kip/in®) (FF)
1 STEEL 29E+3 0.300 0.000 6E -6
2 STAINLESSSTEEL 2BE+3 0.300 0.000 10E -6
3 ALUMINUM 10E+3 0.330 0.000 13E-6
4 CONCRETE 3.15E+3 0.170 0.000 SE-6
Supports
Node X Y Z rX ry rZ
(Kip/in) (kipfin) {Kip/in) (kipft/deg) | (kipft/deg) | (kipft/deg)
2 Fixed Fixed Fixed - - -
3 - Fixed - - - -
4 - Fixed - - - -
5 - Fixed - - - -
[ - Fixed - - - -
T - Fixed - - = -
8 Fixed Fixed Fixed - - -

Basic Load Cases

Number Name
1 DC COMPOMENTS DEAD LOADS
2 DW FWS DEAD LOAD

Pnt TimeDate: 16003

STAAD.Pro V8i (SELECTseries 4) 20.07.09.20 Print Run 2 of 4



EVALUATION OF THE EMPIRICAL DECK DESIGN

| ~~ Job Mo Sheel Na Ry
r’ 6 Foot Spacing 3
-j;s'.':r.w.z'\'_-|.r\'.'n'.nr: to Infrastructurs Engineers, Inc FatDeck DC & DW Loads
Job Tills Georges El-Gharib Thesis sl
B GIE bat15-Sept13 e
Cliont— UNF Flo 6 foot DC Moments,std l”""""“m“ 16-Sep-2013 20113
Beam Maximum Moments
Distances o maxima are given from beam end A,
Beam | Node A | Length LiC d Max My d Max Mz
(ft) (ft) (kip'in) (ft) (kipin})
1 2 4.000 | 1:DC COMPOM | Max -ve 0.000 0.000 0.000 26,640
Max +ve 0.000 0.000 4.000 -0.000
2:DW FW-S DE | Max -ve 0.000 0.000 0.000 1.440
Max +ve 0.000 0.000 4.000 -0.000
¥ 2 6.000 | 1:DC COMPOP | Max -ve 0.000 0.000 0.000 26.640
Max +ve 0.000 0.000 5.000 -1.512
2:DW FWSs DE | Max -ve 0.000 0.000 0.000 1.440
Max +ve 0.000 0.000 4.000 -0.037
3 3 6.000 | 1:DC COMPOP | Max -ve 0.000 0.000 6.000 5.933
Max +ve 0.000 0.000 2.000 -4.780
2:DW FWS DE | Max -ve 0.000 0.000 5.000 0.605
Max +ve 0.000 0.000 2.500 -0.358
4 4 6.000 | 1:DC COMPOM | Max -ve 0.000 0.000 0.000 5,933
Max +ve 0.000 0.000 3.500 -1.767
2:DW FWS DE | Max -ve 0.000 0.000 0.000 0.605
Max +ve 0.000 0.000 3.000 -0.253
5 5 6.000 | 1:DC COMPOP | Max -ve 0.000 0.000 5.000 5.933
Max +ve 0.000 0.000 2.500 -1.767
2:DW FWS DE | Max -ve 0.000 0.000 5.000 0.605
Max +ve 0.000 0.000 3.000 -0.253
3] 5] 6.000 | 1:DC COMPOP | Max -ve 0.000 0.000 0.000 5933
Max +ve 0.000 0.000 4.000 -4.780
2:DW FWS DE | Max -ve 0.000 0.000 0.000 0.605
Max +ve 0.000 0.000 3.500 -0.358
¥ 7 5.000 | 1:DC COMPOPM | Max -ve 0.000 0.000 5.000 26,640
Max +ve 0.000 0.000 0.000 -1.512
2:DW FWS DE | Max -ve 0.000 0.000 6.000 1.440
Max +ve 0.000 0.000 2.000 -0.037
8 8 4.000 | 1:0C COMPOP | Max -ve 0.000 0.000 0.000 26.640
Max +ve 0.000 0.000
2:DW FWS DE | Max -ve 0.000 0.000 0.000 1.440
Max +ve 0.000 0.000
Pnnt TimeDate. 1608/2013 2015 STAAD.Pro V8i (SELECTseries 4) 20.07.09.20 Print Run 3 of 4
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EVALUATION OF THE EMPIRICAL DECK DESIGN

-j Sofiwane licensed to Infrastructure Engineers, Ino

Job Mo

6 Foot Spacing

Shesl No

Rev

FatDeck DC & DW

Loads

«Job Title: Georges El-Gharib Thesis

Rt

By GIE

Datf1 5-Sept-13 Chd

Chant

UNF

Fle 6 foot DC Moments,std ]' JERTmE 46-Sep-2013 20013

L

/M
553 kipan [\ [ Lk 5530 kipdn

p
e areem iy

b

Load | : Bending Z

mant - Kig-in

Whole Structure Mz 2 4kip-in:1ft 1 DC COMPONENTS DEAD LOADS (Input data was modified after picture taken)

A :II‘\‘.“O Kpdn

Whole Structure Mz 0.096kip-in 1t 2 DW FWS DEAD LOAD (input data was modified afier picture taken)

Pant Time/Date: 18/09/2013 20115

STAAD.Pro V8i (SELECTseries 4) 20.07.09.20

Pant Rund of 4
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EVALUATION OF THE EMPIRICAL DECK DESIGN

Appendix D: Traditional design method sample, 12-foot beam spacing
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

Codes and Specification

BEAM SPACING =12 FEET

* "AASHTO LRFD Bridge Design Specifications "American Association of State Highway and
Transportation Officials (AASHTO), 6th Edition, 2012 with Interims through 2013.

= “Florida Department of Transportation Structures Design Guidelines for Load and

Resistance Factor Design,” January 2013 Edition.

e "Florida Department of Transportation Design Standards", 2014,

[¥]— Reinforcing Dimensions
Input

(NOTE: For deck slabs, use same reinforcement Top & Bot. Do not include Integral Wearing Surface in "h" OR "cover")

Variables:
Beam Type:
Concrete Strength:

Concrete Weight:
Aggregate Correction Factor:
Yield Strength of Reinforcing Steel:

Width of Design Section:

Height of Design Section (deck thickness):
Height of Sacrificial Wearing Surface:
Load Reduction Factor for Moment (Initial Guess):
Top cover:

Bottom cover:

Exposure Condition:

Beam Spacing:

Future Wearing Surface:

Weight of SIP Forms:

Width of Traffic Railing Barrier:

Width of Raised Sidewalk:

Traffic Railing Barrier:

Weight of Median:

Bridge Skew:

Cwsers\geighantlocumentsS chodl File\CONESTO Master's Thesis
\Tradditional DesignLRFD Traotiona Deck Design xmeod

(Use 2,3, 4,5, 6 FBT72, FET78, FIB36, FIB45, FIB54,

Beam ;- "FIB36"|cipg3, Fig72, FIB78)

f. == 5500ps (Assume Extremely Aggr Env., use Class IV CIP
Bridge Deck Concrete, SDG Table 1.4.3-1)

we:= 150.pe (SDG Table 2.2-1)

(SDG 1.4.1.4)

= B0ks

(SDG 4.2.2 B - For new construction of "Short Bridges” other

= =5 e
0

h = Bir than Inverted-T Beam brdge superstruciunes, the minimum
Hi of bridge decks castHn-place (CIP) on beams or
:= 0.0ir girders is 84nches.
by = 0.9
cover; ;= 2ir {(S0G Table 1.4.2-1)

= 2ir (SDG Table 1.4.2-1)

(SDG 4.1.8)

=
=
8

exposure _condition := "Class l"l

Steam = 12ft + 0.00

WS = 15ps (SDG Table 2.2-1)
SIP := 20psf
Wogr = 1.5
W = Off
Wined = U['L-b-wd Wined = 0-plf
|Skew := mean[(0),(0)] deg| Skew = 0-deg

Page 1 of 8
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

BEAM SPACING =12 FEET

Weight of Sidewalk: [ow = [ Oin + (Wi + Wiy)-0.00](Wiaay + We) W] Wy = 0-plf

I“'barr ped i= Oplf + OPI-[I

Weight of Pedestrnian/Bicycle Railing 0-olf
Wharr ped = VP

and Fence:
Deoffamifteperties
Top Flange Width: by = 48-in
Web Width: tw = T-in
Concrete Unit Weight for
Modulus of Elasticity Calc: Yo = 14Spef SRR LAY

Modulus of Elasticity

15

e L i

i Fe = 33000-K4- - |—ks1
Deck: . - (kcf) J ksi

F, = 3845.8-ksi (AASHTO 542 4)
Modulus of Elasticity .
Reinforcing Steel: Ey := 29000ksi (AASHTO 5.4.3.2)
E
Modular Ratio: n:= rmmd[—iJ n=28 (AASHTO 57 1}
E,
Area of Deck Section: Aq=hb A= 96.in%
Crack Control Exposure P 1.00 if exposure condition = "Class 1" He=1 (AASHTO 5.7.3.4)

Condition Factor:

0.75 otherwise

Design Moment

Location of Negative Live Load Design Moment:

AASHTO LRFD 462 1.6 -—= The design section for negative moments and shear forces, where investigated, may be
taken as foffows:

For precast I-shaped concrete beams .......crossection (k) from Table 4.6.2.2 1-1;

one-third the flange width, but not exceeding 15.0 in from the centerline of support.

(1 .
LoCyegative = m|r{;-bu~,15—|nj
[¥] AASHTO Table A4-1 - Deck Slab Design Table
Dead Load Moments for Moment Analysis:

The negative live load design moment is

taken at a distance from the supports: L-0Gegative = 15.0-in

"DC" loads include the dead load of structural components and non-structural attachments

Self-weight of Deck Slab:

Weight of Traffic Railing
Barriers:

hoal FilessGMESTO Masters Thesis

cw
\Traddtional Designi#F 0 Tradtional Deck Design xmod

Welab = [(h + hm.]-l)] W

Pparrier = Woarrier' D

Walah = 0.100-kIf
Pharrier = 0.420-kip

Page 2of 9
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN BEAM SPACING =12 FEET
(EQUIVALENT STRIP METHOD)

Weight of Pedestrian/Bicycle Railing PourTypeks ©= Wharr ped-D Poarrypexc = 0.000-kip
and Fence;
Weight of Median: Winedian °= Wmed Winedian = 0.000-k1f
Weight of Sidewalk Wow KIf
ig idewalk: W 1= Wy = 0.000-
MW W W =
Stay-in-Place Forms: Wejp == SIP:b Waip = 0.020-K11
"DW" loads include the dead load of a future wearing surface and utilities
Weight of Future VWearing Surface: Wiys i= FWS:b Wiys = 0.015-kIf
Max. Positive Live Load Moment:
fi ft
From AASHTO Table A4-1: \,2” = MLLJms'kiP'F: MLL pos = s_m.kip.E
Max. Negative Live Load Moment:
From AASHTO Table A4-1 for interpolation:
Miseadoss= Mileg foc'in Millyeg joc = 12+in
Minimum Distance Negative Moment = =
and Location: . f ft
M1 = M, kap-— Min = 6.74-kap-—
m LL neg"®IP ft LL nez P ft
A dvor= Maieg 1oc7int MaXpeg loc = 18:in
Maximum Distance Negative Moment = “
and Location: M K ft M 5.56.ki ft
: .~ Max, kip-— Max; = 5.56-kip-—
W 1L_neg H1P o LL_neg P it
From AASHTO Table A4-1: M (i o ) (Maxyg, neg — Ming, neg) i
; ; = (Lo ive — Min 1 + Min
(by mterporatlon) LL neg cm:gﬂlw. neg_loc ('M'ax"m — h’ﬁ“nc_g Ioc) 'LL_neg
o R
Mpp neg 6.15-kip-—
ft
CosersigeighanbiDacuments's cheal Files\CGNEST0 Master's Thasis Page 30f 9

\Traddtional Designi#F 0 Tradtional Deck Design xmod
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN BEAM SPACING =12 FEET
(EQUIVALENT STRIP METHOD)

Summary of Moments:

Max Moments between the beams:

Max. Positive Service DC Moment: | DC Pogi= 10_5“2.5('.1-,.% Mpc pos = a_s'?s.kip.t% (See STAAD Output)
= = t

Max. Negitive Service DC Moment: [Mpc 1, = 15.418-kipv1—;; Mpe Neg = 1-385-1@% (See STAAD Qutput)
e ; : . i .t

Max. Positive Service DWW Moment: IMpw pos = 1_3(,.{.“(1];,.E Mpw pos = 1}_114.1(11;,.E (See STAAD Output)

Max. Negitive Service DW Moment: IMpy yeq = 2.303-kip-% Mpw Neg = o.lm-kip-% (See STAAD Output)

Load Combinations:

Maximum Service | Moment: Mservice = MaX{Mpc pos + Mpw Pos + MLL possMDC Neg + MDW Neg + ML neg)-ft

Mgervice = 8.999-kip-ft

+ I'TSMLT._‘][H + ]'?SMIJ._III:S

Maximum Strength | Moment:  Mgyo, := max[] 25Mpe pos + 180-Mpyw pog -+ 1.25Mpe neg + 15 Mpw neq ]ﬂ
Msprength = 15.282-kip-{t
Applied Moment: Mapptied = Msirength Mapplied = 15.282-kip-ft

Flexure Reinforcement
Minimum Reinforcement: (AASHTO 5.7.3.3.2 & See AASHTO 5.7.2 for Design Assumptions)

§

Modulus of Rapture: (AASHTO 5,426 f.:= 0.24. —C_-ksj fp = 562.85-ps1

& SDG 1.4.1.B) \‘ ksi
bk %
Moment of Intertia of Slab Section: 2 = Tg 512-in4
: 12 _
Distance from the Extreme Tensile Fiber _h L
to the Neutral Axis of the Composite Section: = 3 ¥ =4
: f1y
Cracking Moment: My = — Mer = 6.004-kip-ft
¥t

o) DeSLRED, Tk beck Bengmeg o e Fags:é.ats
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

Cracking Moment Limit:

Desgin Ultimate Moment:
Distance from Extreme Compressive
Fiber to Centroid of Reinforcing Steel:

Mominal Strength Coefficient of Resistance:

ACI p Equation:

Minimum Required A, between beams

Use Main Reinforcing:

Diameter of Bar:

Area of Reinforcing in
a Section 1 ft Wide:

Area of Reinforcing:

Depth of Equivalent Rectangular
Stress Block:

Ratio of Reinforcement
Provided:

cw noal FIEICONBET0 Masters Thasis
\Tradditional DesigrilRF0 Tradtiona Deck Design xmod

BEAM SPACING =12 FEET

1.2-M,, = 7.204-kip-ft

dbar(barumin)
d. = h - covery, - ——————
2
Mll
Ry= .
¢M‘b'dc

Agreqdpos = p-b-de

Aguink eq Aqupnn

dy: {1|,a,-(hﬂ-1'm.a.i.n]

12-in

A s(z,cc) = Apglz)
ce

Aghain == A H(b'ﬂ“—mainesi’amain]

AsMa in'fy
0.85-[b

a:

Ashain

A ou

u- M:itrmglh if Mslmlp.ﬂ] = 1L2M,
min( 1.33Mgyength. 1.2M) otherwise

M, = 15.282-kip-ft

d. = 5.688-in

R, = 524.938.psi

m = 12.834

p = 0.009305

.2
Agreqdpes = 0.635-n

2o
J\ﬂMinReq = 0.635-in

dy, = 0.625-in

Agre = 0.676:in>

a=0.723.in

p = 0.0099

Page 5of 9
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LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

Determine ‘ (Tension or Compression Controlled Section):

EVALUATION OF THE EMPIRICAL DECK DESIGN

BEAM SPACING =12 FEET

(AASHTO 57.2.1 & AASHTO 5.7.2.2)

Determine location of N.A
using Whitney Stress Block.:

Distance from the Extreme
Compression Fiber to the N.A.:

Actual Tensile Strain in
Extreme Tension Steel:

Comp. and Tension Controlled Section
Limits of Net Tensile Strain in the
Extreme Tensicn Steel:

Comp. and Tension Controlled
Reinforced Concrete Section
Resistance Factors:

Determine Controlling Force:

Determine Controlling Resistance
Factor:

Factored Flexural Resistance:

Ultimate Moment:

Check Moment Capacity:

cw hodl FUes\COGNEST0 Masters Thests
\Tradditional DesignLRFD Traotiona Deck Design xmeod

f.— 4-ksi
Bri= [may[085 - 0.08| ——— ||,065| if £, > 4ksi B, = 0.775
1
0.85 otherwise
i
Ceomp = ; Ceomp = 0.933-in
de Ceomp -
7= 0,003 ———L  (AASHTO Figure C5.7.2 1-1) oo
Ceomp S0
0.002 Compresssion Controlled if & <or= 0.0002
ST _Limits *= ) .
0.005 Tension Controlled if e >or= 0.0005
P (0-75 Compresssion Controlled
09 Tension Controlled PRSI BB AL

Controlling := | "Compression" if &< E‘l'_l.imiiso Controlling = "Tension"

"Tension" if E1 2 €T Limits
1

"In Transition” otherwizse

¢:n if Controlling = "Compression”

=

dpr = 0.9

d)l if Controlling = "Tension™

h“'”rp(ET Limits+$+ & T) otherwise

My = ¢M'A-sMain‘fy'(de %] M, = 16.21-kip-ft

M, = 15.282-kip-ft

u

CheckMoment := |"OK" if ¢M, = M, |CheckMoment = "OK" |

"No Good" if &M, < M,

Page 6of 9

108



EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

Crack Control Check

Thickness of Concrete Cover Measured

from Extreme Tension Fiber to Center
of the Flexural Reinforcement Located
Closest Thereto:

Depth of Neutral Axis

Tensile Stress in Reinforcement at the
Service Limit State:

Ratio of Flexural Strain at the Extreme
Tension Face to the Strain at the
Centroid of the Reinforcement Layer
Nearest the Tension Face:

Maximum Reinforcement Spacing

for Crack Control:

Reiforcement Spacing Provided:

Check Spacing:

Distribution Reinforcement

For primary reinforcement perpendicular to traffic

Cistance Between Beam
Flange Tips:

Flange Overhang:
Effective Span Length:

Distribution Reinforcement %

cw noal FIEICONBET0 Masters Thasis
\Tradditional DesigrilRF0 Tradtiona Deck Design xmod

BEAM SPACING =12 FEET

(AASHTO 5.7.3.4)

dy
d, 1= covery + —
2
h-
f(x) = —®  ix de
2-Agpgain D
i root[f(x),x:ﬂ,dc)
Mgervice
fSh' = —x
AsMain'(du = ;]
df
By =1 + =—————— (AASHTO 5.7 .3 4-1)
i ﬂf?-(h - dc)
700"}‘: dc
o _2=|in  (AASHTO 6.7.3.4-1)
8 in
Be—
" ksi
Sactual = SPamain
CheckSpacing : "No Good" il 5,401 = Smax

"OK" otherwise

(AASHT0 9.7.3.2)

D1 == Syeam — big

D2:=by—ty
spey = D1 + D2 (AASHTO 9.7.2.3)
; 220
DR = mi L67 %
SPeff
ft

d. = 2313.in

C

x = L858.-in

fos = 31.504-ksi

B, = 1.581

Snax = 9.431-1n

Sactual = 3510

|CheckSpacing = "OK" |

D1 =8ft

D2=34710

sper = 114171t

DR = 65.111:%

Page 7 of 8
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN
(EQUIVALENT STRIP METHOD)

BEAM SPACING =12 FEET

Area of Steel Required: Apr = DR-Agfain

Use Dist. Reinforcement: |harm. - EI |SpaDI;: Sixi (Max.)

Area of Reinforcing
Provided:

Agpp A_s(‘tn-u'm, i SP“DP)
CheckDistRemn := |"OK" il Agqp = Agpr

"No Good"  otherwise

Temperature & Shrinkage Reinforcement: (AASHTO 5.10.8.2)

Area of Steel Required for Temp & Shrinkage:

ki
2 1.30-'i-b-h 2
n . in- ft in
Ag= |011— if ———— <011—
< fit 2.(b + h)-f, ft
-
3 l.30-_1r;1-h-h "
m m- m
0.60 — if ————— > 0.60—
ft 2-(b + h)fy ft
Xi
130 —2 by
in- f
—— otherwise
2-(b + h)-fy

(SDG 4.2.11 - #4 Min.)

e

Area of Temp and Shrnk Reinforcing: Ay = A s(bm-,-s,spa-rs]

Checkpg = |"OK"™ if Apg = A i ft A Agygain = Ag Pt A Agrs 2 Ay o ft

"No Good" otherwise

Maximum Spacing of Temperature
and Shrinkage Reinforcement:

STgmay := Min(3-h,18in, 12mn)

ChECkSpa = |"OK" if SPApp < STSmax  SPmain < $TSmax © SPATS = STSmax

"No Good" otherwise

cw umentsSchoal FlesCGNESTO Masters Thasis
\Tradditional DesignLRFD Traotiona Deck Design xmeod

Aippr = 044].{12

Agnp 0.465-inz

|CheckDistRein = "OK" |

in
EH O'II‘T

A

(SDG 4.2.11 - 12in Max.}

Age = [l.465-i112

Checkpg = "OK"
STsmax = 12-In

Checksys = "OK"

Page 8of 9
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EVALUATION OF THE EMPIRICAL DECK DESIGN

LRFD TRADITIONAL DECK DESIGN BEAM SPACING =12 FEET
(EQUIVALENT STRIP METHOD)

Deck Reinforcement Summary

Main Reinforcement, Transverse (Bot.). Use# bar,,=5 barsat Spa . =55«
Main Reinforcement, Transverse (Top): Use# bar,,,=5 barsat Spa,..,=55in
Distribution Reinforcement, Longitudinal (Bottom): Use# barpp=35 bars at Spapp = 8in (Max.)
Temperature and Shrinkage, Longitudinal (Top): Use# barpg=5 barsat  Spapg=8in (Max)

cw el FUes\COGNEST0 Master's Thasts Page 9of 9
\Tradational DesignilRFD Tradtional Deck Design xmod 9
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EVALUATION OF THE EMPIRICAL DECK DESIGN

" X Job Mo Shest Mo Ry
(’ 12 Foot Spacir 1
Software licensed to Infrastructure Engineers, Inc FatDeck DC & DW Loads
Job Title. Georges El-Gharib Thesis kel
B GIE bat15-Sept13 e
Cliont— UNF Fle 42 foot DT Moments. std l”""""“m“ 16-Sep-2013 20:53
Job Information
Engineer Checked Approved
Name: GIE
Date: 15-Sept-13
Comments
Finding Dead Load Moments for deck design
| structure Type | PLANE FRAME |
Mumber of Nodes G | Highest Node G
Mumber of Elements 5 | Highest Beam 5
MNumber of Basic Load Cases 2
Mumber of Combination Load Cases 0
Included in thig printouf are data for:
| Al | The Whole Structure |
neluded in this printout are results for load cases:
Type Lic Name
Primary 1 DC COMPONENTS DEAD LOADS
Primary 2 DW FWS DEAD LOAD
Nodes
Node X ¥ z
(ft) (ft) (ft)
1 0.000 0.000 0.000
2 4.000 0.000 0.000
3 16.000 0,000 0.000
4 28.000 0.000 0.000
] 40.000 0.000 0.000
3] 44.000 0.000 0.000
Beams
Beam | Node A | Node B| Length |Property B
() degrees)
1 2 1 4.000 1 0
2 2 3 12.000 1 0
3 3 4 12.000 1 0
4 4 5 12.000 L 0
5 5 3] 4.000 1 1]
Ennt Timey TBOE2013 20 55 STAAD.Pro V8i (SELECTseries 4) 20.07.09.20 Print Run 1 of 3
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EVALUATION OF THE EMPIRICAL DECK DESIGN

" X Job Mo Shest Mo Ry
j” 12 Foot Spacir, 2
Sofware licensed to Infrastructure Enginears, Inc PetDeck DC & DW Loads
Job Title. Georges El-Gharib Thesis kel
B GIE bat15-Sept13 e
Cliont— UNF Fle 42 foot DT Moments. std l”"""""m“ 16-Sep-2013 20:53
Section Properties
Prop Section Area [ [ J Material
(in’) {in%) (in) {in)
1 Rect 8.00x12.00 96.000 | 1.15E+3 | 512.008 1.2E+3 | CONCRETE
Supports
Node X Y Zz [ rY rZ
(kipfin} (kip/in) (kipfin) | (kip fideg) | (kip fi/deg) | (kip ft/deg)
2 Fixed Fixed Fixed = i =
3 = Fixed - - - -
4 - Fixed - - - =
5 Fixed Fixed Fixed - - -
Basic Load Cases
Number Name
1 DC COMPONENTS DEAD LOADS
DW FWS DEAD LOAD
Beam Maximum Moments
Digfances fo mﬁxim: are given ﬁfoir beamend A,
Beam | Node A | Length Lic d Max My d Max Mz
(ft) (ft) (kip'in) (ft) (kipin}
1 2 4,000 | 1:DC COMPOP | Max -ve 0.000 0.000 0.000 26.640
Max +ve 0.000 0.000 4.000 -0.000
2:DW FWE DE | Max -ve 0.000 0.000 0.000 1.440
Max +ve 0.000 0.000
2 2 12.000 | 1:0C COMPOP | Max -ve 0.000 0.000 0.000 26.640
Max +ve 0.000 0.000 7.000 -5.108
2:DW FWS DE | Max -ve 0.000 0.000 12.000 2.303
Max +ve 0.000 0.000 6.000 -1.268
3 3 12,000 | 1:DC COMPOP | Max -ve 0.000 0.000 0.000 15.418
Max +ve 0.000 0.000 6.000 -10.502
2:DW FWS DE | Max -ve 0.000 0.000 0.000 2.303
Max +ve 0.000 0.000 6.000 -0.937
4 4 12,000 | 1:DC COMPOL | Max -ve 0.000 0.000 12.000 26.640
Max +ve 0.000 0.000 5.000 -5.106
2:DW FWE DE | Max -ve 0.000 0.000 0.000 2,303
Max +ve 0.000 0.000 6.000 -1.368
5 5 4.000 | 1:.DC COMPOP | Max -ve 0.000 0.000 0.000 26,640
Max +ve 0.000 0.000
2:DW FWE DE | Max -ve 0.000 0.000 0.000 1.440
Max +ve 0.000 0.000 4.000 -0.000

Pt TimeDate

STAAD.Pro V8i (SELECTseries 4) 20.07.09.20

Prnt Run 2 of 3

113



EVALUATION OF THE EMPIRICAL DECK DESIGN

r" % Job Mo Sheet No Rey
r’ 12 Foot Spacir 3
Software licensed to Infrastructure Enginears, Inc FalDeck DC & DW Loads
Job Title. Georges El-Gharib Thesis Ret
B GIE bat15-Sept13 e
Cliant— UNF Fle 12 foot DC Moments.std il]mm’nme 16-Sep-2013 20:53
L%
A o,
1 " Load | : BendingZ
Moment - Kip-n
Whole Structure Mz 3.6kip-in:1ft 1 DC COMPONENTS DEAD LOADS
A ' -
P L\“ 1 2303 kip<n II."
,]' i 1,440 Kip-in f }{AWKIHH
) \ A h
\ i |
_Al ]Jw L«l : ,[ [ — — ‘ ‘l ‘ Baoosipn
1 ‘ y \ /
“ 1 wn ‘ 2k u'uyl;l
1 " Load 2 : Bending T
Momant - Kip-in
Whole Structure Mz 0.24Kip-in 1 2 DW FWS DEAD LOAD
Ennl Time/Date. 16082013 20 55 STAAD.Pro V8i (SELECTseries 4) 20.07.09.20 Print Run 3 of 3
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EVALUATION OF THE EMPIRICAL DECK DESIGN

Appendix E: Finite element model sample, 6-foot beam spacing
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN

Codes and Specification

BEAM SPACING = 6 FEET

* "AASHTO LRFD Bridge Design Specifications "American Association of State Highway and
Transportation Officials (AASHTO), 6th Edition, 2012 with Interims through 2013.

= “Florida Department of Transportation Structures Design Guidelines for Load and

Resistance Factor Design,” January 2013 Edition.

e "Florida Department of Transportation Design Standards", 2014,

[¥]— Reinforcing Dimensions
Input

(NOTE: For deck slabs, use same reinforcement Top & Bot. Do not include Integral Wearing Surface in "h" OR "cover")

Variables:
Beam Type:
Concrete Strength:

Concrete Weight:
Aggregate Correction Factor:
Yield Strength of Reinforcing Steel:

Width of Design Section:
Height of Design Section (deck thickness):

Height of Sacrificial Wearing Surface;

Load Reduction Factor for Moment (Initial Guess):
Top cover:

Bottom cover:

Exposure Condition:

Beam Spacing:

Future Wearing Surface:

Weight of SIP Forms:

Width of Traffic Railing Barrier:

Width of Raised Sidewalk:

Traffic Railing Barrier:

Weight of Median:

Bridge Skew:

CsersvGearpesiDocumentsiSonoal NissGRADUATE YEARSICGN 6570
Masters Thesis\FE STAAD Modets\FE Deck Design xmeod

(Use 2,3, 4,5, 6 FBT72, FET78, FIB36, FIB45, FIB54,

Beam := "FIB36"|ppa3 Fig72, FIB78)

o= 5500ps (Assume Extremely Aggr Env., use Class IV CIP
Bridge Deck Concrete, SDG Table 1.4.3-1)

wei= 150-pe (SDG Table 2.2-1)

r—

(SDG 1.4.1.A)

(SDG 4.2.2 B - For new construction of "Short Bridges” ofher
than Inverted-T Beam bndge superstructunes, the minimum
thickness of bridge decks cast-Hn-place (CIP) on beams or
girders is 8-inches.

=1 F1E1 [F

] i1 |

il 12z | @

2 o

b by -
X -

0.0ir

vt =
cover, ;= 1.5ir

= 1L.5ir

o
i
o
©
£

(SDG Table 1.4.2-1)
(SDG Table 1.4.2-1)
(SDG 4.1.8)

[+]
[=]
-
g
o

I(:xlxmu.rc_ccm(liu'(m = "Class ‘l"l

Speam = 6ft + 0.01r

2
i
]
(=)
E

WS = 15ps (SDG Table 2.2-1)
1P

Wiy == 1.5

[Skew = mean[(0),(0)] deg] ——

Page 1 of 8
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN BEAM SPACING = 6 FEET
Weight of Sidewalk: [ow = [ Oin + (Wi + Wiy)-0.00](Wiaay + We) W] Wy = 0-plf
Weight of Pedestrian/Bicycle Railing .
and Fence: I“’bnrr ped = Oplf + 0P“1 Wharr pea = 0-plf
DEoffamifeperties
Top Flange Width: by = 48-in
Web Width: tw = T-in
Concrete Unit Weight for
Modulus of Elasticity Calc: o= 145pef (SDG 1.4.1.A)
1.5
Madulus of Elasticity - e £ ) .
Deck: Eoi= 3301)04(1{1(&{) . ’E-km E = 3845.8-ksi (AASHTO 5.4.2.4)
Modulus of Elasticity .
Reinforcing Steel: Ey := 29000ksi (AASHTO 5.4.3.2)
E
Modular Ratio: n= |'()11nd[—sJ n=258 (AASHTO 57 1}
¢
Area of Deck Section: Aqi=hb A= 84-in”
Crack Control Exposure P 1.00 if exposure condition = "Class 1" He=1 (AASHTO 5.7.3.4)

Condition Factor:

0.75 otherwise

Design Moment

Location of Negative Live Load Design Moment:

AASHTO LRFD 462 1.6 -—= The design section for negative moments and shear forces, where investigated, may be
taken as foflows:

For precast [-shaped concretfe beams ... .crossection (k) from Table 4.6.2.2 1-1;

one-third the flange width, but not exceeding 15.0 in from the centerline of support.

The negative live load design moment is (1 . :
taken at a distance from the supports: LoChegative := M1 ;'1’5’15'“ LoGnegative = 15.0-m

[¥] AASHTO Table A4-1 - Deck Slab Design Table
Dead Load Moments for Moment Analysis:

"DC" loads include the dead load of structural components and non-structural attachments

Self-weight of Deck Slab: Welah i= [(h + hm].h] W, Wiah = 0.088-KIf

Weight of Traffic Railing Phamier = Wharrier'D Pharrier = 0.420:kip

Barriers:
CsersuFeargesDocum entaScnoal_NiefGRADUATE YEARSICGN 6570 Page 2of 8
Mast

ter's Thesis\FE STAAD Modets\FE Deck Design xmod
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN BEAM SPACING = 6 FEET

Weight of Pedestrian/Bicycle Railing PourTypeks ©= Wharr ped-D Poarrypexc = 0.000-kip
and Fence:
Weight of Median: Winedian °= Wmed Winedian = 0.000-k1f
Weight of Sidewalk YD kIf
ig idewalk: W = Wy = 0.000-
NN W -

Stay-in-Place Forms: Wejp == SIP:b Waip = 0.020-K11
"DW" loads include the dead load of a future wearing surface and utilities
Weight of Future Wearing Surface: Vs == FWS-b Wiws = 0.015-kIf
Max. Positive Live Load Moment:

o ft ft
From Finite Element Model: = 2.586-kip-— M = 2.86-kip-—

A 2 Ty LL_pos L

Max. Negative Live Load Moment:

From Finite Element Model:

From Finite Element Models o
MLL neg = 1.14.1<1p.E

ft
MI,I, neg — Ll“k.lpE

CousersiZeargesDocumentsiSinodl Niss'GRADUATE YEARSICGN 6570 Page 30f8
Master's ThesiS\FE STAAD ModetséFE Deck Design xmod
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN BEAM SPACING = 6 FEET

Summary of Moments:

Max Moments between the beams:

Max. Positive Service DC Moment: My py, := 0.315-kip-% Mpe pos = ﬂ.JlS-kip-t—i (See STAAD Outpuf)
= w [

Max. Negative Service DC Moment: [Mp. Negt= u,los‘kip.% Mpc neg = mos.kip% (See STAAD Output)

: :
Max. Positive Service DVW Moment: | = 0,064 ki i M = 0.064-ki 2
; Mpw _pos i= 0.064- p-ft DW_Pos = 0.003-KIp- (See STAAD Qutput)

Max. Negative Service DW Moment My weg © |].l]0(|-kip-E Mpbw Nea l)-kip-E (See STAAD Outpuf)
: i s ft

Load Combinations:

Maximum Service | Moment: Mservice = max{Mpc pos + Mpw pos + Mr1, pos:Mpe neg + Mpw peg + ML neg)-ft

Mgervice = 2-939-kip-fi

Maximum Strength | Moment: MSLrnlgih = ma};(l .25Mn(j_pm + l.sﬂ'l\rlnw_pm gl 'ZSNIDC_N‘S + l'S'MDW_Nrg ]ﬂ.

+1.75My, pos +1.75M1 neg

Mgtrength = 4-97-kip-ft

Applied Moment: Mapplied = Mstrength Mpplied = 4-97-kip-ft

Flexure Reinforcement
Minimum Reinforcement: (AASHTO 5.7.3.2.2 & See AASHTO 5.7.2 for Design Assumptions)

1:'I:
Modulus of Rapture:  (AASHTO 5426 = 024 [—ksi
& SDG 1.4.1.8) J ksi
b-h?
Moment of Inertia of Slab Section: Iy= —
k 12
Distance from the Extreme Tensile Fiber h
to the Neutral Axis of the Composite Section: W= 2
3 £l
Cracking Moment: My 1= —
¥t

CsersvGearpesiDocumentsiSonoal NissGRADUATE YEARSICGN 6570
Masters Thesis\FE STAAD Modets\FE Deck Design xmeod

f.= 562.85.psi

I, = 343-in*

M, = 4.897kip-fi

Page 4 of 8
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN BEAM SPACING = 6 FEET
Cracking Moment Limit: 1.2-M,, = 5.516-kip-ft
Des gin Ultimate My = [Msyength 1T Msrength = 1.2M My, = 5.516-kip-ft
Moment: : i
mm( 1.33Mgirength » LZMU] otherwise
Distance from Extreme Compressive - dbar(barnmin) 4 — 5188-i
Fiber to Centroid of Reinforcing Steel: R 2 e A
" P} . Mll
Nominal Strength Ceefficient of Resistance: R, = —— R, = 227.751.psi
2
Pabd,

m = 12.834
ACI p Equation: p = 0.003893
)
Agreqapos = p-b-de Agreqdpos = 0.242-In
- . "
Minimum Required A between beams AinReq = Aereqdpos AsMinReq = 0.242-1m
Use Main Reinforcing: SPamain = 12.001
Diameter of Bar: dp, == diygy baryin) d, = 0.625.in
Area of Reinforcing in . 12-in
a Section 1 ft Wide: Aoy daulel =
: ; 32
Area of Reinforcing: Agyiain == A S(b'ﬂ“—mainespamain] Agpvain = 0.31-1n
MainF
Depth of Equivalent Rectangular a: M a = 0.332-in
Stress Block: 0.85.f:b
Ratio of Reinforcement _ Ashain
Provided: AN T, p = 0.005
;'A'Jicfaw}mrgcb\l.'unmcm‘-&xﬂwl NiEsAGRADUATE YEARSCGN 6570 Page50of9

ter's Thesis\FE STAAD Modets\FE Deck Design xmod

120



FINITE ELEMENT DECK DESIGN

Determine ‘ (Tension or Compression Controlled Section):

EVALUATION OF THE EMPIRICAL DECK DESIGN

BEAM SPACING = 6 FEET

(AASHTO 5.7.2.1 &AASHTO 5.7.2.2)

Determine location of N.A
using Whitney Stress Block.:

Distance from the Extreme
Compression Fiber to the N.A.:

Actual Tensile Strain in
Extreme Tension Steel:

Comp. and Tension Controlled Section
Limits of Net Tensile Strain in the
Extreme Tensicn Steel:

Comp. and Tension Controlled
Reinforced Concrete Section
Resistance Factors:

Determine Controlling Force:

Determine Controlling Resistance
Factor;

Factored Flexural Resistance:

Ultimate Moment:

Check Moment Capacity:

CsersvGearpesiDocumentsiSonoal NissGRADUATE YEARSICGN 6570
Masters Thesis\FE STAAD Modets\FE Deck Design xmeod

fo— 4-ksi
Br:= [mad| 085 - 0.08| ——— ||.0.68| if f, > 4ksi B, = 0.775
1
0.85 otherwise
e
Ceomp = 8, Ceomp = 0.428-in
de Ceomp -
gr:= 0.003.——— (AASHTO Figure C5.7.2.1-1) N
Ccomp e = 0.033
0.002 Compression Controlled if & <or= 0.0002
ST _Limits *= ) .
0.005 Tension Controlled if & >or= 0.0005
. (D.?S Compression Controlled
0.90 Tension Controlled PASHIR SR

Controlling := | "Compression" if < 1 {jmis Controlling = "Tension"

]

"Tension" if E1 2 €T Limits
1

"In Transition” otherwizse

D= ¢'ll if Controlling = "Compression”

dpr = 0.9

d)l if Controlling = "Tension™

liIlI.erp(ET Li.mi[ssd),e'[‘) otherwise
a .
My == by Agpgain: g..(de 3] M, = 7.005-kip-ft

M, = 5.516-kip-t

CheckMoment := |"OK" if ¢M, = M, |CheckMoment = "OK" |

"No Good"

if &M, < M,

Page 6of 9

121



EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN

Crack Control Check

Thickness of Concrete Cover Measured

from Extreme Tension Fiber to Center
of the Flexural Reinforcement Located
Closest Thereto:

Depth of Neutral Axis

Tensile Stress in Reinforcement at the
Service Limit State:

Ratio of Flexural Strain at the Extreme
Tension Face to the Strain at the
Centroid of the Reinforcement Layer
Nearest the Tension Face:

Maximum Reinforcement Spacing
for Crack Control:

Reinforcement Spacing
Provided:

Check Spacing:

Distribution Reinforcement

For primary reinforcement perpendicular to traffic

Distance Between Beam
Flange Tips:

Flange Overhang:
Effective Span Length:

Distribution Reinforcement %

CsersvGearpesiDocumentsiSonoal NissGRADUATE YEARSICGN 6570
Masters Thesis\FE STAAD Modets\FE Deck Design xmeod

BEAM SPACING = 6 FEET

(AASHTO 5.7.3.4)

dy
d, 1= covery + —
2
b-
fix):= —  ix de
2-Agviain 1
K= root[f(x),x:ﬂ,dc)
Mgervice
fsh' = —x
AsMain'(du =z ;]
df
Byi= 14+ —— (AASHTO 5.7 .3 4-1)
ﬂf?-(h - ‘lc)
700"}‘: dc
S = - 2-— |-in (AASHTO 5.7.3.4-1)
8 in
ﬁ-s'_
" ksi
Sactual = SPamain
CheckSpacing : "No Good" il 5,401 = Smax

"OK" otherwise

(AASHT0 9.7.3.2)

D1 = Syeam — bt

D2:=by—tyg
spey = D1 + D2 (AASHTO 9.7.2.3)
3 220
DR := mi ,67 |-%
SPeff
ft

d, = 1.812.in

x=1272-n

f. = 23.883ksi

By = 1.499

Snax = 15.926-in

Sactual = 12+10

|CheckSpacing = "OK" |

Dl =2ft

D2 = 341710
sper = 541711

DR = 67-%

Page 7 of 8
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN BEAM SPACING = 6 FEET

Area of Steel Required: Apr = DR-Agfain

Use Dist. Reinforcement: |h@rvl—, - EI |SpaDI;: 12.0i|1 (Max.)

Area of Reinforcing
Provided:

Agpp A_s(‘tn-u'm, i SP“DP)
CheckDistRemn := |"OK" il Agqp = Agpr

"No Good"  otherwise

Temperature & Shrinkage Reinforcement: (AASHTO 5.10.8.2)

Area of Steel Required for Temp & Shrinkage:

ki
2 1.30-'i-b-h 2
n . in-ft in
Ag= |011— if ——— <011 —
< fit 2.(b + h)-f, ft
-
3 l.so-mi-h-h "
i . m
0.60 — if —————— > 0.60—
ft 2-(b + h)fy ft
Xi
1.30.— b.h
in- f
—— otherwise
2-(b + h)-fy

(SDG 4.2.11 - #4 Min.)

e

Area of Temp and Shrnk Reinforcing: Ay = A s(bm-,-s,spa-rs]

Checkpg = |"OK™ if Apg 2 A o ft A Agygain = Ag Pt A Ay 2 Ay o ft

"No Good" otherwise

Maximum Spacing of Temperature
and Shrinkage Reinforcement:

STgmay := Min(3-h,18in, 12mn)

ChECkSpa = |"OK" if SPApp < STSmax  SPmain < $TSmax © SPATS = STSmax

"No Good" otherwise

CsersvGearpesiDocumentsiSonoal NissGRADUATE YEARSICGN 6570
Masters Thesis\FE STAAD Modets\FE Deck Design xmeod

.2
Aipr = 0.208-1n

Agpp = 0.31- i1|z

|CheckDistRein = "OK" |

in
EH O'II‘T

A

(SDG 4.2.11 - 12in Max.}

Agre = 0.31- in2

Checkpg = "OK"
STSmax = 12-in

Checksys = "OK"

Page 8of 9
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN BEAM SPACING = 6 FEET

Deck Reinforcement Summary

Main Reinforcement, Transverse (Bot. ). Use# bary,,=5 barsat Spa . = 12.n
Main Reinforcement, Transverse (Top): Use# bar,,,=5 barsat Spa .. =12in
Distribution Reinforcement, Longitudinal (Bottom): Use# barpp=5  barsat  Spapp = 12-in (Max.)
Temperature and Shrinkage, Longitudinal (Top): Use# barg=5 barsat  Sparg = 12-in (Max.)
Esers GoarozDocuments Genoal NS GRADUATE YEARSICEN 6570 Page 9 of 8

ter's Thesis\FE STAAD Modets\FE Deck Design xmod
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EVALUATION OF THE EMPIRICAL DECK DESIGN

F:,‘ Job Mo Sheat Mo 1 (S
ey : :
j:s'.':r.w.z'\'.-I.r\'.'n'.nr: to Infrastructire Enginars, inc Farg foot spacing 70 foot span
Job Titls. Emperical Deck Design i
B GIE Patps-July-13 0
Clont FDOT Fle 6-70.std [”-"--‘-"'mﬁ 15-Dec-2013 13:08

Job Information

Engineer Checked Approved
Name: GIE
Date: 05-July-13
Comments
FIE 36

| structure Type | SPACE FRAME |

Mumber of Nodes 842 | Highest Node 842
MNumber of Elements 345 | Highest Beam 1115
Mumber of Plates 770 | Highest Plate 824
Mumber of Basic Load Cases 3
MNumber of Combination Load Cases 1

Included in this printout are data for:
I All | The Whole Structure I

Included in this printout are results for load cases:
Type Lic Name
Generation 2 LOAD GENERATION, LOAD #2, (1 of 21)
Generation 3 LOAD GENERATION, LOAD #3, (2 of 21)
Generation 4 LOAD GENERATION, LOAD #4, (3 of 21)
Generation -] LOAD GENERATION, LOAD #5, (4 of 21)
Generation 6 LOAD GENERATION, LOAD #6, (5 of 21)
Generation 7 LOAD GENERATION, LOAD #7, (6 of 21)
Generation 8 LOAD GENERATION, LOAD #8, (7 of 21)
Generation 9 LCAD GENERATION, LOAD #9, (8 of 21)
Generation 10 LOAD GENERATION, LOAD #10, (9 of 21}
Generation 1 LOAD GENERATION, LOAD #11, (10 of 2-
Generation 12 LOAD GENERATION, LOAD #12, (11 of 2°
Generation 13 LOAD GENERATION, LOAD #13, (12 of 2
Generation 14 LOAD GENERATION, LOAD #14, (13 of 2
Generation 15 LOAD GENERATION, LOAD #15, (14 of 2
Generation 16 LOAD GENERATION, LOAD #16, (15 of 2
Generation 17 LOAD GENERATION, LOAD #17, (16 of 2
Generation 18 LOAD GENERATICON, LOAD #18, (17 of 2
Generation 18 LCAD GENERATION, LOAD #19, (18 of 2
Generation 20 LOAD GENERATION, LOAD #20, (19 of 2
Generation 21 LOAD GENERATION, LOAD #21, (20 of 2
Generation 22 LOAD GENERATION, LOAD #22, (21 of 2
Generation 23 LOAD GENERATION, LOAD #23, (1 of 13)
Generation 24 LOAD GENERATICN, LOAD #24, (2 of 13)
Generation 25 LOAD GENERATION, LOAD #25. (3 of 13)

Pnt TimeDate: 135

015 13.22 STAAD.Pro V8i (SELECTseries 4) 20.07.09.20 Print Run 1 of 5
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EVALUATION OF THE EMPIRICAL DECK DESIGN

Plate Thickness

Prop | Node A Node B Node C Node D Material
(in) (in} (i) {in}

1 7.000 7.000 7.000 7.000 | CONCRETE
2 12.000 12.000 12.000 12.000 | CONCRETE

Materials

[ Wat Name E v Density a

(kip/in®) (kip/in®) (FF)

1 STEEL 29E+3 0.300 0.000 6E -6
2 STAINLESSSTEEL 2BE+3 0.200 0.000 10E -6
3 ALUMINUM 10E+3 0.330 0.000 13E-6
4 CONCRETE 3.15E+3 0.170 0.000 SE -6

F' - Job Mo Shest No Ree
5 :
Softwars licensed to Infrastructire Enginears, Inc Farg foot spacing 70 foot span
Job Titls. Emperical Deck Design i
By GIE a5 July-13 Chd
Clont FDOT Fle 6-70.std [”-"--‘-"'mf= 15-Dec-2013 13:09
Job Information Cont...
Type LiC Name
Generation 26 LOAD GENERATION, LOAD #26, (4 of 13)
Generation 27 LOAD GENERATION, LOAD #27, (5 of 13)
Generation 28 LOAD GENERATION, LOAD #28, (6 of 13)
Generation 29 LOAD GENERATION, LOAD #28, (7 of 13)
Generation 30 LOAD GENERATION, LOAD #30, (8 of 13)
Generation 31 LOAD GENERATION, LOAD #31, (9 of 13)
Generation 32 LOAD GENERATION, LOAD #32, (10 of 1
Generation 33 LOAD GENERATION, LOAD #33, (11 of 1%
Generation 34 LOAD GENERATION, LOAD #34, (12 of 1
Generation 35 LOAD GENERATION, LOAD #35, (13 of 1
Section Properties
Prop Section Area lyy [ J Material
(in?) (in) (in") (in*)
3 | Reet 36.00x36.00 13E+3 | 140E+3 | 140E+3 | 236E+2 | CONCRETE
4 | Rect 18.00x18.00 324000 | 875E+3| 875E+3 | 14.8E+3 | CONCRETE
5 | FiB-36 810.187 | 81.4E+3 | 128E+3 | 31.1E+3 | CONCRETE
6 | TYPEFBARRIERL 401375 | 6.5E+3 36E+3 | 14.1E+3 | CONCRETE
7 | TYPEFBARRIER 403.781 | B.65E+3 | 36.1E+3 | 14.4E+3 | CONCRETE

Pnt TimeDate: 135

STAAD.Pro V8i (SELECTseries 4) 20.07.09.20
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EVALUATION OF THE EMPIRICAL DECK DESIGN

F' X Job Mo Shest Mo Ry
5 :
L : :
Softwars licensed to Infrastructire Enginears, Inc Farg foot spacing 70 foot span
Job Titls. Emperical Deck Design i
By GIE Patns. July-13 cnd
Cliont — FDOT Fle §-70.std l”""""“m“ 15-Dec-2013 13.08
Supports
Node X Y z rX rY rZ
(kip/in) (kipfin} (kip/in) | (kip ft/deqg) | (kip ft/deq) | (kip ft/deg)
1 Fixed Fixed Fixed Fixed Fixed Fixed
2 Fixed Fixed Fined Fixed Fixed Fixed
3 Fixed Fixed Fixed Fixed Fixed Fixed
4 Fixed Fixed Fixed Fixed Fixed Fixed
] Fixed Fixed Fixed Fixed Fixed Fixed
6 Fixed Fixed Fixed Fixed Fixed Fixed
7 Fixed Fixed Fixed Fixed Fixed Fixed
813 Fixed Fixed Fixed Fixed Fixed Fixed
814 Fixed Fixed Fixed Fixed Fixed Fixed
815 Fixed Fixed Fixed Fixed Fixed Fixed
816 Fixed Fixed Fixed Fixed Fixed Fixed
817 Fixed Fixed Fixed Fixed Fixed Fixed
818 Fixed Fixed Fixed Fixed Fixed Fixed
819 Fixed Fixed Fixed Fixed Fixed Fixed
Basic Load Cases
Number Name
1 SELFWEIGHT
36 STAY IN PLACE FORMS
ar FUTURE WEARING SURFACE

Moving Loads: Loads 2 to 22

Initial Position Increment
Type X Y Z X Y Z Range
(ft) {ft) (ft) () (ft) (ft) ()
1 0.000 0.000 21.000 2.000 - - -

Moving Loads: Loads 23 to 35

There is no data of this type - Analysis resulfs are not available

Beam Displacement Detail Summary

Displacements shown in italic indicate the presence of an offsel
Beam Lic d X Y z Resultant
(ft) (in) {in) (in) (in)

Mazx X 829 24:LOAD GEN| 2.000 0.010 -0.097 0.002 0.098
Min X 978 24:LOAD GENI 1.800 -0.010 -0.099 0.002 0.100
Max Y 15 30:LOAD GENI 4.000 0.003 0.002 -0.003 0.005
Min Y 907 24:LOAD GENI 1.000 -0.000 -0.220 0.002 0.220
Max 2 S04 24:LOAD GENI 0.000 0.000 -0.003 0.005 0.006

Pnt TimeDate: 135
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EVALUATION OF THE EMPIRICAL DECK DESIGN

1

W

Softweare hoensed Lo Infrastructure Engnesrs, Inc

dob No

Shest No

Rev

Farg foot spacing 70 foot span

Job Tille: Emperical Deck Design

Red

B GIE D5 July-13 Chd
Cient  FpOT Fil® §.70.std ]D‘“e"'r M 15-Dec-2013 13:09
Plate Centre Stress Su mmary
Shear Membrane Bending
Plate Lic Qx Qy Sx Sy Sxy Mx My Mxy
(psi} (psi) (psi) (psi) (psi) (Ib infin) (Ibinfin) (Ib indin)
Max Qx 309 | 24:LOAD GENI 7.186 8117 | -140.322 20.477 50473 | B47.441 | 213E+3 | -183.724
Min Qx 535 | 24:LOAD GENI -7.186 8117 | -140.317 20477 | -50474| 6474268 213E+3| 183728
Max Qy 498 | 33:LOAD GENI 0.418 1.842 | -177.033 27961 | -24218| 821577 | 232E+3| 123884
Min Qy 492 | 24:.LOAD GENI 0419 | -11.842| -177.083 27.928 24215 | 821583 | 232E+3 | -123.921
Max Sx 41 24:LOAD GENI 3.977 -0.104 | 157.934 | -14.847 90738 | -208.015 43.113 | -240.951
Min Sx 489 | 24:L0AD GENI 0.460 -1384 | -190.690 28.098 3260 | s8e6.888 | 2.20E+3 85.991
Max Sy 802 | 23:LOAD GENI -3.226 1.296 1.802 87.036 | -31371] -129.181| -216.881 21.860
Min Sy 485 | 23:LoAD GENI 5.905 -0.006 11.379 | -125.651 26066 | 611.658 | 343.777 | -146.144
Max Sxy 41 24:LOAD GENI 3.977 -0.104 | 157934 | -14.847 99.738 | -298.015 43.113 | -240.961
Min Sxy 806 | 24:LOAD GENI -3.977 -0104 | 157.933 | -14.846 | -99.737| -298.013 43.112 | 240,958
Max Mx 490 24:.LOAD GENI -0.262 -0270 | -177.299 23.835 -1.438 | 915.246 | 2.22E+3 -1.144
Min Mx 417 24:.LOAD GENI 3.143 -0.000 2.744 | -101.776 0.000 | -489.511 -1.345 -0.002
Max My 421 24:LOAD GENI 0.000 10,154 | -165.133 27.900 -0.000 | 779.696 | 2.56E+3 0.003
Min My 382 | 24:LOAD GENI 0301 | -10800| -120.584 15.772 -8.207 30.481 | 4.14E+3 | 111.896
Max Mxy | 256 | 33:.LOAD GENI -0.745 -4773 | -85214 4515 | -47371| 195137 572248 | 467.438
MinMxy | 818 | 33:LOAD GENI 0.745 -4773| -85.212 4.514 47370 | 195132 | 572246 | -467.436
3D Rendered \View (Input data was mocdified after picture taken)
Prnt Time/Diate. 151212013 13,22 STAAD.Pro V&i (SELECTseries 4) 20.07.09.20 Print Run 4 of 5
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EVALUATION OF THE EMPIRICAL DECK DESIGN

P" Jobi No Shest Mo Rev
‘j Softveare hcensed to Infrastructure Engneers, Inc Parg foot spacing 70 foot span

Job Title. Emperical Deck Design Red
B GIE D5 July-13 Chd
Cient - FpOT Fil# 6.70.std ]D‘"e”""'* 15-Dec-2013 13.00

Typical Section (input data was modified after picture taken)

MY (ioeal)
Ieindin
<= 1145
g 413
=]
-502
o
219
.=12 L}
TG
EQO?'
39
-1 m
1402
1624
1865
087
328
»n 2560

ooo

%x & e Load 24

Positive & Negative LL Moments

Frint TimeDate, 15122013 13,22 STAAD.Pro V&i (SELECTseries 4) 20.07.09.20 Print Run 5o 5
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EVALUATION OF THE EMPIRICAL DECK DESIGN

g e Job Mo Sheet Na Rev
-J:s'.';r.w.z'\'.-I.r.\'.'nf.nc to Infrastructur Engingars, Inc "arg foot spacing 70 foot span
Job Titls. Emperical Deck Design i
B GIE Patps-July-13 0
Cliont — FDOT Fle §-70.std l”"""‘”'m“ 15-Dec-2013 13.08
Plate Centre Stress Summary
Shear Membrane Bending
Plate Lic Qx Qy Sx Sy Sxy Mx My Mxy
(psi) {psi} {psi) {psi) {psi) ({Ib'infin} {Ibinfin} {Ib'indin)

Max Qx 433 | 100:DC LOADS 0.000 -0.316 | -229.253 30.320 -0.000 | 472265 | 314.692 -0.000
Min Qx 428 100:DC LOADE -0.000 2184 | -248.806 33.872 -0.000 445.580 119.359 -0.000
Max Qy 448 100:DC LOADS 0.000 3496 | -178.008 20.372 -0.000 350.055 | -101.967 -0.000
Min Cry 437 100:DC LOADS -0.000 -3.200 | -177.656 20.425 -0.000 349,601 | -103.771 -0.000
Max Sx 437 | 100:DC LOADS -0.000 -3.200 | -177.656 20.425 -0.000 | 349.601 | -103.771 -0.000
Min Sx 428 | 100:DC LOADS -0.000 -2.185 | -249.820 33.866 0.000 | 445.562 119.187 0.000
Max Sy 425 | 100:DC LOADS -0.000 2184 | -249.806 33.872 -0.000 | 445.580 119.359 -0.000
Min Sy 419 100:DC LOADE 0.000 3186 | -178.008 20.372 -0,000 350.055 | -101.867 -0.000
Max Sxy 424 100:DC LOADS 0.000 -1.934 | -239.918 32.884 0.000 445,409 165.494 0.000
Min Sxy 425 100:DC LOADS 0.000 2319 | -245.056 33.383 -0.000 438.414 100.432 -0.000
Max Mx 427 100:DC LOAD{ 0.000 0.066 | -244.751 32.099 -0.000 483.777 306.548 0.000
Min Mx 437 | 100:DC LOADS -0.000 -3.200 | -177.656 20.425 -0.000 | 349.601 | -103.771 -0.000
Max My 423 | 100:DC LOADS 0.000 0.314 | -229.394 30.271 0.000 | 472416 | 315.016 -0.000
Min My 437 100:DC LOADS -0.000 -3.200 | -177.636 20.425 -0.000 349.601 -103.771 -0.000
Max Mxy 427 100:DC LOADS 0.000 0.066 | -244.751 32.089 -0.000 483.777 306,548 0.000
Min Mxy 419 100:DC LOADS 0.000 31486 | -178.009 20.372 -0.000 350.055 | -101.867 -0.000

Prnt Time/Diate. 15 STAAD.Pro Vai (SELECTseries 4) 20.07.09.20 Print Run 1 of 1
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EVALUATION OF THE EMPIRICAL DECK DESIGN

g e Job Mo Sheet Na Rev
-J:s'.';r.w.z'\'.-I.r.\'.'nf.nc to Infrastructur Engingars, Inc "arg foot spacing 70 foot span
Job Titls. Emperical Deck Design i
B GIE Patps-July-13 0
Cliont — FDOT Fle §-70.std l”"""‘”'m“ 15-Dec-2013 13.08
Plate Centre Stress Summary
Shear Membrane Bending
Plate Lic Qx Qy Sx Sy Sxy Mx My Mxy
(psi) {psi} {psi) {psi) {psi) ({Ib'infin} {Ibinfin} {Ib'indin)

Max Qx 427 | 3T.FUTURE W 0.000 -0.008 -15.116 2.083 -0.000 33.923 38.256 0.000
Min Qx 424 3TFUTUREW -0.000 -0.357 -14.663 2.068 0.000 289.667 20.723 0.000
Max Qy 448 3TFUTUREW 0.000 0.453 -10.065 0.977 -0.000 21.677 19.213 -0.000
Min Cry 437 ITFUTUREW -0.000 -0.453 -10.046 0.979 -0.000 21.644 19.128 0.000
Max Sx 437 | 3T.FUTUREW -0.000 -0.453 -10.046 0.979 -0.000 21.644 19.128 0.000
Min Sx 428 | 3T.FUTUREW 0.000 -0.358 -15.478 2.212 0.000 28.247 7.001 0.000
Max Sy 425 | 37:FUTUREW 0.000 0.358 -15.478 2.3 -0.000 28.248 7.015 0.000
Min Sy 419 37T FUTUREW 0.000 0,453 -10.065 0.977 -0,000 21.677 19.213 -0.000
Max Sxy 424 ITFUTUREW -0.000 -0.357 -14.665 2.068 0.000 289,867 20.723 0.000
Min Sxy 425 ITFUTUREW -0.000 0.346 -15.079 2.140 -0.000 28.236 £.458 -0.000
Max Mx 423 37.FUTUREW -0.000 -0.006 -13.861 1.842 Q.000 34.767 52.375 -0.000
Min Mx 437 | AT.FUTUREW -0.000 -0.453 -10.046 0.979 -0.000 21.644 19.128 0.000
Max My 420 | 37T:FUTUREW 0.000 0.100 -11.139 1.225 -0.000 32.058 63.893 0.000
Min My 428 3T FUTUREW 0.000 -0.358 -15.478 2.212 0.000 28.247 7.001 0.000
Max Mxy 420 ITFUTUREW 0.000 0.100 -11.138 1.225 -0.000 32.058 63,893 0.000
Min Mxy 423 3T FUTUREW -0.000 -0.006 -13.861 1.842 0.000 34.767 52.375 -0.000

Prnt Time/Diate. 15 STAAD.Pro Vai (SELECTseries 4) 20.07.09.20 Print Run 1 of 1
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EVALUATION OF THE EMPIRICAL DECK DESIGN

Appendix F: Finite element model sample, 12-foot beam spacing
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN

Codes and Specification

BEAM SPACING = 12 FEET

* "AASHTO LRFD Bridge Design Specifications "American Association of State Highway and
Transportation Officials (AASHTO), 6th Edition, 2012 with Interims through 2013.

= “Florida Department of Transportation Structures Design Guidelines for Load and

Resistance Factor Design,” January 2013 Edition.

e "Florida Department of Transportation Design Standards", 2014,

[¥]— Reinforcing Dimensions
Input

(NOTE: For deck slabs, use same reinforcement Top & Bot. Do not include Integral Wearing Surface in "h" OR "cover")

Variables:
Beam Type:
Concrete Strength:

Concrete Weight:
Aggregate Correction Factor:
Yield Strength of Reinforcing Steel:

Width of Design Section:
Height of Design Section (deck thickness):

Height of Sacrificial Wearing Surface;

Load Reduction Factor for Moment (Initial Guess):
Top cover:

Bottom cover:

Exposure Condition:

Beam Spacing:

Future Wearing Surface:

Weight of SIP Forms:

Width of Traffic Railing Barrier:

Width of Raised Sidewalk:

Traffic Railing Barrier:

Weight of Median:

Bridge Skew:

CsersvGearpesiDocumentsiSonoal NissGRADUATE YEARSICGN 6570
Masters Thesis\FE STAAD Modets\FE Deck Design xmeod

U
iR o I(:IBESS, FIB72, FIB78)
f. == 5500ps (Assume Extremely Aggr Env., use Class IV CIP
Bridge Deck Concrete, SDG Table 1.4.3-1)
wei= 150-pe (SDG Table 2.2-1)

(SDG 1.4.1.A)

(SDG 4.2.2 B - For new construction of "Short Bridges” ofher
than Inverted-T Beam bndge superstructunes, the minimum
thickness of bridge decks cast-Hn-place (CIP) on beams or
girders is 8-inches.

=l [F] [
il b | |
il ez | @
of B =
= A -
=

bisac

b

cover; := 1.5

o
i
o
©
£

(SDG Table 1.4.2-1)
(SDG Table 1.4.2-1)
(SDG 4.1.8)

covery := 150

I(:xlxmu.rc_ccm(liu'(m

Speam = 121t + 0.00

"Class 1"|

(SDG Table 2.2-1)

WS = 15ps

[Ews = 15551)
[Skew := mean[(0),(0)] deg] S

Page 1 of 8
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN BEAM SPACING = 12 FEET
Weight of Sidewalk: [ow = [ Oin + (Wi + Wiy)-0.00](Wiaay + We) W] Wy = 0-plf
Weight of Pedestrian/Bicycle Railing .
and Fence: I“’bnrr ped = Oplf + 0P“1 Wharr pea = 0-plf
DEoffamifeperties
Top Flange Width: by = 48-in
Web Width: tw = T-in
Concrete Unit Weight for
Modulus of Elasticity Calc: o= 145pef (SDG 1.4.1.A)
1.5
Madulus of Elasticity - e £ ) .
Deck: Eoi= 3301)04(1{1(&{) . ’E-km E = 3845.8-ksi (AASHTO 5.4.2.4)
Modulus of Elasticity .
Reinforcing Steel: Ey := 29000ksi (AASHTO 5.4.3.2)
E
Modular Ratio: n= |'()11nd[—sJ n=258 (AASHTO 57 1}
¢
Area of Deck Section: Aqi=hb A= lﬂti-in2
Crack Control Exposure P 1.00 if exposure condition = "Class 1" He=1 (AASHTO 5.7.3.4)

Condition Factor:

0.75 otherwise

Design Moment

Location of Negative Live Load Design Moment:

AASHTO LRFD 462 1.6 -—= The design section for negative moments and shear forces, where investigated, may be
taken as foflows:

For precast [-shaped concretfe beams ... .crossection (k) from Table 4.6.2.2 1-1;

one-third the flange width, but not exceeding 15.0 in from the centerline of support.

The negative live load design moment is (1 . :
taken at a distance from the supports: LoChegative := M1 ;'1’5’15'“ LoGnegative = 15.0-m

[¥] AASHTO Table A4-1 - Deck Slab Design Table
Dead Load Moments for Moment Analysis:

"DC" loads include the dead load of structural components and non-structural attachments

Self-weight of Deck Slab: Welah i= [(h + hm].h] W, Waah = 0113 -kIf

Weight of Traffic Railing Phamier = Wharrier'D Pharrier = 0.420:kip

Barriers:
CsersvGearpesiDocumentsiSonoal NissGRADUATE YEARSICGN 6570 Page 2of 9
Mast

ter's Thesis\FE STAAD Modets\FE Deck Design xmod
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN

Weight of Pedestrian/Bicycle Railing
and Fence:

Weight of Median:

Weight of Sidewalk:

Stay-in-Place Forms:

BEAM SPACING = 12 FEET

pbm"}'ypc.i{ = Wban_pﬂi'b

Wnedian *= Wmed

Web
Weg, 1=
R Wsw * V"Ibarr

SIP-b

Wi ©

"DW" loads include the dead load of a future wearing surface and utilities

Weight of Future Wearing Surface:

Max. Positive Live Load Moment:

From Finite Element Model:

Max. Negative Live Load Moment:

From Finite Element Model:

From Finite Element Models

CsersvGearpesiDocumentsiSonoal NissGRADUATE YEARSICGN 6570
Masters Thesis\FE STAAD Modets\FE Deck Design xmeod

Wiiyg := FWS-b

ft
= 4.080-kip-—
A b P Tt

o 1
MLL rieg = 2.14U-k1p-E

Poarrypek = 0.000-kip
Winedian = 0.000-k1f

Wy = 0.000-kIf

0.020-k1f

Wiip

Wiwe = 0.015kIf

o
MLL pos = 4.08-k|p-E

ft
MI,I, neg — 2«141{1]_)3

Page 3of 9

135



EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN

Summary of Moments:

BEAM SPACING = 12 FEET

Max Moments between the beams:

Max. Positive Service DC Moment:

Max. Negative Service DC Moment:

Max. Positive Service DWW Moment:

Max. Negative Service W Moment

Load Combinations:

Maximum Service | Moment:

Maximum Strength | Moment: Msirength := max(

Applied Moment:

Flexure Reinforcement

.
Mpe posi= 1.48-1(11)-3

it
Mg xes 1= 0-189-kip-—

o it
MD“"_POS = 0179 k_'lpE

i}
Mow xeg = 0029 kip—]

ft
Mpe pos = 1.48- kip-? (See STAAD Qutpuf)
b t

fit
Mg yeg = 0.189-kip-— (See STAAD Output)

ft
Mpw,_pos = 0.179-kip-— (See STAAD Output)

MDW Nea 0.029-kip.% (See STAAD Cutpuf)

Mgervice = max({Mpe pos + Mpw pos + My, pos: Mpe Neg + Mpw weg + My, |Jep,)'n

M applied = MSl.rmg[h

Mgervice = 5-739-kip-fi

1.25Mpc pos + 1.50-Mpw pos -+ 1.25Mpe Neg + 15 Mpw Neg -+
+1 '?5MLI,_’1m

ft
+1.75M1 neg
Mgtrength = 9.258-kip-ft

waliﬂi = 9.258k|p&

Minimum Reinforcement: (AASHTO 5.7.3.2.2 & See AASHTO 5.7.2 for Design Assumptions)

Modulus of Rapture:  (AASHTO &

& S0DG 1.4.1.8)

Moment of Inertia of Slab Section:

Distance from the Extreme Tensile Fiber
to the Meutral Axis of the Composite Section:

Cracking Moment:

Masters Thesis\FE STAAD Modets\FE Deck Design xmeod

CsersvGeargesiDocumentsiSonoal NissGRADUATE YEARSICGN 65

_ b’
ke 12
_h
_\’r—;
iy T
¥

m

fl:
426 1= 024 [— ksi
k!ﬂ

f.= 562.85.psi

I, = 729-in*

M,y = 7.598-kip-fi

Page 4 of 8
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN BEAM SPACING = 12 FEET
Cracking Moment Limit: 1.2-M,, = 9.118-kip-ft
Des gin Ultimate My = [Msyength 1T Msrength = 1.2M My, = 9.258-kip-ft
Moment: : ;
mm( 1.33Mgirength » LZMU] otherwise
Distance from Extreme Compressive - dbar(barnmin) Ao = 7.188-i
Fiber to Centroid of Reinforcing Steel: S TR el
" P} . Mll
Nominal Strength Ceefficient of Resistance: R = —— Ry = 199.133 psi
2
Pabd,

m = 12.834
ACI p Equation: p = 0.003393
X L 1 2
Agreqapos = p-b-de Agreqdpos = 0.293-in
o . "
Minimum Required A between beams AinReq = Aereqdpos AgMinReq = 0.293-1m0
Use Main Reinforcing: SPamain = 12.001
Diameter of Bar: dp, == diygy baryin) d, = 0.625.in
Area of Reinforcing in . 12-in
a Section 1 ft Wide: Aoy daulel =
< ; 32
Area of Reinforcing: Agyiain == A S(b'ﬂ“—mainespamain] Agpvain = 0.31-1n
MainF
Depth of Equivalent Rectangular a: M a = 0.332-in
Stress Block: 0.85.f:b
Ratio of Reinforcement _ Ashain
Provided: AN o p = 0.0036
;'A'Jicfaw}mrgcb\l.'unmcm‘-&xﬂwl NiEsAGRADUATE YEARSCGN 6570 Page50of9
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FINITE ELEMENT DECK DESIGN

Determine ‘ (Tension or Compression Controlled Section):

EVALUATION OF THE EMPIRICAL DECK DESIGN

BEAM SPACING = 12 FEET

(AASHTO 5.7.2.1 &AASHTO 5.7.2.2)

Determine location of N.A
using Whitney Stress Block.:

Distance from the Extreme
Compression Fiber to the N.A.:

Actual Tensile Strain in
Extreme Tension Steel:

Comp. and Tension Controlled Section
Limits of Net Tensile Strain in the
Extreme Tensicn Steel:

Comp. and Tension Controlled
Reinforced Concrete Section
Resistance Factors:

Determine Controlling Force:

Determine Controlling Resistance
Factor;

Factored Flexural Resistance:

Ultimate Moment:

Check Moment Capacity:

CsersvGearpesiDocumentsiSonoal NissGRADUATE YEARSICGN 6570
Masters Thesis\FE STAAD Modets\FE Deck Design xmeod

fo— 4-ksi
Br:= [mad| 085 - 0.08| ——— ||.0.68| if f, > 4ksi B, = 0.775
1
0.85 otherwise
e
Ceomp = 8, Ceomp = 0.428-in
de Ceomp -
gr:= 0.003.——— (AASHTO Figure C5.7.2.1-1) N
Ccomp e = 0.047
0.002 Compression Controlled if & <or= 0.0002
ST _Limits *= ) .
0.005 Tension Controlled if & >or= 0.0005
. (D.?S Compression Controlled
0.90 Tension Controlled PASHIR SR

Controlling := | "Compression" if < 1 {jmis Controlling = "Tension"

]

"Tension" if E1 2 €T Limits
1

"In Transition” otherwizse

D= ¢'ll if Controlling = "Compression”

dpr = 0.9

d)l if Controlling = "Tension™

liIlI.erp(ET Li.mi[ssd),e'[‘) otherwise
a .
OM,, 1= g Acnsain: g..(de 3] M, = 9.795-kip-ft

M, = 9.258-kip-ft

CheckMoment := |"OK" if ¢M, = M, |CheckMoment = "OK" |

"No Good"

if &M, < M,

Page 6of 9

138



EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN

Crack Control Check

Thickness of Concrete Cover Measured

from Extreme Tension Fiber to Center
of the Flexural Reinforcement Located
Closest Thereto:

Depth of Neutral Axis

Tensile Stress in Reinforcement at the
Service Limit State:

Ratio of Flexural Strain at the Extreme
Tension Face to the Strain at the
Centroid of the Reinforcement Layer
Nearest the Tension Face:

Maximum Reinforcement Spacing
for Crack Control:

Reinforcement Spacing
Provided:

Check Spacing:

Distribution Reinforcement

For primary reinforcement perpendicular to traffic

Distance Between Beam
Flange Tips:

Flange Overhang:
Effective Span Length:

Distribution Reinforcement %

CsersvGearpesiDocumentsiSonoal NissGRADUATE YEARSICGN 6570
Masters Thesis\FE STAAD Modets\FE Deck Design xmeod

BEAM SPACING = 12 FEET

(AASHTO 5.7.3.4)

dy
d, 1= covery + —
2
b-x
f(xX)=—+x-4d,
2-Agviain 1

Kz root[f(x),x:ﬂ,dc)

Mgervice
fsh' = —x
AsMain'(du = ;]
df
By= 14 ————— (AASHTO 5.7 .3 4-1)
ﬂf?-(h - (lc)
7007, d.
. _2=|in  (AASHTO 57.3.4-1)
8 in
Be—
" ksi
Sactual = SPamain
CheckSpacing : "No Good" il 5,401 = Smax

"OK" otherwise

(AASHT0 9.7.3.2)

D1 = Syeam — bt

D2:=by—tyg
spey = D1 + D2 (AASHTO 9.7.2.3)
3 220
DR := mi ,67 |-%
SPeff
ft

d, = 1.812.in

x = L529-in

f. = 33.268 ksi

8, = 1.36

Sinax = 11.844-in

Sactual = 12+10

|CheckSpacing = "No Good” |

D1 = 8ft
D2 = 341710
sper = 114171t

DR = 65.111:%

Page 7 of 8
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN BEAM SPACING = 12 FEET

Area of Steel Required: Apr = DR-Agfain

Use Dist. Reinforcement: |h@rvl—, - EI |SpaDI;: 12.0i|1 (Max.)

Area of Reinforcing
Provided:

Agpp A_s(‘tn-u'm, i SP“DP)
CheckDistRemn := |"OK" il Agqp = Agpr

"No Good"  otherwise

Temperature & Shrinkage Reinforcement: (AASHTO 5.10.8.2)

Area of Steel Required for Temp & Shrinkage:

ki
2 1.30-'i-b-h 2
n . in-ft in
Ag= |011— if ——— <011 —
< fit 2.(b + h)-f, ft
-
3 l.so-mi-h-h "
i . m
0.60 — if —————— > 0.60—
ft 2-(b + h)fy ft
Xi
1.30.— b.h
in- f
—— otherwise
2-(b + h)-fy

(SDG 4.2.11 - #4 Min.)

e

Area of Temp and Shrnk Reinforcing: Ay = A s(bm-,-s,spa-rs]

Checkpg = |"OK™ if Apg 2 A o ft A Agygain = Ag Pt A Ay 2 Ay o ft

"No Good" otherwise

Maximum Spacing of Temperature
and Shrinkage Reinforcement:

STgmay := Min(3-h,18in, 12mn)

ChECkSpa = |"OK" if SPApp < STSmax  SPmain < $TSmax © SPATS = STSmax

"No Good" otherwise

CsersvGearpesiDocumentsiSonoal NissGRADUATE YEARSICGN 6570
Masters Thesis\FE STAAD Modets\FE Deck Design xmeod

.2
Agpr = 0.202.1n

Agpp = 0.31- i1|z

|CheckDistRein = "OK" |

in
EH O'II‘T

A

(SDG 4.2.11 - 12in Max.}

Agre = 0.31- in2

Checkpg = "OK"
STSmax = 12-in

Checksys = "OK"

Page 8of 9
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EVALUATION OF THE EMPIRICAL DECK DESIGN

FINITE ELEMENT DECK DESIGN BEAM SPACING = 12 FEET

Deck Reinforcement Summary

Main Reinforcement, Transverse (Bot. ). Use# bary,,=5 barsat Spa . = 12.n
Main Reinforcement, Transverse (Top): Use# bar,,,=5 barsat Spa .. =12in
Distribution Reinforcement, Longitudinal (Bottom): Use# barpp=5  barsat  Spapp = 12-in (Max.)
Temperature and Shrinkage, Longitudinal (Top): Use# barg=5 barsat  Sparg = 12-in (Max.)
Esers GoarozDocuments Genoal NS GRADUATE YEARSICEN 6570 Page 9 of 8
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EVALUATION OF THE EMPIRICAL DECK DESIGN

| % Job b Sheet Na 1 Rev
Eii] : -
j:s'.':r.w.z'\'.-I.r\'.'n'.nr: to Infrastructire Enginars, inc Fartq2 foot spacing 70 foot span
Jab Title: Emperical Deck Design kel
B GIE Pt 3-Oct-13 it
Clent  EDQT Fle 12.70,std [”-"--‘-"'mﬁ 13-0ct-2013 16:51

Job Information

Engineer Checked Approved
Name: GIE
Date: 13-Oct-13
Comments
FIB 36

| structure Type | SPACE FRAME |

Mumber of Nodes 836 | Highest Node 836
MNumber of Elements 228 | Highest Beam 1009
Mumber of Plates 770 | Highest Plate 805
Mumber of Basic Load Cases 3
MNumber of Combination Load Cases 1

Included in this printout are data for:
I All | The Whole Structure I

Included in this printout are results for load cases:
Type Lic Name
Generation 2 LOAD GENERATION, LOAD #2, (1 of 21)
Generation 3 LOAD GENERATION, LOAD #3, (2 of 21)
Generation 4 LOAD GENERATION, LOAD #4, (3 of 21)
Generation -] LOAD GENERATION, LOAD #5, (4 of 21)
Generation 6 LOAD GENERATION, LOAD #6, (5 of 21)
Generation 7 LOAD GENERATION, LOAD #7, (6 of 21)
Generation 8 LOAD GENERATION, LOAD #8, (7 of 21)
Generation 9 LCAD GENERATION, LOAD #9, (8 of 21)
Generation 10 LOAD GENERATION, LOAD #10, (9 of 21}
Generation 1 LOAD GENERATION, LOAD #11, (10 of 2-
Generation 12 LOAD GENERATION, LOAD #12, (11 of 2°
Generation 13 LOAD GENERATION, LOAD #13, (12 of 2
Generation 14 LOAD GENERATION, LOAD #14, (13 of 2
Generation 15 LOAD GENERATION, LOAD #15, (14 of 2
Generation 16 LOAD GENERATION, LOAD #16, (15 of 2
Generation 17 LOAD GENERATION, LOAD #17, (16 of 2
Generation 18 LOAD GENERATICON, LOAD #18, (17 of 2
Generation 18 LCAD GENERATION, LOAD #19, (18 of 2
Generation 20 LOAD GENERATION, LOAD #20, (19 of 2
Generation 21 LOAD GENERATION, LOAD #21, (20 of 2
Generation 22 LOAD GENERATION, LOAD #22, (21 of 2
Generation 23 LOAD GENERATION, LOAD #23, (1 of 13)
Generation 24 LOAD GENERATICN, LOAD #24, (2 of 13)
Generation 25 LOAD GENERATION, LOAD #25. (3 of 13)

FPant Time/Date: 13

015 17.01 STAAD.Pro V8i (SELECTseries 4) 20.07.09.20 Print Run 1 0f &
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EVALUATION OF THE EMPIRICAL DECK DESIGN

Plate Thickness

Prop | Node A Node B Node C Node D Material
(in) (in} (i) {in}

1 8.000 8.000 8.000 8.000 | CONCRETE
2 12.000 12.000 12.000 12.000 | CONCRETE

Materials

[ Wat Name E v Density a

(kip/in®) (kip/in®) (FF)

1 STEEL 29E+3 0.300 0.000 6E -6
2 STAINLESSSTEEL 2BE+3 0.200 0.000 10E -6
3 ALUMINUM 10E+3 0.330 0.000 13E-6
4 CONCRETE 3.15E+3 0.170 0.000 SE -6

F' - Job Mo Shest No Ree
S :
Softwars licansed to Infrastnucturo Engingers, Ine Fartq2 foot spacing 70 foot span
Jab Title: Emperical Deck Design kel
By GIE Date1 3. Oct-13 Chd
Clent FpQT File 12-70.std [”-"--‘-"'mf= 13-0ct-2013 16:51
Job Information Cont...
Type LiC Name
Generation 26 LOAD GENERATION, LOAD #28, (4 of 13)
Generation 27 LOAD GENERATION, LOAD #27, (5 of 13)
Generation 28 LOAD GENERATION, LOAD #28, (6 of 13)
Generation 29 LOAD GENERATION, LOAD #29, (7 of 13)
Generation 30 LOAD GENERATION, LOAD #30, (8 of 13)
Generation EX LOAD GENERATION, LOAD #31, (9 of 13)
Generation 32 LOAD GENERATION, LOAD #32, (10 of 1
Generation 33 LOAD GENERATION, LOAD #33, (11 of 1:
Generation 34 LOAD GENERATION, LOAD #34, (12 of 1
Generation 35 LOAD GENERATION, LOAD #35, (13 of 1:
Section Properties
Prop Section Area lyy [ J Material
(in?) (in) (in") (in*)
3 | Rect 26.00%35.00 1.3E+3 | 140E+3 | 140E+3 | 236E+3 | CONCRETE
4 | Rect 18.00x18.00 324000 | 875E+3| B875E+3 | 14.8E+3 | CONCRETE
5 | FIB-36 810.187 | 814E+3 | 128E+3 | 31.1E+3 | CONCRETE
6 | TYPEFBARRIERL 401.375 6.5E+3 36E+3 | 14.1E+3 | CONCRETE
7 | TYPEFBARRIER 403.781 | 665E+3 | 36.1E+3| 14.4E+3 | CONCRETE

Pnt TimeDate: 13

STAAD.Pro V8i (SELECTseries 4) 20.07.09.20
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EVALUATION OF THE EMPIRICAL DECK DESIGN

| %l Job Mo Shest Mo ey
r’ 3
Software licensed to Infrastructurs Enginears, Inc 12 foot spacing 70 foet span
Jab Title: Emperical Deck Design kel
B GIE Pt 3-Oct-13 it
Cliont  EDOT File 12-70.5td [oaeTme 43.0ct-2013 16351
Supports
Node X Y z rX rY rZ
(kip/in) (kipfin} (kip/in) | (kip ft/deqg) | (kip ft/deq) | (kip ft/deg)
1 Fixed Fixed Fined Fixed Fixed Fixed
2 Fixed Fixed Fined Fixed Fixed Fixed
3 Fixed Fixed Fixed Fixed Fixed Fixed
4 Fixed Fixed Fixed Fixed Fixed Fixed
810 Fixed Fixed Fixed Fixed Fixed Fixed
811 Fixed Fixed Fixed Fixed Fixed Fixed
812 Fixed Fixed Fixed Fixed Fixed Fixed
812 Fixed Fixed Fixed Fixed Fixed Fixed

Basic Load Cases

Number Name
1 SELFWEIGHT
36 SIP
ar FWS

Moving Load Definition : Type 1
Type vs Factor

(ft)
HS20 - 1.330

Moving Load Definition : Type 2

Width
(1)
14.000

Force Distance
(kip) (f)
42.560 -
42 560 6.000

STAAD.Pro V8i (SELECTseries 4) 20.07.09.20 Print Run 3 of 6
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EVALUATION OF THE EMPIRICAL DECK DESIGN

g % Job b Sheet Na Rev
S :
Eii] : -
Softwars licensed to Infrastructire Enginears, Inc Fé42 foot spacing 70 foot span
Jab Title: Emperical Deck Design kel
B GIE Pt 3-Oct-13 it
Clent  EDQT Fle 12.70,std [”-"--‘-"'mﬁ 13-0ct-2013 16:51

Beam Displacement Detail Summary

Displacements shown in italic indicate the presence of an offset
Beam LiC d X Y z Resultant
(ft) (in) (in) (in) (in)

Max X 30 7.LOAD GENE 2.000 0.011 -0.036 0.000 0.037

Min X 955 27:.LOAD GENI 1.800 -0.010 -0.141 0.001 0.141
Max Y 893 33.LOAD GENI 1.000 -0.000 0.005 -0.004 0.007

Min Y 895 27:LOAD GENI 1.000 -0.000 -0.308 0.000 0.309
Max Z 892 24;LOAD GENI 1.400 -0.000 0.005 0.004 0.007

Min Z 893 33:.LOAD GENI 0.400 -0.000 0.005 -0.004 0.007
Max Rst 895 27:.LOAD GEN| 1.000 -0.000 -0.309 0.000 0.309

Plate Centre Stress Summary

Shear Membrane Bending
Plate L/iC Qx Qy Sx Sy Sxy Mx My Mxy
(psi) {psi) (psi) {psi) {psi) (Ib'insin) {Ib'infin) {lb'in/in)
Max Qx 307 | 27:.LOAD GEN 12.186 4950 | -142.422 27.098 71310 | 1.21E+3 | 3.47E+3 -56.688
Min Qx 527 | 27:.LOAD GEN -12.186 4950 | -142.417 27.097 -71.311 | 121E+3 | 3.47E+3 56.692
Max Qy 489 33 LOAD GEN 0.976 9.36 | -183.803 32.994 -27.182 1.6E+3 3.97E+3 B67.490
Min Qy 496 35:LOAD GEN 1.766 12,076 | -136.366 19.367 32274 1.05E+3 2.08E+3 | -112.337
Max Sx 44 27:.LOAD GEN 6.218 -0.061 223140 0.012 127.151 -664 359 7.193 | -492.752
Min Sx 484 27:LOAD GENI 1.018 -7.307 | -1890.990 34.456 23.708 1.6E+3 3.76E+3 61.617
Max Sy 37 23:LOAD GEN -2.952 -3.572 30.307 | 131.190 53.773 | -317.706 | -466.871| -172.776
Min Sy 477 | 23:LOAD GEN 8.999 -1.093 15.083 | 123129 26.502 | 1.34E+3| 779.121 | -164.737
Max Sxy 44 27.LOAD GEN 6.218 -0.061 223140 0.012 127.151 -664.259 7.193 | -492752
Min Sxy 792 27:LOAD GEN -6.218 -0.061 223138 0013 | -127.150 | -664.354 7.193 492 748
Max Mx 483 27:LOAD GENI 0919 B.860 | -187.633 33,858 -20.814 1.61E+3 4.01E+3 75513
Min Mx 805 35:.LOAD GEN 1.193 Q775 -79.984 0.934 -22038 | -896.265 -89.302 1.195
Max My 424 | 30:.LOAD GEN 0.000 -6.307 | -160.723 33.163 -0.000 | 143E+3 | 4.08E+3 -0.003
Min My 423 | 24:LOAD GEN -0.000 -6.879 -81.153 8.579 -0.000 -65.929 | -2.14E+3 -0.003
Max My 787 27:.LOAD GEN 0.565 -2.094 0131 -16.241 -8.977 137.753 | -100.858 B77.713
Min Mxy 39 27.LOAD GEN -0.565 -2.084 0.131 -16.241 8.977 137.756 | -100.881 -877.722
Pt Time/Diate: 13710 STAAD.Pro V8i (SELECTseries 4) 20.07.09.20 Print Run 4 of &
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P" Jobi No Shest Mo Rev
J Software hoenssd Lo Infrastructure Engneers, Inc Part 12 foot spacing 70 foot span
Jobi Tille: Emperical Deck Design Ref
& GIE D43 Oct-13 Chd
et FDOT Fis 12-70,std [Eeemne 13.00-2013 16:51
3D Rendered View
3D Rendered View
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Job Mo Shest No Rev

6

g

W

Pa42 foot spacing 70 foot span

Hoftwane licensed to Infrastructure Enginears, Ino

Job Titls. Emperical Deck Design i
B GIE Dati13-Oct-13 ch
e —— Fle 12-70.std [oaeTme 43.0ct-2013 16351
MY lacal)
Ib-indin

<1586

1248
1603

1957

Gl

(1]
3020
3aira
3T28
4083

mmEg

[;x

Load 30

Fositive Moment MY

MY flacal)
Ib-iruin

b

z : Load 24

MNegative Moment MY

Print TimeDiate. 1310/2013 17.01 STAAD.Pro V8i (SELECTseries 4) 20.07.09.20 Print Run 6 of 6
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EVALUATION OF THE EMPIRICAL DECK DESIGN

T

0

Software licensed to Infrastructure Enginears, Inc

Job Mo

Shest No

Pa42 foot spacing 70 foot span

«Job Title: Emperical Deck Design

Ref

B GIE Pt 3-Oct-13 it
Cliant — EDOT Fle 12-70.std l”"""‘”'m“ 21-Dec-2013 14:28
Plate Centre Stress Summary
Shear Membrane Bending
Plate Lic Qx Qy Sx Sy Sxy Mx My Mxy
(psi) {psi} {psi) {psi) {psi) ({Ib'infin} {Ibinfin} {Ib'indin)
Max Qx 429 | 100:DC LOADE 0.000 -6.054 | -147.073 15.500 0.000 ] 900.234 | -158.716 -0.000
Min Qx 412 100:DC LOAD: -0.000 6.051 | -147.427 15.456 -0.000 801.117 | -155.546 -0.000
Max Qy 412 100:DC LOAD: -0.000 6.051 | -147.427 15.456 -0.000 8901.117 | -155.546 -0.000
Min Cry 428 100:DC LOAD: 0.000 -6.054 | -147.073 15.500 0.000 900.234 | -158.716 -0.000
Max Sx 429 | 100:DC LOAD: 0.000 -6.054 | -147.073 15.500 0.000 | 900.234 | -158.716 -0.000
Min Sx 418 | 100:DC LOAD 0.000 5613 | -202.522 27.700 0.000 ] 1.13E+3| -109.480 -0.000
Max Sy 423 | 100:DC LOAD! 0.000 -5.614 | -202.445 27.724 0.000 ] 1.13E+3 | -109.989 0.000
Min Sy 413 100:DC LOAD: 0.000 3936 [ -151.585 14.486 -0.000 113E+3 890.077 0.000
Max Sxy 423 100:DC LOADE 0.000 -5.614 | -202.445 27.724 0.000 113E+3 | -105.589 0.000
Min Sxy 424 100:DC LOAD: 0.000 5.235 | -197.866 27.153 -0.000 1.15E+3 71.215 -0.000
Max Mx 420 100:DC LOAD{ -0.000 1471 | -190.736 20.982 0.000 | 1.42E+3 1.39E+3 -0.000
Min Mx 429 | 100:DC LOADE 0.000 -6.054 | -147.073 15.500 0.000| 900.234 | -158.716 -0.000
Max My 415 | 100:DC LOAD! 0.000 -0.804 | -168.308 17.161 -0.000 | 1.34E+3 | 1.48E+3 0.000
Min My 428 100:DC LOAD: 0.000 -6.054 | -147.073 15.500 0.000 800.234 | -158.716 -0.000
Ma My 415 100:DC LOAD: 0.000 -0.804 | -168.308 17.161 -0.000 1.34E+3 1.4BE+3 0.000
Min Mxy 421 100:DC LOAD: 0.000 11721 -190.721 20.987 0.000 1.42E+3 1.39E+3 -0.000
Pt TimeTiate STAAD.Pro Vai (SELECTseries 4) 20.07.09.20 Print Run 1 of 1
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EVALUATION OF THE EMPIRICAL DECK DESIGN

g e Job Mo Sheet Na Rev

g Softwiars licensod to Infrastructuro Enginoers, Inc "ar12 foot spacing 70 foot span

Job Titls. Emperical Deck Design i

By GIE I".'ntf1 3-Oct-13 Chd
clont FDOT Fle 12-70.std [oaeTme 43.0ct-2013 16351
Plate Centre Stress Summary
Shear Membrane Bending
Plate Lic Qx Qy Sx Sy Sxy Mx My Mxy
(psi) {psi} {psi) {psi) {psi) ({Ib'infin} {Ibinfin} {Ib'indin)

Max Qx 424 | ITFWS 0.000 0.738 -15.673 2.375 -0.000 61.681 1.535 0.000
Min Qx 418 3T FWE -0.000 0.457 -15.552 2105 -0.000 80.812 87.828 -0.000
Max Qy 412 3T FWS -0.000 0.778 -10.374 0.815 -0.000 39.345 6.793 -0.000
Min Cry 429 ITFWS 0.000 -0.779 -10.351 0.917 -0.000 39.270 6.572 -0.000
Max Sx 428 | AT.FWS 0.000 -0.779 -10.351 0.917 -0,000 39.270 6.572 -0,000
Min Sx 418 | IT.FWS -0.000 0.755 -16.168 2.482 -0.000 58.674 -28.593 -0,000
Max Sy 423 | 3T:FWS -0.000 -0.755 -16.162 2.463 0.000 58.666 -28.579 0.000
Min Sy 412 3T FWSE -0.000 0778 -10.374 0.915 -0,000 39.345 6.793 -0.000
Max Sxy 423 ITFWS -0.000 -0.755 -16.162 2.463 0.000 56.666 -28.579 0.000
Min Sxy 412 3T FWS -0.000 0.778 -10.374 0.815 -0.000 39.345 6.793 -0.000
Max Mx 420 3IT:FWS -0.000 0.152 -15.242 1.925 -0.000 91.104 145.525 -0.000
Min Mx 428 | AT.FWS 0.000 -0.779 -10.351 0.917 -0.000 39.270 6.572 -0.000
Max My 414 | IT:FWS 0.000 0.167 -11.797 1.101 -0,000 80.734 178,960 0.000
Min My 418 3T FWS -0.000 0.755 -16.168 2.462 -0.000 58.674 -28.593 -0.000
Max Mxy 422 3T FWS -0.000 -0.457 -15.548 2.106 0.000 80.807 B87.836 0.000
Min Mxy 419 3T FWS -0.000 0.457 -15.552 2.105 -0.000 80.912 87.828 -0.000

Ennt Tmeate 1311 STAAD.Pro V8i (SELECTseries 4) 20.07.09.20 Print Run 1 of 1
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Mr. El-Gharib is a registered Professional Engineer with the State of Florida Board of
Professional Engineers, and is a member of the Tau Beta Pi Engineering honor society.

Mr. El-Gharib continues to work in the bridge engineering field and his most recent
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