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Abstract

Many bridges in the Birmingham area have deteriorated decks that need to be
rehabilitated or replaced. Several of these are major interstate bridges that carry large
volumes of traffic. Rehabilitation or replacement of the decks of these highly traveled
bridges must be done in a rapid manner to minimize interruption to traffic. Previous
experience has shown that deck rehabilitation only serves as a temporary solution and is
not the best option for decks that have supporting components with good remaining
service life. Therefore, rapid replacement of the deteriorated decks is the most feasible
option. Developing rapid replacement schemes is the primary focus of this report. Four
rapid deck replacement systems are investigated and sufficient joint and connection
details are determined for use on two test bridges. Of the four rapid deck replacement
systems, two are precast deck systems, which are to be installed on one of the test
bridges, and two are cast-in-place deck systems, which are to be installed on the other test
bridge. The precast deck systems are capable of being installed during over-night work
periods while the cast-in-place deck systems are capable of being installed during
weekend work periods. Construction sequences were developed for each of the deck
systems to understand the loads that the decks are subjected to. Each deck system has
been designed to resist these loads. The implementation of the deck systems on the test
bridges will assist in determining which deck system is the best option for replacement of

the deteriorated decks in the Birmingham area.
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1. Introduction

1.1. Motivation

Deck deterioration is one of the most common problems in bridges because the
service life of bridge decks is much less than that of other bridge components. This is
due to exposure to the environment, weather, and heavy truck loadings. Many bridges
that have good substructures and superstructures have decks that need to be rehabilitated
or replaced.

Some bridges carry high volumes of traffic making the deck rehabilitation or
replacement a difficult task. The rehabilitation or replacement on these high volume
bridges needs to be conducted with minimal impact on traffic. One way of doing this is
to replace the decking in a rapid manner during off peak hours, as in over-night or
weekend work periods.

The Alabama Department of Transportation (ALDOT) has over 3 miles of major
interstate bridges (3 to 5 lanes wide) with approximately 600,000 ft* of deteriorated
decking in need of replacement or rehabilitation in the Birmingham, AL area (Oliver v).
Rehabilitation has only served as a temporary fix in the past and has not proved to be a
reliable, long-term solution to fix the deteriorated decks. This along with the high
volume of traffic on these major interstate bridges makes rapid deck replacement the
most feasible option.

Sister bridges in Collinsville, AL will be used to test and determine the best rapid
replacement option for the bridges in the Birmingham area. Developing rapid

replacement schemes for these test bridges to determine a feasible solution for the



deteriorated decks in the Birmingham area is the primary focus and drive for this

research.

1.2.  Objective

The overall objective of this research was to develop effective and efficient design
and construction procedures for four viable rapid bridge deck replacement systems
which were identified by Auburn University researchers in an earlier phase of the
investigation. These systems, which will be described in detail in Chapter 2, are:

1. Exodermic steel grid panels with cast-in-place (CIP) concrete topping
2. Standard steel grid panels with cast-in-place (CIP) concrete topping
3. Prefabricated deck panels made of Exodermic steel grids and precast concrete
4. NCHRP full-depth precast concrete deck panels
Each of these four deck systems are to be placed on two adjacent simple spans of
sister bridges on [-59 over SR68 at Collinsville, AL. The design friendliness,
construction friendliness, construction time, product and construction costs, structural
performances, and projected long-term durability of each of the systems will be evaluated
and compared. Conclusions from this study will be used to determine the most feasible
option for replacement of the deteriorated decks in the Birmingham area.
The focus and objective of this research reported on herein is to develop construction
sequence plans and demonstrate design procedures for the four rapid deck replacement

systems identified above for use on the Collinsville, AL test bridges.



1.3.  Scope & Approach

The four deck systems indicated in Section 1.2 were investigated in this research.

Each of these deck systems is capable of rapidly replacing the existing deck.

Construction sequences were developed for each of these four systems to understand the

loads that the decking will be subjected to and to provide a strategy for the construction

on the test bridges. Once these loads were determined, the design adequacy of each of

the four systems was checked and design modifications were made as needed to

accommodate these loadings. The final design of each of the deck systems were

compared with each other and with the existing decking of the test bridges.

1.4. Work Plan

The work plan to accomplish the research objectives is outlined below:

1.

Review the literature on each of the four deck systems to determine a base
design and to acquire connection details.

Develop a proposed sequence of construction to understand how the loads will
be carried by each deck system.

Select an appropriate barrier rail to be used for each of the bridges.

Determine the loads that will be carried by each deck system.

Modity/Check the design of each of the four deck systems to accommodate
the loads determined in (4).

Check the behavior of each of the four systems.



1.5.  Organization

The first part of this chapter provides an overview of the basis for conducting this
research. The next part explains the objectives to be completed and how they are to be
fulfilled. The last part of this chapter explains the limitations and scope of this thesis.
Chapter 2 provides a description of the state of the bridges in need of deck replacement in
the Birmingham area and investigates the deck systems to be considered as feasible
options through their background and review of literature. Each of the systems is to be
tested on sister bridges that are described in Chapter 3. Chapter 4 discusses the proposed
modifications that will be implemented on each of the test bridges. Chapter 5 presents a
proposed sequence of construction for each of the sister bridges. The design of each of
the systems will need to be checked and modified as necessary to carry the loads specific
to these test bridges. These checks and modifications are described in Chapter 6. The
behavior of each of the deck systems under service loads is determined and checked in
Chapter 7. Finally, Chapter 8 discusses conclusions, recommendations, and other

remarks.



2. Background and Review of Literature

2.1. Background

Many highly traveled bridges in the Birmingham area have deteriorated decks that
are in need of rehabilitation or replacement. The deteriorated decking on these bridges
must be rehabilitated or replaced in a rapid manner to minimize interruption to the high
volumes of traffic.

There are many causes for deck deterioration. According to Oliver, the primary
causes in the state of Alabama are:

* Cracking due to early drying and thermal shrinkage
*  Weathering from freeze-thaw, wet-dry, and hot-cold cycling
* Later cracking from impact and fatigue from truck traffic

Deteriorated decks can be rehabilitated or replaced. Common rehabilitation practices
involve using a bonded deck overlay. ALDOT engineers and managers have had
negative results with these overlays (Oliver 4). “Overlays will debond and present
maintenance problems from the time of debonding until replacement” (Oliver 8). Thus,
rehabilitation only serves as a temporary fix and is not a practical solution for decks that
still have good superstructures (apart from the decking). The most feasible long-term
solution is to replace the deteriorated decking.

There are many solutions available to rapidly replace the decking. To determine the
most feasible options, several deck systems will be investigated and tested on two sister
bridges located in Collinsville, AL. The Collinsville, AL sister bridges were chosen for

this examination due to similarities to many of the interstate bridges in the Birmingham,



AL area. The deck systems to be tested on the sister bridges are identified and

investigated in the literature review section that follows.

2.2. Literature Review

2.2.1. General

Four deck replacement systems were selected to be investigated for this research.
These systems are all capable of achieving the primary goal of rapid replacement;
however, each system has unique features and capabilities. These systems were selected
based on previous research conducted by Russell S. Oliver and discussions with ALDOT
officials. As indicated in the work plan, a review of the literature of each of these
systems is essential in order to determine a base design and to acquire connection details.
The literature review for each of these systems follows.

Two of the deck systems are cast-in-place (CIP) while the other two are precast (PC).
One of the two cast-in-place systems is a standard steel grid deck with partial-depth
concrete. The other cast-in-place system is called an Exodermic deck. This system is a
steel grid made composite with a reinforced concrete slab. One of the two precast
systems is an Exodermic precast system similar to the cast-in-place Exodermic system,
except the concrete slab is cast prior to delivery to the construction site. The last of the
precast systems is a full-depth reinforced concrete system. This system is referred to in
the National Cooperative Highway Research Program (NCHRP) Report 584 and is a
modified version of the NU deck system designed by Nebraska University. This system
will be referred to as the NCHRP full-depth deck system. The cast-in-place deck systems

are to be installed over a weekend work period to allow for curing of the concrete slab



while the precast deck systems have potential to be installed during overnight work
periods. This overnight installation is made possible by the use of rapid curing closure

pours.

2.2.2. Exodermic Cast-in-Place Deck System

As previously mentioned, the Exodermic deck system consists of a steel grid deck
made composite with a reinforced concrete slab. An isometric view of the Exodermic
deck system is shown in Figure 2.1.

Exodermic deck systems have several advantages when compared to conventional
reinforced concrete decks. This deck system is much lighter which allows it to achieve
higher live load ratings. This reduction in weight does not sacrifice the strength,
stiffness, ride quality, or expected life of the system. Long-term service life can be
expected because the only welds used to assemble the grid are located near the neutral
axis of the composite section. This minimizes the stress at the welds providing better
fatigue resistance. Similarly, the distribution bar punch-out slots are also located near the
neutral axis providing a fatigue resistance that rarely controls design. Hot dip
galvanization of the grids will provide a strong resistance to corrosion, 50 plus years of
protection. Using epoxy coated or galvanized reinforcing bars can achieve further
corrosion protection. Above all of the advantages already listed, the major advantage to
the interest of this report is the possibility of rapid construction. (Exodermic Bridge

Deck, Inc.)
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Figure 2.1 Isometric View of Exodermic Deck System

2.2.3. Steel Grid Partial-Depth Cast-in-Place Deck System

There are three different types of steel grid deck systems; open grid, full depth, and
partial-depth. Open grid systems are the lightest and have the fastest and cheapest
installation. However, they have poor ride quality and are not very strong or durable.
Open grid systems are typically used on moveable bridges due to their light weight. Full
depth systems are the heaviest of the three, but are very durable. This is a good choice
when a reduction in dead load is not a main concern. The partial-depth system is
somewhere between the open grid system and the full depth system. The partial-depth
system was chosen for this investigation primarily to take advantage of its lightweight.

An isometric view of a partial-depth system is shown in Figure 2.2.



Figure 2.2 Isometric View of Steel Grid Deck System

2.2.4. Exodermic Precast Deck System

The Exodermic precast deck system has the same features and advantages as the
Exodermic cast-in-place deck system. The primary difference between the systems is the

connection details.

2.2.5. NCHRP Full-Depth Precast Deck System

The purpose of NCHRP Report 584 was to develop full-depth precast deck systems
that would address issues that have put a strain on construction time with other full depth
precast systems. To decrease construction time, the NCHRP full-depth deck systems
were designed without post tensioning or the use of an overlay. Overlays can take
several hours to cure before lanes can be open to traffic. To provide for a suitable ride
quality without the use of an overlay, the NCHRP full-depth deck systems are designed
with a quarter inch sacrificial layer that is to be used for texturing. This sacrificial layer

has been neglected from all resistance calculations.



NCHRP Report 584 developed two decking systems, CD-1 and CD-2. System CD-2
has not been tested and was not considered for this investigation. CD-1 has two different
sub systems, CD-1A and CD-1B. These two systems differ in the way that the panels are
connected together along the transverse joint. System CD-1A was the first design, but
required the panels to be installed at an angle to avoid interference with shear studs. This
greatly complicated the installation process. A demonstration of this process is shown in
Figure 2.3. System CD-1B was developed to avoid this complicated installation. System
CD-1B uses a lap splice to achieve continuity between panels. This system will require a
larger closure pour and much more care will need to be given to surfacing, but this
system is a much better choice for ease and quickness of installation. Figure 2.4 shows
the transverse panel-to-panel connection detail for system CD-1B. Since system CD-1B
will have a much easier and quicker installation compared to system CD-1A, system CD-
1B has been chosen for this investigation.

The NCHRP full-depth deck system was developed using a model that would be
adequate for the majority of bridges in the states. A couple of design decisions make the
NCHRP full-depth deck system conservative for our application. First of all, the NCHRP
full-depth deck system was developed for 12-ft girder spacing, but the test bridge girders
are spaced at 8-ft. The NCHRP full-depth deck system was also designed to withstand
the weight of a 2-inch overlay should one be needed in the future. The NCHRP full-
depth deck system could be refined for our application on account of the conservative

design decisions. However, it was chosen to use the original design.
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Figure 2.3 Installation of NCHRP Full-Depth Deck System CD-1A
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Figure 2.4 Transverse Connection Detail for NCHRP Full-Depth Deck System CD-1B

2.2.6. Barrier Rails

Several barrier rails were investigated for use on the sister test bridges. A detail for
each barrier rail as well as a comparison of each of them is presented in Section 4.3 of

this report.
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3. Description of the Collinsville Bridges

3.1. General

Identifying a test bridge for the rapid deck replacement work proved much more
difficult than anticipated. After considerable searching and discussions with ALDOT
personnel, sister bridges on I-59 over SR68 at Collinsville, AL had been selected with the
deck replacement work scheduled for FY2011. Collinsville is located approximately 20
miles northeast of Gadsden, AL. Pertinent information about the bridges is summarized
below.

Bridge Location:  1-59 at Collinsville, AL (over SR 68)

BIN: 007536 (SBR) and 007537 (NBR)

Year Built: 1962

Design Load: HS20-16

Number of 2

Lanes:

Width: 28’ curb-to-curb

Deck: 6” thick reinforced concrete (pea gravel concrete)
Support Girders: IS)IZE:; 36WF@150# (36-ksi yield strength) with Cover

Girder Spacing:  8’-0”
Span Length(s): 4 simple spans (56°-10/56°/56°/56’-10")
Shear Studs: ¥, dia. X 4” Nelson studs
The I-59 sister bridges over SR68 at Collinsville, AL are steel girder bridges
carrying interstate traffic. The bridges have girders acting compositely with the concrete
deck. They are similar to most of the Birmingham, AL bridges that need rapid deck
replacement, except the Birmingham bridges are much wider with somewhat longer span
lengths.
The sister bridges are on a curve, but the curve is so small that it is considered

negligible for the design of the decking. The deck panels will be designed and

manufactured as rectangles but will be placed as skewed as necessary to handle the slight
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curve. The cast-in-place portion of the decking will then shape and accommodate for the
small curve. The horizontal alignment details for each of the bridges are shown in Figure
3.1. Figure 3.2 depicts what these variables are aside from SE, which is the super
elevation of the bridges. P.I. is the station at the point of intersection of the two tangent
lines. P.C. is the point of curvature and defines the beginning of the curve. P.T. is the
point of tangency and defines the end of the curve. A is the central angle. D is the degree
of curvature or central angle for a 100-ft arc. R is the radius of the curve. T is the
tangent length from P.C. to P.I. or P.I. to P.T. L is the arc length of the curve, measured

from P.C. to P.T. E is the external distance or offset from the P.I. to the middle of the

curve.
HORIZONTAL CURVE DATA
SOUTHEOUMD LANE MORTHEOUND LAMNE
Pl STA 127247675 | Pl STA. 1272434 85
A= 1722'00" A = 17'48'20"
D = 1'00°00" D = 100°00"
R = 5728.58 R = 5729.58
T = 875.04 T = B87.51°
L = 173667 L = 1780.58"
E = 66.4F E = 69.87
SE = 0.028ft/ft SE = 0.028ft/ft

Figure 3.1 Horizontal Alignment Data for Test Bridges
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Figure 3.2 Horizontal Alignment Variables

Bridges consist of a superstructure and a substructure. The superstructure includes
everything above the abutments and piers. This includes the bearings, girders,
diaphragms, decking, and barriers. The substructure is everything below the
superstructure. This includes the foundation, abutments, and bents. A typical cross-
section of the existing superstructure is shown in Figure 3.3. Although they aren’t shown
in the figure, bearings transfer loads from the girders to the abutments and bents. The
girders rest on top of the bearings. The existing girders have a yield strength of 36-ksi
and are 36 WF@150# steel sections. This section is similar to the modern W36x150. The
girders have a 28-ft cover plate welded at mid-span. The cover plate detail is shown in
Figure 3.4. The girders are connected by 15C@33.9# diaphragms. This section is
similar to the modern C15x33.9. Diaphragms transmit lateral loads, provide bracing for
lateral torsional buckling, and aid in gravity load distribution. They also provide stability

during construction.

15



I -
¢ M : ‘Ejr‘
13'-10" | e | Lo
l - 28R P 8%
—-—2.8% R — - 1 t
.
\ .

Bxdx3 /B2 —0"
b e —— LEx4u, 2 = i
EEET e —— = Loxted /B 0" —~ T S i_
1 15C833.9¢ g 15083394  n _ ] 21—
: H . pm B e
- | — IEWFRIB0H <
— — ! ISWFB150 S04
IEWFDN S04 SEWF 1504 ! | ! |
P | g | " " g o_gr -
16'-7" 16'-7"

Figure 3.3 Typical Cross-Section of Existing Superstructure

Figure 3.4 Cover Plate Detail

The bridge decking is the next component of the bridge superstructure. The bridge
decking is made composite with the steel girders through %4 diameter x 4” Nelson shear
studs as shown in Figure 3.5. 6.25-in thick reinforced concrete was used for the decking
of the Collinsville bridges. A typical cross-section showing the reinforcing bars is shown

in Figure 3.6. Reinforcing bar details for this cross-section are shown in Table 3.1.

Figure 3.5 Shear Studs on Typical Bridge Girder
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Figure 3.6 Existing Decking Cross-Section

Table 3.1 Reinforcing Bar Details

A plan view of the bridges is shown in Figure 3.7. The primary importance of this
figure is to show abutment, bent, and span numbers, deck drainage direction, and the

general orientation of the bridges.

t——ss'—m” @ CL -—'[- 56" @ CL —i- 56' @ CL —-'[— 56'-10" @ CL——i
BACK OF ABUT # © BENT &2 @ BENT 43 € BENT #4 BACK OF ABUT #5

SPAN #1 SPAN #2 SPAN #3 SPAN #4 47"
EXISTING
EDGE OF DECK _— — - — - 4 _ _ - — _— -rl
8
EXISTING GIRDER o . - T B ACROSS — — — — 7 SOUTHBOUND
CENTER LINES —— — - — — ¢ — T DECK — — —— — —%— — T T wmaFC
- . L _ 1 DRAINAGE - — -
EXPANSION | EXPANSION &
EXISTING — _ e JONTS | _ “JOINT )
EDGE OF DECK L. ..
Ly—7
SOUTHBOUND LANE (SBR BRIDGE)
SPAN #1 SPAN #2 SPAN #3 SPAN #4 4'—7"
EXISTING —
EDGE OF DECK — — — = - — 4 — _ . - Tls'
EXISTING GIRDER - . 1 - T ACROSS -1 - - 4 NORTHBOUND
CENTER LINES — &t - —F - —% - B v R —&— _714' TOTRAFFIC T
_ EXPANSION T | ’ EXPANSION &
EXISTING — — e WONTS ] _ _ TOJONT - _LI
EDGE OF DECK ,
ty—7

NORTHBOUND LANE (NBR BRIDGE)

Figure 3.7 Plan View of Existing Bridges

The edge of the deck consists of a curb and a barrier rail as shown in Figure 3.6. A

typical section of the existing barrier rail is shown in Figure 3.8. The test rating of the
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existing rail is unknown and is unnecessary for this investigation. The average weight of

the existing barrier rail was estimated at 118 pounds per linear foot.

Figure 3.8 Typical Section of Existing Rail

3.2.  Bridge Photos

Select photos of the northbound roadway (NBR) and southbound roadway (SBR)
bridges are shown in Figures 3.9-3.13. As can be seen in Figures 3.9 and 3.10 only one of
the spans of each bridge is over a roadway, and thus both bridges are very accessible
from the underside. Figures 3.12 and 3.13 show that neither bridge has a shoulder and
any deck replacement should probably include a deck/bridge widening to include a
shoulder and Jersey barrier rails. Note in Figures 3.12 and 3.13 that both bridges have a
slight horizontal curvature, but when viewed from the underside, it appears that the

curvature is in the deck and rail and not in the girders.
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Figure 3.9 Side Elevation View of [-59 Bridges Over SR68 at Collinsville

Figure 3.10 I-59 (SBR) Bridge Over SR68 at Collinsville
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Figure 3.11 Underside View of [-59 (SBR) Bridge Over SR68

Figure 3.12 Topside View of I-59 (NBR) Bridge Over SR68
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Figure 3.13 Topside View of I-59 (SBR) Bridge Over SR68
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4. Description of Proposed Modifications

4.1. Bridge Widening

The existing Collinsville sister bridges are narrow (28’ curb-to-curb) two lane
bridges. In order to make the renovated sister bridges safer and to better replicate the
condition of the Birmingham, AL bridges, ALDOT engineers and the Auburn researchers
agreed that it would be better to widen the Collinsville bridges while in the rapid deck
replacement process. For the bridges/decks to be widened and New Jersey barriers to be
added, the abutments and support bents should be widened/prepared before beginning the
deck replacement work. This work can be done without interference with I-59 or SR68
traffic. When this work is completed, the deck replacement work can begin and can be
performed in two stages, wherein one lane of traffic is maintained at all times and the

partially prefabricated deck panels are field spliced near the bridge centerline.

4.2. Proposed Deck Systems

The decking is to be rapidly replaced by installing the four deck systems discussed in
Chapter 2. The two precast deck systems are to be installed on the Southbound Bridge in
Stages III and IV while the two cast-in-place deck systems are to be installed on the
Northbound Bridge in Stages I and II as shown in Figures 4.1 and 4.2. Details for each of

the deck systems follow.
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Figure 4.1 Existing and Proposed Renovated Superstructures of I-59 Bridges at Collinsville, AL
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Figure 4.2 Proposed Deck Rehabilitation and Construction Sequence
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4.2.1. NCHRP Full-Depth Precast Deck System

The NCHRP full-depth precast deck system is to be installed on Spans 1 & 2 of the
Southbound Bridge as shown in Figure 4.2. System CD-1B from the NCHRP Report 584
was chosen as the design of the system due to reasons previously discussed in Chapter 2.
An optional sacrificial layer of 1/4 inch is specified to allow for surface roughening or
texturing. The final design of this deck system is shown in Figure 4.3. Further details,
including conceptual construction details, are shown in Figures 4.4 through 4.10. Barrier

rail details are discussed in Section 4.3.

27" fTvD ) "
—-—13.33" (TVF.} 12 /—GHCUT TUBES & VENT LNES ~ #6 BARS

SHEAR POCKETS #4 BARS
e - - _|#3 BARS
%" STRANDS—Z70ksi

T ¥ .
SFACING VARIES

8"+1

ADJUSTABLE SHEET METAL FORM
ATTACHED TO GIRDER BY STRAPS
OR TURMBUCKLES

GIRDER
JEWF®@I 508

HAUNCH WARIES BETWEEN SHEAR POCKETS
(15" MINIMUMY

* |7 SACRIFICIAL LAYER FOR SURFACE GRINDING/TEXTURING (OPTIONAL)

Figure 4.3 NCHRP Full-Depth Precast Deck System Final Design
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Figure 4.4 Plan View of NCHRP Full-Depth Precast Deck System
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Figure 4.5 Cross-Section Details for NCHRP Full-Depth Precast Deck System
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Figure 4.6 NCHRP Full-Depth Deck System Girder Attachment Detail

Figure 4.7 NCHRP Full-Depth Deck System Staged Construction Joint Details
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Figure 4.8 NCHRP Full-Depth Deck System Transverse Panel-to-Panel Connection
Details
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Figure 4.9 NCHRP Full-Depth Deck System Existing to New Deck Transition Detail

Figure 4.10 NCHRP Full-Depth Deck System Expansion Joint Details
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4.2.2. Exodermic Precast Deck System

The Exodermic precast deck system is to be installed on Spans 3 & 4 of the
Southbound Bridge as shown in Figure 4.2. A preliminary design was chosen from
Exodermic design tables. A final design for this system was developed through design
checks and other design considerations. The final system consists of WT5x6 main bars
spaced at 10 inches center to center and #5 top reinforcing bars spaced at 5 inches. The
concrete thickness of this system was adjusted to achieve an overall depth of 8 inches.
This adjustment was made so that this system will be the same depth as the NCHRP full-
depth deck system that is to be installed on the same bridge. This will allow for similar
deck surface elevations without requiring an unreasonably large haunch. An optional Y4
inch sacrificial layer is also specified to provide for surface roughening or texturing. The
final design of this deck system is shown in Figure 4.11. Further details, including
conceptual connection details, are shown in Figure 4.12 through 4.20. Barrier rail details

are discussed in Section 4.3.

Figure 4.11 Exodermic Precast Deck System Final Design
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Figure 4.12 Plan View of Exodermic Precast Deck System
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Figure 4.13 Isometric View of Exodermic Precast Deck System

Figure 4.14 Exodermic Precast Deck System Panel Height Adjustment Details
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Figure 4.15 Cross-Section Detail of Exodermic Precast Deck System

Figure 4.16 Exodermic Precast Deck System Girder Attachment Detail

Figure 4.17 Exodermic Precast Deck System Staged Construction Joint Details
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Figure 4.18 Exodermic Precast Transverse Panel-to-Panel Connection Details

Figure 4.19 Exodermic Precast Deck System Expansion Joint Details
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Figure 4.20 Exodermic Precast Deck System Existing to New Deck Transition Detail

4.2.3. Exodermic Cast-in-Place Deck System

The Exodermic cast-in-place deck system is to be installed on Spans 1 & 2 of the
Northbound Bridge as shown in Figure 4.2. It was decided to use the same steel grid
panel for the Exodermic CIP system as that of the Exodermic PC system. The two
systems will have almost the same behavior. It was chosen to use the same design to
simplify the manufacturing process and reduce the cost of the steel grids. The Exodermic
Cast-in-Place system has a concrete slab that is cast in the field, which eliminates the
need for a sacrificial layer. The lack of a sacrificial layer and the concrete being cast in
the field and not precast are the only differences between this system and the Exodermic
precast system. The final design of this deck system is shown in Figure 4.21. Further
details, including the conceptual connection details, are shown in Figures 4.22 through

4.28. Barrier rail details are discussed in Section 4.3.
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Figure 4.21 Exodermic Cast-in-Place Deck System Final Design

Figure 4.22 Plan View of Exodermic Cast-in-Place Deck System
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Figure 4.23 Isometric View of Exodermic Cast-in-Place Deck System

Figure 4.24 Exodermic Cast-in-Place Deck System Panel Height Adjustment Detail
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Figure 4.25 Cross-Section Details for Exodermic Cast-in-Place Deck System

Figure 4.26 Exodermic Cast-in-Place Deck System Girder Attachment Detail
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Figure 4.27 Exodermic Cast-in-Place Deck System Staged Construction Joint Details

Figure 4.28 Exodermic Cast-in-Place Deck System Expansion Joint Details
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4.2.4. Steel Grid Partial-depth Cast-in-Place Deck System

The steel grid partial-depth cast-in-place system is to be installed on Spans 3 & 4 of
the Northbound Bridge as shown in Figure 4.2. A preliminary design for this system was
chosen from the L.B. Foster fabricated bridge products brochure. The system from this
brochure that best suits the sister bridges is the 5-inch RB 6.1 half-filled grid with
overfill. Thus, this system was chosen for the preliminary design. The concrete
thickness of this system was adjusted to achieve an overall depth of 8 inches. This
adjustment was made so that this system will be the same depth as the Exodermic system
that is to be installed on the same bridge. This was done for the same reason as the
increase in concrete thickness for the Exodermic precast system. That is, to allow for
similar deck surface elevations without requiring an unreasonably large haunch. The
final design of this deck system is shown in Figure 4.29 & 4.30. Further details,
including the conceptual connection details, are shown in Figures 4.31 through 4.37.

Barrier rail details are discussed in Section 4.3.

Figure 4.29 Steel Grid Cast-in-Place Deck System Details
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Figure 4.30 Main Rail Dimensions for Steel Grid Cast-in-Place Deck System

Figure 4.31 Plan View of Steel Grid Cast-in-Place Deck System
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Figure 4.32 Isometric View of Steel Grid Cast-in-Place Deck System

Figure 4.33 Steel Grid Cast-in-Place Deck System Panel Height Adjustment Details
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Figure 4.34 Cross-Section Details for Steel Grid Cast-in-Place Deck System

Figure 4.35 Steel Grid Cast-in-Place Deck System Girder Attachment Details
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Figure 4.36 Steel Grid Cast-in-Place Deck System Staged Construction Joint Details

Figure 4.37 Steel Grid Cast-in-Place Deck System Expansion Joint Details
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4.3. Proposed Barrier Rail

A barrier rail must be chosen for use on the sister bridges. There are several options
available including precast and cast-in-place barrier rails. The considerations for
comparison of these rails include average weight per length, curb width, and other
various pros and cons. The average weight per length is approximated due to scaled
dimensions from details. Minor components were also ignored in the weight calculations
such as anchor bolts. The barrier rails that were compared are listed below and a typical
cross-section for each is shown in Figures 4.38 through 4.44.

Precast Rails:

1. L.B. Foster Precast NJ-Shape (Figure 4.38)

2. D.S. Brown Precast Barrier Rail (Figure 4.39)
Cast-In-Place Rails:

3. ALDOT Standard Barrier Rail (Figure 4.40)

4. Concrete Jersey Safety Shape Bridge Rail (Figure 4.41)

5. 32-in Vertical Concrete Parapet (Figure 4.42)

6. Missouri 30-in New Jersey Concrete Barrier (Figure 4.43)

7. F-Profile Bridge Railing (Figure 4.44)
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Figure 4.38 L.B. Foster Precast NJ-Shape (FHWA 1997)

Figure 4.39 D.S. Brown Precast Barrier Rail
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Figure 4.41 Concrete New Jersey Safety Shape Bridge Rail (FHWA 1997)
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Figure 4.43 Missouri 30-in New Jersey Concrete Barrier (FHWA 1997)
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Figure 4.44 F-Profile Bridge Railing (FHWA 1997)

A summary of these barrier rails is shown in Table 4.1. The test rating for some of
these barrier rails are unknown; However, AASHTO Section 13.7.2 requires the barrier
rails for the sister bridges to be at least test level four (TL-4) since the rails are to be
installed on an Interstate highway. Barrier rails that have not been verified to be at least

TL-4 rated should not be considered.
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Table 4.1 Summary of Barrier Rails

Barrier | Test Avg | Curb
Barrier Rail Type | Rating Wt. | Width
(plf) | (in)

Existing NA N/A 118 | 12.00

1 | L.B. Foster Precast NJ-Shape Precast | TL-4 | 459 | 19.00

2 | D.S. Brown Precast Barrier Rail Precast N/A 492 | 19.75

3 | ALDOT Standard Barrier Rail CotIn N | 304 | 1650

. .. | Cast-In-

4 | Concrete Jersey Safety Shape Bridge Rail Place TL-4 | 314 | 15.00

5 | 32-in Vertical Concrete Parapet C;f;j:_ TL-4 | 310 | 11.00

6 Mlsgourl 30-in New Jersey Concrete Cast-In- TL-4 | 331 16.00
Barrier Place

7 | F-Profile Bridge Railing Cast-In- |y 41 335 | 14.75
Place

All of these barrier rails are much heavier than the existing barrier rail. The average
weight of the existing barrier rail was estimated to be 118 pounds per linear foot. The
test rating of the existing rail is unknown, but it is presumably not a TL-4 rating due to it
being very light compared to the other rails. It is assumed that current barrier rail
requirements are more stringent than those that were in effect when the existing barrier
rail was selected.

It is common to design all of the girders to evenly carry the load of the barriers, but
in reality, the exterior girders carry the bulk of the load. The new girders that will be
added to widen the bridge can be designed to carry the full barrier load (not distributing
the load evenly among all of the girders). Thus the increase in barrier weight isn’t a
concern. Even though the exterior girders can be designed to carry the full load of the

barrier rails, it is still economical to select the lightest feasible option.
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Since there is room to open all lanes up to traffic and still have room to pour the cast-
in-place barriers, precast barriers are not required for this project. Precast barriers would
typically aid in rapid construction, but due to the bulkiness of them compared to the cast-
in-place barriers (about a 150-plf difference), it is suggested to use one of the cast-in-
place barrier rail options. Of the cast-in-place options, the ALDOT Standard Barrier Rail
is the lightest. The only problem with this barrier is that the curb width is fairly large
compared to the other choices. Since the bridge is being widened to a total horizontal
width of 46°-9”, there would be enough space for three 14’ wide lanes and two 28.5
inches wide barriers (neglecting shoulders). The maximum barrier width is 16.5 inches
considering a one-foot shoulder on each side of the bridge. So the width of the ALDOT
Standard Barrier Rail is okay.

Details for the ALDOT standard barrier rail are shown in Figures 4.45 through 4.49.
Figures 4.46 through 4.49 show conceptual details for connecting the ALDOT standard

barrier rail to the four deck systems.
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Figure 4.45 ALDOT Standard Barrier Rail Details

Figure 4.46 Barrier Connection Details for the Exodermic Cast-in-Place Deck System
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Figure 4.47 Barrier Connection Details for the Steel Grid Cast-in-Place Deck System

Figure 4.48 Barrier Connection Details for the Exodermic Precast Deck System
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Figure 4.49 Barrier Connection Details for the NCHRP Full-Depth Precast Deck System
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5. Proposed Sequence of Deck Replacement

5.1. General

Understanding the construction sequence is necessary in order to determine the load
effect imposed upon the bridges. Different loads apply to different cross-sections at
different stages during the construction process. The deck systems must be designed to
withstand the loads carried throughout the entire construction as well as the loads on the
final cross-section.

The construction sequence for each of the bridges varies. The northbound bridge
(NBR Bridge) will contain both of the cast-in-place systems while the southbound bridge
(SBR Bridge) will contain both of the precast systems (see Figure 5.1). Each system will
be used over two spans. The two cast-in-place systems are to be installed in Stages I and
IT while the two precast systems are to be installed in Stages III and IV. Both of the
bridges will also be widened during the construction process. This widening will provide
each bridge with a shoulder as well as room to install Jersey barrier rails.

In describing Stage I through Stage IV construction sequences in the following
sections, terminology such as outside lane, inside lane, direction of traffic, and other
bridge/traffic conditions are referred to. These are explained below as well as other notes
to be considered.

1. Outside lane is the lane away from the median strip, i.e., the right lane when
looking in the direction of traffic
2. Inside lane is the lane adjacent to the median strip, i.e., the left lane when

looking in the direction of traffic
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3. Work shall progress in the direction of traffic for Stage I & Stage I1I
construction (replacing the inside lane of deck)

4. Work shall progress in the direction opposing traffic for Stage II & Stage IV
construction (replacing the outside lane deck)

5. Diaphragms are not shown on plan views to improve readability

6. The NBR Bridge will be a 1-lane bridge throughout Stage I construction

7. The SBR Bridge will be a 1-lane bridge throughout Stage III construction

8. Stage IV deck replacement progress may be constrained to allow for the

evaluation of deck joints under traffic conditions

Figure 5.1 Plan View of Proposed Layout

5.2.  Stage I Construction

The existing deck of the inside lane portion of the northbound bridge is replaced in
Stage I. Figures 5.2 through 5.8 depict the tasks to be completed for the Stage |
construction. Work during this stage shall progress in the direction of traffic. A

description of the Stage I tasks and figures are as follows.
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The first task is to install new girder lines on the north side of the bridge for all four
spans as shown in Figure 5.2. Traffic is maintained in both lanes during this task. Task 2
is to place temporary barriers for the full length of the bridge and close down the inside
lane of traffic as shown in Figure 5.3. Once traffic is closed to the inside lane, the inside
lane portion of the existing deck shall be demolished for the full length of the bridge as
shown in Figure 5.4. This is Task 3 of Stage I. The new Exodermic deck panels can now
be installed in Span 1. This is Task 4 of Stage I and is accomplished by executing the
following for the full length of Span 1; Working in the direction of traffic, place the
unfilled Exodermic steel deck panels, place deck top reinforcement mat, place span end
steel plates, and then place rapid-setting concrete on the deck panels. This is depicted in
Figure 5.5. This same process is then repeated for Span 2 as shown in Figure 5.6 for
Task 5. The next task, Task 6, is to install the barrier rails for Spans 1 and 2. Working in
the direction of traffic, place the barrier rail reinforcing steel, place the barrier slip forms,
and cast the barrier rail concrete. This is shown in Figure 5.7. Tasks 4 through 6 are then
repeated for Spans 3 and 4 using standard steel grid panels rather than Exodermic panels

as shown in Figure 5.8. This is Task 7 of Stage I and concludes the Stage I construction.
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5.3.  Stage II Construction

The existing deck of the outside lane portion of the northbound bridge is replaced in
Stage II. This construction stage will replace the remaining portion of the existing deck.
Figures 5.9 through 5.17 show the different tasks to be completed during the Stage I1
construction. Work for this stage shall progress in the direction opposing traffic. A
description of the Stage II tasks and figures are as follows.

The first task of Stage II is to install new girder lines on the south side of the bridge
for all four spans as shown in Figure 5.9. Tasks 2 and 3 is to relocate and add temporary
barriers as necessary to redirect traffic from the outside lane to the inside lane. This will
close down traffic to the outside lane so the existing deck can be replaced. This is shown

in Figure 5.10. The next task, Task 4, is to demolish the existing deck of the outside lane
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of Span 4 as illustrated in Figure 5.11. Once the old deck is removed, the new deck
panels can be installed. Task 5 involves installing the unfilled standard steel grid deck
panels, deck top reinforcing bar mat, span end steel plates, and placing rapid-setting
concrete on the deck panels where the deck was removed. A representation of Task 5 is
shown in Figure 5.12. Once the new deck is installed in Task 5, traffic may be opened up
to two lanes. In order to do this, additional temporary barriers are to be added as
necessary and equipment is to be removed. This is Task 6 and is shown in Figure 5.13.
During the next work period, Task 2 through 6 shall be repeated for Span 3. This is Task
7 and is shown in Figure 5.14. The barrier rails must be installed for Spans 3 and 4 once
the new decking is in place. This is Task 8 and is accomplished by placing the barrier
rail reinforcing steel, placing the barrier slip forms, and casting the barrier rail concrete.
This is shown in Figure 5.15. Tasks 2 through 8 are to then be repeated for Spans 1 and 2
using steel Exodermic deck panels rather than the standard steel grid panels. This is Task
9 and is shown in Figure 5.16. After Task 9 is completed, all temporary barriers and
equipment is to be removed and traffic is to be opened to two lanes. This is Task 10 and
concludes the Stage II construction. The final view of the northbound bridge is shown in

Figure 5.17. The construction on the northbound bridge is now complete.
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5.4. Stage I1I Construction

The existing deck of the outside lane portion of the southbound bridge is replaced in
Stage III. Figures 5.18 through 5.22 show the different tasks to be completed during the
Stage III construction. Work during this stage shall progress in the direction of traffic. A
description of these tasks and figures are as follows.

The first task is to install new girder lines on the north side of the bridge for all four
spans as shown in Figure 5.18. Traffic is maintained in both lanes during this task. Task
2 and 3 is to place temporary barriers for the full length of the bridge and close down
traffic to the outside lane as shown in Figure 5.19. Once traffic is closed to the outside
lane, the outside lane portion of the deck shall be demolished for the full length of the

bridge as shown in Figure 5.20. This is Task 4 of Stage III. Now the new precast
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Exodermic deck panels can be installed for the outside lane portion of the bridge in Spans
3 and 4. The cast-in-place barrier rails shall also be installed in Spans 3 and 4. This
installation of the new precast Exodermic panels and the barrier rails is Task 5 and is
depicted in Figure 5.21. Similarly, the new precast NCHRP full-depth deck panels can
be installed for the outside lane portion of the bridge in Spans 1 and 2. The cast-in-place
barrier rails shall also be installed in Spans 1 and 2. This installation of the new precast
NCHRP full-depth deck panels and the barrier rails is Task 6 and is shown in Figure 5.22.

This concludes the Stage I1I construction.
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Figure 5.20 Construction Sequence, Stage III - Task 4
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5.5. Stage IV Construction

The existing deck of the inside lane portion of the southbound bridge is replaced in
Stage IV. Figures 5.23 through 5.36 show the different tasks to be completed during the
Stage IV construction. Work for this stage shall progress in the direction opposing
traffic. A description of these tasks and figures are as follows.

The first task of Stage IV is to install new girder lines on the south side of the bridge
for all four spans as shown in Figure 5.23. Tasks 2 and 3 is to relocate and add
temporary barriers to redirect traffic from the inside lane to the outside lane. This will
close down traffic to the inside lane so the existing deck can be replaced. This is shown in
Figure 5.24. The next task, Task 4, is to demolish as much of the existing deck of the
inside lane as can be replaced during the work period as illustrated in Figure 5.25. Task 5
involves installing the new precast NCHRP full-depth deck panels and pouring the staged
construction joint where the deck was removed in Task 4. A representation of Task 5 is
shown in Figure 5.26. Once the new deck is installed in Task 5, traffic shall be opened
up to two lanes. In order to do this, additional temporary barriers are to be added as
necessary and equipment is to be removed. This is Task 6 and is shown in Figure 5.27.
The next task is to pour the slip-formed cast-in-place barrier rails for the new decking.
This is Task 7 and is shown in Figure 5.28. Task 2 through 7 is then repeated each work
period until the entire length of Spans 1 and 2 is completed as shown in Figure 5.29. This
is Task 8 of Stage IV. Task 9 and 10 is to add and relocate temporary barriers as needed
to once again redirect traffic to the outside lane. This will temporarily close down the
inside lane as shown in Figure 5.30. Once the traffic is relocated, as much of the existing

deck of the inside lane of Spans 3 and 4 as can be replaced for the work period shall be
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demolished. This is Task 11 and is shown in Figure 5.31. Task 12 is to install the new
precast Exodermic deck panels and pour the staged construction joint where the deck was
removed. This is shown in Figure 5.32. After the new deck is installed, temporary
barrier rails shall be placed as shown in Figure 5.33 and traffic shall be opened up to each
of the two lanes. This is Task 13. The next task is to pour the slip-formed cast-in-place
barrier rails for the new decking. This is Task 14 and is shown in Figure 5.34. Task 9
through 14 is then to be repeated for the entire length of Spans 3 and 4. This is Task 15
and is shown in Figure 5.35. After Task 15 is completed, all temporary barriers and
equipment is to be removed and traffic is to be opened to two lanes. This is Task 16 and
concludes the Stage IV construction. The final view of the northbound bridge is shown

in Figure 5.36. The construction on the southbound bridge is now complete.
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5.6. Remarks

The precast systems were chosen to be on the southbound bridge since the
southbound bridge is subjected to heavier truck traffic than the northbound bridge. This
will provide better testing results for the precast systems. Better testing of the precast
systems is desired since precast systems are less commonly used than cast-in-place
systems.

The construction for the precast systems is more time constrained than the
construction for the cast-in-place systems. The construction for the precast systems is to
be completed overnight during off peak hours while the construction for the cast-in-place
systems are to be completed over weekend work periods. However, the contractor may

work whenever desired on the first pass of each of the bridges, Stages I and III. Since the

80



construction for the precast systems is more time constrained, the cast-in-place systems
were chosen to be installed first to allow the contractor to get experience in the
demolition process prior to working on the precast systems. This will provide for a more
accurate comparison of the four deck systems.

The Exodermic precast system was chosen to be installed prior to the NCHRP full-
depth deck system because Exodermic systems have been around longer and therefore
more information and experience pertaining to them is available. This will provide the
contractor with experience in the construction process prior to work on the NCHRP full-
depth deck system.

It was chosen to install the new girder lines prior to the demolition of the existing
deck to provide a better understanding of the time required for the deck replacement
process. This is to be done whenever feasible.

Work was chosen to progress in opposition to traffic to minimize the use of
temporary barriers and allow the usage of existing deck and barrier rails. However, since
work during the first pass, Stages I and 111, is independent of traffic patterns, work was
chosen to be completed in the direction of traffic to minimize the moving of work
equipment. This is beneficial because all of the equipment will be at the correct end of

the bridge at the end of the first pass.

5.7. Comparison to ALDOT’s Accepted Sequence of Construction

The Alabama Department of Transportation (ALDOT) has now finalized a sequence
of construction that is similar to the initial proposed sequence of construction in this

report. ALDOT’s construction sequence differs slightly by incorporating additional steps
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and by using a different traffic pattern for the southbound bridge. The temporary barrier
rails that are to be used are also different.

A step was added at the beginning of the construction sequence for Stages I and III.
This step diverts traffic into one lane in the center of each bridge to provide room for the
expansion of the bridge end slabs and substructures. The expansion of the end slabs and
substructures is necessary for the widening of the bridge deck, which requires the
addition of a girder on both sides of each bridge. This step should not affect the results
from this study. However, verification of this is out of the scope of this report.

ALDOT’s change in traffic pattern for the southbound bridge mirrors that of the
traffic pattern for the proposed sequence of construction. That is, Stage III of the
proposed sequence of construction is Stage [V of ALDOT’s sequence of construction and
Stage IV of the proposed sequence of construction is Stage III of ALDOT’s sequence of
construction. This has no impact on the results from this report.

ALDOT’s temporary barrier rails differ from the ones proposed in this study. The
effect this has on the results from this report is unknown and out of the scope of this
study. Further investigation may be required.

It should be noted that some special provisions must be made to the Alabama
Standard Construction Specifications in order to implement the rapid deck replacements
on the sister [-59 bridges at Collinsville, AL. A first draft of the Special Provisions

required is provided in Appendix C.
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6. Design of Deck Elements

6.1. General

Preliminary designs for each of the deck systems considered in this study were
checked and modified in accordance to the AASHTO LRFD Bridge Design
Specifications (AASHTO 2008). The checking procedure and sequence for each of the

systems were the same and are described in the subsections below.
6.1.1. Load Calculations

As per AASHTO specifications, the following loads were considered for the design
of the deck systems: DC, LL, IM, WL, & CT. DC is the dead load effects produced by
the weight of the deck and barrier rails. LL is the static vehicular live load. IM is the
dynamic load allowance factor used to increase the static vehicular live load to
accommodate for dynamic effects. WL is the wind pressure on vehicles. CT is the
design force associated with a vehicular collision with a barrier rail. This force is used to
design the overhang portion of the deck. The values of each of these loads were
determined in accordance to Section 3 of the 4™ Edition of the AASHTO LRFD Bridge
Design Specifications with the 2008 interim (AASHTO 2008).

Several different bridge deck cross-sections and load conditions exist throughout the
construction process. All of these load cases were considered. Each load case is defined
in Tables 6.1 & 6.2 for the cast-in-place and precast concrete deck systems respectively.
For these tables, the Roman numeral is the construction stage and the following number
is the step within the stage. Construction Stages I and II are for the cast-in-place deck

(NBR Bridge) and Stages III and IV are for the precast deck (SBR Bridge). Figures 6.1
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and 6.2 show the deck cross-sections that correspond to each of the load cases indicated
in Tables 6.1 and 6.2, respectively. Although the final load case will generally be the
worst, there are a few locations along the cross-section where other load cases control.
The maximum values at specific locations will be needed to design certain components of
the decking system. Some of the loads listed in Tables 6.1 & 6.2 will only act on parts of
the cross-section due to lack of continuity at the longitudinal construction joint. Figures
6.3 and 6.4 illustrate the regions in which the loads act for the cast-in-place and precast
concrete systems, respectively.

Table 6.1 Cast-in-Place Deck System Load Cases

Load Loads
Czse Stage Load Case DL LL, WL Barriers
1 1.4 Only Case Stage [
2 1.6 Only Case Stage [ B1
3 11.2&3 Before I L.L. Stage [ B1, B2
4 11.2&3 After I L.L. Stage [ Stage I B1, B2
5 1.5 Only Case Stages I, I | Stagel B1, B2
6 I1.6 Only Case Stages I, 11 Stage [ B1, B2, B3, B4
7 | 17 Only Case Stages I, II Sta%fs L | B1,B2,B3, B4
8 1.8 Only Case Stages I, I Sta%es Lo BL Bzé??” B4,
Final Only Case Stages I, 11 Final B1, BS
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Table 6.2 Precast Deck System Load Cases

Load Loads
C St Load C
w | T oac ase DL LL, WL Barriers
1 I11.5 Before B1 Stage 111
2 I11.5 After B1 Stage 111 B1
3 IV.2&3 Before III L.L Stage 111 B1, B2
4 IV.2&3 After I L.L. Stage 111 Stage 111 B1, B2
5 | 1vs Only Case Stagle\f ML gtage 1 BI, B2
6 V.6 Before IVli;.L. IF B3 StagIe\f 111, Stage ITI BI, B2, B3
7 V.6 Before IV L.L. If B4 | Stages III, Stage I1I B1, B2, B4
Ist 1\
Stages II1,
8 IV.6 Before IV L.L. v Stage III | BI1, B2, B3, B4
9 | 1v.6 Afier1v.LL | SRS HL | Sueslll | gy gy B3 e
Stages III, | Stages III, | B1, B2, B3, B4,
10 Iv.7 Only Case v v B5
11 Final Only Case Stag&? M, Final B1, BS
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Figure 6.1 Cast-in-Place Deck System Load Cases
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Figure 6.2 Cast-in-Place Deck System Load Cases (Continued)
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Figure 6.3 Precast Deck System Load Cases
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Figure 6.4 Precast Deck System Load Cases (Continued)
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Figure 6.5 Cast-in-Place Deck System Loading Regions

Figure 6.6 Precast Deck System Loading Regions
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All of the load components were calculated independently. This simplifies the
determination of each of the load cases since there are several variations in barrier and
live load locations. Each component that applies to the load case being considered is
simply superimposed with all of the other applicable components.

The dead load values (DC) were conservatively estimated for each of the deck
systems and the barrier rails. The dead load of the deck overhang was calculated
separately from the rest of the deck because the deck overhang is generally thicker than
the rest of the deck causing it to weigh more. This additional thickness is required to
resist loads transferred from a vehicle collision with a barrier rail. The dead load values
were determined per foot of deck in the longitudinal direction.

The live load force effects for the grid systems must be determined in accordance
with Article 4.6.2.1.8 of the AASHTO Bridge Specifications (AASHTO 2008). The
equations of this section are based on orthotropic plate theory and take into account
relevant factored load combinations, dynamic load allowance factors, multiple presence
factors, and load positioning to produce worst load effects as explained in Article
(C4.6.2.1.8 of the AASHTO Bridge Specifications (AASHTO 2008). The flexural
rigidities used for these equations were determined using cracked transformed section
properties. The largest flexural rigidity was used to compute the live load effects because
this conservatively determines the worst-case load effect.

Minimum and maximum vehicular live load values (LL) for reinforced concrete deck
systems were determined using SAP2000 V14. A test cross-section was used to verify
the procedure/results wherein the SAP2000 results were compared to simple hand

calculations. Appendix D contains the report that shows the verification of the procedure
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that was followed for the determination of the vehicular live load values as well as an
outline of the procedure itself.

The centerline of the truck wheels were positioned at least 2 feet from the edge of
each design lane as specified in the AASHTO Bridge Specifications Article 3.6.1.3.1
(AASHTO 2008). The design lane for Stage IV, Load Case 10 (See Figures 5.28, 5.29,
5.33, 5.34, and 5.35, and 6.2) was taken from the temporary barrier near the construction
joint to the new barrier rail. The lane was modeled this way because traffic may be on
this area of the bridge depending on how the temporary rail is tapered.

The raw live load data obtained from SAP2000 is not per foot of deck. The values
obtained must be distributed over an equivalent width. The equivalent widths are
determined using Table 4.6.2.1.3-1 of the AASHTO Specifications (AASHTO 2008).
This table is shown in Table 6.3. The variable S in the table is the spacing of supporting
components. 8ft is used for the test bridges since the girders are spaced 8ft apart.
Substituting this value into the equations yields an effective width of 6.57ft for negative
moments and 6ft for positive moments. The live load moments obtained from SAP2000
are divided by these effective width values to yield a value per foot of decking. The live
load values must also be multiplied by a multiple presence factor that accommodates for
the probability of multiple design vehicles being on the bridge at the same time. This
factor is determined by using Table 3.6.1.1.2-1 of the AASHTO Bridge Specifications
(AASHTO 2008). A replica of this table is shown in Table 6.4. This factor is not used

for the fatigue limit state.
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Table 6.3 Equivalent Strips
[Taken from AASHTO (2007)]

Table 6.4 Multiple Presence Factor, m
[Taken from AASHTO (2007)]
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The static vehicular live loads previously found must be amplified to accommodate
for dynamic effects. These values are amplified by using a dynamic load allowance
factor (IM). This amplification factor is found in Table 3.6.2.1-1 of the AASHTO Bridge
Specifications (AASHTO 2008). This value varies depending on the component and
limit state being considered. Table 6.5 shows these values and is a direct copy of Table
3.6.2.1-1 of the AASHTO Bridge Specifications (AASHTO 2008). The static vehicular
live load is increased by the applicable percentage from Table 6.5.

Table 6.5 Dynamic Load Allowance, IM
[Taken from AASHTO (2007)]

The loads due to wind pressure on vehicles (WL) are determined in accordance with
Article 3.8.1.3 of the AASHTO Bridge Specifications (AASHTO 2008). The
specifications state that the “wind pressure on vehicles shall be represented by an
interruptible, moving force of 0.10-klf acting normal to, and 6.0-ft. above, the roadway
and shall be transmitted to the structure.” A design truck trailer of 32-ft is assumed for
the WL calculations. Figure 6.5 shows the wind load acting on the assumed design truck.
The loads acting at the deck surface due to the wind load were calculated and these loads
were modeled in SAP2000 following the same procedure as used for the LL calculations.
Wind in both directions was considered. Similar to the LL calculations, the values from
SAP2000 were distributed over an equivalent width. The lengths of these equivalent
strips were determined using Table 6.3. This was done for all four systems.
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Figure 6.7 Wind on Design Vehicle

The deck overhangs must be design to withstand a vehicle collision with the barrier
rail. The vehicle collision load (CT) shall be determined in accordance to Section 13 of
the AASHTO Bridge Specifications (AASHTO 2008). The deck overhang design
requirements are outlined in Section A13.4 of the specifications.

After all of the load components are determined, they are factored in the load
combination limit states of interest. The Strength I, Service I, Fatigue, and Extreme
Event II load combination limit states are of interest for the deck design. These limit
states are defined in 3.4.1 of the AASHTO Bridge Specifications (AASHTO 2008). The
Strength I limit state is the “basic load combination relating to the normal vehicular use
of the bridge without wind.” The Service I limit state is the “load combination relating to
the normal operational use of the bridge with a 55 mph wind and all loads taken at their
normal values.” This limit state is “also related to control crack width in reinforced
concrete structures.” The Fatigue limit state is the “load combination relating to
repetitive gravitational vehicle live load and dynamic responses under a single design

truck.” The Extreme Event I load combination limit state is also of interest for the
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design of the deck overhang to accommodate for barrier rail collisions. Table 6.7 is a
replica of Table 3.4.1-1 of the AASHTO Bridge Specifications (2007). This table shows
the load combinations and their load factors. The permanent load factor, vy, is
determined from Table 6.7. Table 6.7 is a copy of Table 3.4.1-2 of the AASHTO Bridge
Specifications (AASHTO 2008).

Table 6.6 Load Combinations and Load Factors

[Taken from AASHTO (2007)]
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Table 6.7 Load Factors for Permanent Loads, v,

[Taken from AASHTO (2007)]

Equation 6.1 must be met for all components and connections for each limit state. This is

equation 1.3.2.1-1 of the AASHTO Bridge Specifications (AASHTO 2008).

2N:iviQi < ¢Ry (6.1)
ni =NpNgrN; = 0.95 (6.2)
1
N = <1.0 (6.3)
NpNRrRMI

Where 7; is a load modifier relating to ductility, redundancy, and operation importance, y; is the
load factor determined from Table 6.6, Q; is the force effect, ¢ is the resistance factor, and R,, is
the nominal resistance. Definition for the load modifier, n;, is shown in Equations 6.2 and 6.3.
Equation 6.2 is used when maximum values of 7; is appropriate and Equation 6.3 is used when
minimum values are appropriate. 7p is the load factor relating to ductility, 7y is the load factor
relating to redundancy, and 7; is the load factor relating to operational importance. See Section

1.3.2 of the AASHTO Bridge Specifications for further details (AASHTO 2008).
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The load modifier, n;, is taken as 1.0 for non-strength limit states as specified by Article
C1.3.2.1 of the AASHTO Bridge Specifications (AASHTO 2008). A value of 1.0 was chosen for
the load factor relating to ductility, 17p, because of compliance with AASHTO Bridge
Specifications (AASHTO 2008). A value of 1.05 was chosen for the load factor relating to
redundancy, 1, for the deck overhang regions. The Article 1.3.4 of the AASHTO Bridge
Specifications requires a value at least this much for non-redundant members such as the
overhang region (AASHTO 2008). This arbitrary value satisfies the specifications requirement.
The redundancy load factor was taken as 1.0 for the rest of the deck since the bridges have more
than two supports. The importance load factor, 17;, was taken as 1.0 since this is a typical bridge

and is not of high importance.

6.1.2. Deck Design

Each deck system was designed for the final load case. There are a few steps during
the construction sequence that may control the design of a deck system, but consideration

of these load cases is out of the scope of this project.

6.1.3. Deck Overhang Design

The forces to be transmitted from the bridge railing to the bridge deck overhang due
to a vehicle collision with the barrier are determined from an ultimate strength analysis of
the railing system using the loads described in Article A13.2 of the AASHTO Bridge
Specifications (AASHTO 2008). Those forces shall be considered to be the factored
loads at the extreme event limit state per Article 13.6.2 of the AASHTO Bridge
Specifications (AASHTO 2008). The calculated transmitted forces were found to be as
follows. The axial tension, T, was determined to be 5.3-kips/ft and the moment was

determined to be -16.7-kip-ft/ft. The deck overhang design requirements were
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determined for each of the deck systems and these requirements are given in Sections

6.2.3,6.3.3,6.4.3 and 6.5.3.

6.14. Connection Details

Conceptual connection details for each of the four deck systems are shown in
Chapter 4. The adequacy of these details is unknown and verification is out of the scope

of this report.

6.2. NCHRP Full-Depth Precast Deck System

6.2.1. Load Calculations

The Strength I, Service I, and Extreme Event load combination limit states are
considered for the design of the NCHRP full-depth deck system. The loads for this deck
system were determined as outlined in 6.1.1. Normal-weight reinforced concrete is
generally accepted to have a density of 150-pcf. The deck dead load was conservatively
estimated by considering a deck weight of 160-pcf. The loads and load effects for the
NCHRP full-depth deck systems were calculated, and the results from these calculations
are given below.

The live load moments are shown in Figure 6.6 for the final load case. There are
three different live load cases; only lane 1 loaded, only lane 2 loaded, and both lanes
loaded simultaneously. Each case controls at different locations along the cross-section.
The moment values that result from wind pressure on the design truck are shown in

Figure 6.7 for the final load case. Wind in both directions was considered.

99



The different dead load components were all graphed on the same chart for the final
load case. This provides a comparison of the load effects imposed by each. The chart is
shown in Figure 6.8 for moment load effects. The load effects for each of the loads,
except for the collision load, are shown in Figure 6.9 for the final load case. Finally, the
Strength I and Service I load combination limit states are plotted in Figure 6.10.

The same process was repeated for all of the other load cases of Table 6.1. The
worst case for each cross section was then used to generate a worst-case chart for each of
the limit states. This envelope is shown in Figure 6.11. Comparing Figure 6.11 to Figure
6.10, it is recognizable that the final load case is typically the worst, but there are a few
locations where other load cases control. Since the strip method will be used, the
extreme positive moment was used in all positive regions for the design of the deck as
required by AASHTO Bridge Specifications Article 4.6.2.1.1 (AASHTO 2008).
Similarly, the extreme negative moment was used at all negative sections for the deck
design. The extreme positive and negative moments for the Strength I, Service I, and

Extreme Event load combination limit states are summarized in Table 6.8.
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Figure 6.8 Live Load Moments for Final Load Case

Figure 6.9 Wind on Live Load for Final Load Case
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Figure 6.10 Dead Load Moments for Final Load Case

Figure 6.11 Moments for Final Load Case
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Figure 6.12 Moment Limit States for Final Load Case

Figure 6.13 Moment Envelope for Limit States
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Table 6.8 NCHRP Full-Depth Deck System Extreme Moment Values

L. Moment (Ibs-ft/ft)
Limit State - .
Extreme Positive | Extreme Negative
Strength [ 10441 -11321
Service 1 6251 -7024
Extreme Event N/A -18290

6.2.2. Deck Design

The NCHRP full-depth deck system was designed for a girder spacing of 12-ft. This
design could be refined for our application since the test bridges have girders that are
spaced at 8-ft. However, using the existing design is conservative for this project. The
design of this system was verified against the Strength I and Service I limit states. The
Service I limit state includes the control of crack width and deflection limits.

Strength I limit state calculations were performed and the factored negative and
positive moment capacities determined from these calculations were -20.4-kip-ft/ft and
20.4-kip-ft/ft. The controlling Strength I load effect minimum and maximum moments
on this deck system are -11.3-kip-ft/ft and 10.4-kip-ft/ft respectively. This deck system
design is adequate for the Strength I limit state since the resistance is greater than the load
effect.

The spacing of the mild steel reinforcement in the layer closest to the tension face is
restricted by AASHTO Bridge Specifications Article 5.7.3.4 to control cracking
(AASHTO 2008). The maximum spacing was calculated to be 165 inches for the bottom
mild steel reinforcement and 95 inches for the top. Since the maximum spacing of the

mild steel reinforcement is 9.5 inches, which is much less than the maximum allowable
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spacing, the design is adequate for the control of crack width. It is suspected that the
large values are due to the prestressed reinforcing steel.

The maximum live load deflection was determined by modeling the live load truck in
SAP2000. The deflection value taken from SAP2000 was made independent of the
stiffness of the deck. The deflection for each of the systems is therefore determined by
dividing the value from SAP2000 by the modulus of elasticity and the moment of inertia
of the equivalent strip. The calculated deflection was much less than the maximum
allowable deflection.

The design of the NCHRP full-depth deck system meets all of the AASHTO Bridge
Specifications criteria and is therefore acceptable for use on the 1-59 bridges (AASHTO

2008).
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6.2.3. Deck Overhang Design

It has been calculated that a minimum area of 0.786-in” per foot of deck is required
at the top of the deck for the overhang region. The NCHRP full-depth deck system has
six #5 reinforcing bars, two #4 reinforcing bars, and four 2 270-ksi prestressing strands
within the top portion of the deck over a panel width of 8-ft. The contribution from the
prestressing strands is neglected because they will not be able to adequately develop to
provide resistance in this region. This reinforcement provides an area of steel equal to
0.286-in” per foot of deck. So an additional 0.5-in> per foot of deck must be supplied in
the top portion of the deck overhang to meet the required minimum area of steel. Adding
#5 reinforcing bars spaced at 7 inches center-to-center will provide this additional
requirement. These bars shall be placed as close to the top of the deck surface as possible
while satisfying concrete cover requirements.

The reinforcement that is used to resist the effects of a vehicle collision must
adequately develop from the critical section shown in Figure 6.12. The available
development length is equal to 12.37 inches, as shown in the figure, minus the required
cover. This leaves an available development length of 9.87 inches. This value was
determined using a cover of 2.5 inches to take advantage of the 0.7 factor for adequate
cover as describe in Article 5.11.2.4.2 of the AAHSTO Bridge Specifications (AASHTO

2008).
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Figure 6.14 Critical Section Location of Barrier Rail for Vehicle Collision

The required development length for the #5 reinforcing bars was determined from
Equation 5.11.2.4.1-1 of the AASHTO Bridge Specification. Using a modification factor
of 0.7 for adequate cover, the development length required for a standard hook is 8.3
inches. This was determined considering a 28-day concrete compressive strength of 4-
ksi. The concrete of the NCHRP full-depth system has a larger compressive strength, but
the use of 4-ksi results in a conservative development length. The development length
needed for the #4 reinforcing bars is not calculated since #4 reinforcing bars will require
a smaller development length than the #5 reinforcing bars. The required development
length of 8.3 inches is less than the available space for development, 9.87 inches. Thus,
the reinforcing bars will have adequate room to develop for a 180-degree hook. Refer to

Figure 6.13 for required reinforcing bar dimensions.
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Figure 6.15 Required Reinforcing Bar Dimensions

6.3. Exodermic Precast Deck System

6.3.1. Load Calculations

The loads for this deck system were determined as outlined in 6.1.1. The extreme

positive and negative moments are summarized in Table 6.9.

Table 6.9 Exodermic Precast Deck System Extreme Moment Values

Limit States Moment (Ibs-ft/ft)
Extreme Positive Extreme Negative
Strength [ 12877 -14389
Service I 7985 -8597
Service 11 9992 -10605
Fatigue 3617 -3617
Extreme Event N/A -18324
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6.3.2. Deck Design

The Exodermic precast deck system was designed for the Strength I, Service I,
Service I, Fatigue and Extreme Event load combination limit states. The Service I limit
state is used to limit the deflection of the deck system. The Service II limit state is used
to control yielding of the steel.

Strength I limit state calculations were performed and the factored negative and
positive flexural capacity determined from these calculation were -21.4-kip-ft/ft and 37.0-
kip-ft/ft respectively. The deck system was analyzed using plastic section properties for
these calculations as permitted by AASHTO Bridge Specifications Article 9.5.4
(AASHTO 2008). The controlling Strength I load effect minimum and maximum
moments on this deck system are -14.4-kip-ft/ft and 12.9-kip-ft/ft respectively. The load
resistance is greater than the load effect, thus the design of this deck system is adequate
for the Strength I limit state.

The deflection for this deck system was determined in accordance with AASHTO
Bridge Specifications Section 4.6.2.1.8 (AASHTO 2008). The computed deflection was
much less than the deflection limit provided in AASHTO Bridge Specifications Section
9.5.2, thus the design is adequate for the Service I deflection limit state (AASHTO 2008).

The Service II limit state load calculations for the control of yielding of steel found
that the negative and positive moments that correspond to first yielding of steel are -12.2-
kip-ft/ft and 38.4-kip-ft/ft respectively. The deck system was analyzed as fully elastic for
these calculations as required by AASHTO Bridge Specifications Article 9.5.2, thus
transformed cracked section properties were used (AASHTO 2008). These values were

compared to the minimum and maximum Service II limit state load effects of -8.6-kip-
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ft/ft and 8.0-kip-ft/ft respectively. The design of this system is adequate for this limit
state since the moment that first causes yielding of the steel is less than the moments
applied to the deck system.

The welds on the distribution bars must be checked for fatigue. The weld at the
bottom of the distribution bar will experience the worst stresses for positive flexure. The
fatigue of this weld was determined to be okay for positive flexure. The weld at the top
of the distribution bar will experience the worst stresses for negative flexure. The fatigue
stress at this weld due to negative flexure is greater than the allowable stress; however, a
study of many similar in-service grid decks concluded that fatigue has not been a problem
for negative flexure. It is currently being proposed to AASHTO Bridge Committee to
modify this requirement for grid deck systems. This proposal, which further discusses
this discrepancy, is shown in Appendix B.

The design of the Exodermic precast deck system meets all of the AASHTO Bridge
Specifications criteria except the fatigue requirement for negative flexure. The fatigue
requirement is disregarded per Appendix B as previously discussed. The design of this
deck system is deemed to be acceptable for use on the I-59 bridges.

It should be noted that the total depth of this deck system was chosen to be close to
the total depth of the NCHRP full-depth deck system to provide similar deck surface
elevations. This will provide a smooth transition for traffic between the two deck
systems without requiring a large haunch. This deck system is somewhat over designed

to accommodate for this depth requirement.
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6.3.3. Deck Overhang Design

A minimum area of 0.788-in” per foot of deck is required at the top of the deck for
the overhang region. The Exodermic deck system has #5 reinforcing bars spaced at 5
inches center-to-center. This reinforcement provides an area of steel equal to 0.744-in’
per foot of deck. So an additional 0.044-in> per foot of deck is required in the top portion
of the deck overhang to meet the minimum area of steel. This is rather small and is
disregarded. The deck system is acceptable as is for the overhang region.

The reinforcing bars are required to be developed to resist the loads associated with a
barrier rail collision. The development requirements are the same as those determined in

Section 6.2.3. Refer to Figure 6.13 for required reinforcing bar dimensions.
6.4. Exodermic Cast-in-Place Deck System

6.4.1. Load Calculations

The loads were determined as outlined in 6.1.1. The extreme positive and negative

moments are summarized in Table 6.10.

Table 6.10 Exodermic Cast-in-Place Deck System Extreme Moment Values

Limit State Moment (Ibs-ft/ft)
Extreme Positive | Extreme Negative
Strength 1 12842 -14366
Service I 7983 -8580
Service 11 9990 -10588
Fatigue 3617 -3617
Extreme Event N/A -18308
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6.4.2. Deck Design

The Exodermic cast-in-place deck system was designed for the Strength I, Service I,
Service II, Fatigue, and Extreme Event load combination limit states. The Service I limit
state is used to limit the deflection of the deck system. The Service II limit state is used
to control yielding of the steel. The same design as the Exodermic precast deck system
was chosen for this system to simplify the manufacturing process.

Strength I limit state calculations were made, and the factored negative and positive
flexural capacity determined from these calculations were -21.4-kip-ft/ft and 37.0-kip-
ft/ft respectively. The deck system was analyzed using plastic section properties for these
calculations as permitted by AASHTO Bridge Specifications Article 9.5.4 (AASHTO
2008). The controlling Strength I load effect minimum and maximum moments on this
deck system are -14.4-kip-ft/ft and 12.8-kip-ft/ft respectively. The load resistance is
greater than the load effect, thus the design of this deck system is adequate for the
Strength I limit state.

The deflection check for this system is accomplished by following the same
procedure as for the Exodermic precast deck system. The computed deflection was much
less than the deflection limit, thus the design is adequate for the Service I deflection limit
state.

The Service II limit state load calculations for the control of yielding of steel found
the negative and positive moments that correspond to first yielding of steel to be -12.2-
kip-ft/ft and 38.4-kip-ft/ft respectively. The deck system was analyzed as fully elastic for
these calculations as required by AASHTO Bridge Specifications Article 9.5.2, thus

transformed cracked section properties were used (AASHTO 2008). These values were
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compared to the minimum and maximum Service II limit state load effects of -10.6-kip-
ft/ft and 10.0-kip-ft/ft respectively. The design of this system is adequate for this limit
state since the moment that first causes yielding of the steel is less than the moments
applied to the deck system.

The welds on the distribution bars must be checked for fatigue. The fatigue results
for this system are the same as those for the Exodermic precast deck system. The fatigue
stress at the weld at the bottom end of the distribution bar is okay for positive flexure, but
the fatigue stress at the weld at the top end of the distribution bar does not pass the
fatigue requirement for negative flexure. As previously mentioned for the Exodermic
precast deck system, the negative flexure requirement is dismissed due to the
performance of several similar in-service grid decks as described in Appendix B.

The design of the Exodermic cast-in-place deck system meets all of the AASHTO
Bridge Specifications criteria except the fatigue requirement for negative flexure. The
fatigue requirement is disregarded per Appendix B as previously discussed. The design
of this deck system is deemed to be acceptable for use on the 1-59 bridges.

This deck system is somewhat over designed because the same design as the
Exodermic precast system was chosen, which was over designed to accommodate for a

total depth similar to the precast NCHRP full-depth system.

6.4.3. Deck Overhang Design

The design requirements for the deck overhang are the same for the Exodermic cast-
in-place deck system as that of the Exodermic precast deck system. Since the two

systems have the same design and the overhang portion of the Exodermic precast system
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is acceptable as is, the overhang design is adequate for the Exodermic cast-in-place deck
system without modifications.

The reinforcing bars are required to be developed to resist the loads associated with a
barrier rail collision. The development requirements are the same as those determined in

Section 6.2.3. Refer to Figure 6.13 for required reinforcing bar dimensions.

6.5. Steel Grid Partial-depth Cast-in-Place Deck System

6.5.1. Load Calculations

The loads were determined as outlined in 6.1.1. The extreme positive and negative
moments are summarized in Table 6.11.

Table 6.11 Steel Grid Deck System Extreme Moment Values

Limit State Moment (Ibs-ft/ft)
Extreme Positive | Extreme Negative
Strength 1 13268 -14931
Service | 8141 -8891
Service 11 10238 -10988
Fatigue 3778 -3778
Extreme Event N/A -18319

6.5.2. Deck Design

The steel grid cast-in-place deck system was designed for the Strength I, Service I,
Service II, Fatigue, and Extreme Event load combination limit states. The Service I limit
state is used to limit the deflection of the deck system. The Service II limit state is used
to control yielding of the steel.

The factored negative and positive flexural capacity values for the Strength I limit
state were determined to be -20.4-kip-ft/ft and 37.8-kip-ft/ft respectively. The deck
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system was analyzed using plastic section properties for these calculations per AASHTO
Bridge Specifications Article 9.5.4 (AASHTO 2008). The controlling Strength I load
effect minimum and maximum moments on the deck system are -14.9-kip-ft/ft and 13.3-
kip-ft/ft. The flexural capacity is greater than the load effect for both positive and
negative flexure, thus the design of this deck system is adequate for the Strength I limit
state.

The deflection check for this system is accomplished by following the same
procedure as for the Exodermic deck systems. The computed deflection was much less
than the deflection limit, thus the design is adequate for the Service I deflection limit
state.

The Service II limit state load calculations that pertain to the control of yielding of
steel found the negative and positive moments corresponding to yielding of the steel to be
-20.2-kip-ft/ft and 43.4-kip-ft/ft respectively. Transformed cracked section properties
were used since the deck system was analyzed as fully elastic for these calculations per
AASHTO Bridge Specifications Article 9.5.2 (AASHTO 2008). These values were
compared to the minimum and maximum Service II limit state load effects of -11.0-kip-
ft/ft and 10.2-kip-ft/ft respectively. The design of this system is adequate for this limit
state since the moment that first causes yielding of the steel is less than the moments
applied to the deck system.

The welds along the crossbars are to be checked for fatigue per AASHTO Bridge
Specifications Article 9.5.3 (AASHTO 2008). The weld at the bottom of the crossbar
will experience the worst stress for positive flexure. The fatigue stress at this weld is less

than the allowable fatigue stress. Thus this weld is okay for fatigue. The weld at the top
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of the crossbar experiences the worst stress for negative flexure. The fatigue stress at this
weld is not less than the allowable fatigue stress. Although the fatigue requirements
aren’t met for the stress at this weld, this violation was disregarded for the same reason
previously explained for the Exodermic deck systems.

The design of the steel grid cast-in-place deck system meets all of the AASHTO
Bridge Specifications criteria except for the fatigue requirement for negative flexure.
Since the fatigue requirement is neglected per Appendix B, the design of this deck system
is considered acceptable for use on the I-59 bridges.

The total depth of this deck system was chosen to be close to the total depth of the
Exodermic cast-in-place deck system. Since the Exodermic cast-in-place deck system is
over designed due to excessive thickness, this system is also over designed as explained

in Section 6.4.2.

6.5.3. Deck Overhang Design

Calculations were performed and it was determined that a minimum area of 0.787-in’

per foot of deck is required at the top of the deck for the overhang region. The steel grid
deck system has no reinforcing bars in this area as designed. The crossbars may provide
some resistance, but it is assumed that they do not for this study. Hence, #5 bars spaced
at 4 inches center-to-center in the top region of the deck overhang will provide adequate
resistance. These bars shall be placed as close to the top of the deck surface as possible
without violating concrete cover requirements.

The reinforcing bars are required to be developed to resist the loads associated with a
barrier rail collision. The development requirements are the same as those determined in

Section 6.2.3. Refer to Figure 6.13 for required reinforcing bar dimensions.
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6.6. Barrier Rails

The Alabama Department of Transportation (ALDOT) requires the bridge railing for
the 1-59 Collinsville bridges to be rated at least Test Level Four (TL-4). TL-4 is
“generally acceptable for the majority of applications on high speed highways, freeways,
expressways, and interstate highways with a mixture of trucks and heavy vehicles” as
described in Article 13.7.2 of the AASHTO Bridge Specifications (AASHTO 2008). It is
recommended for ALDOT’s standard barrier rail, shown in Figure 4.8, to be used for the
test bridges. It is lightweight in comparison to other TL-4 rated barrier rails as stated in
Chapter 4. Moreover, this barrier rail is a previously tested crashworthy system so
additional crash testing is not required as long as minor modifications don’t change the
performance of the railing system as permitted by Article A13.7.3.1.1 of the AASHTO
Bridge Specifications (AASHTO 2008). Although this barrier rail is a previously tested
crashworthy system, a verification of the crash test rating as well as minimum
reinforcement and development requirements of the reinforcement can be found in
Appendix A.

It should be noted that the design of the approach railing system is not considered in
this study. The “approach railing system should include a transition guardrail system to
the rigid bridge railing system that is capable of providing lateral resistance to an errant
vehicle” and shall also include a “crashworthy end terminal at its nosing” as required by

Article 13.7.1.2 of the AASHTO Bridge Specifications (AASHTO 2008).
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7. Design Adequacy of the Four Superstructure Systems

7.1. General

The adequacy and performance of each of the deck systems acting compositely with
their supporting components are investigated in this chapter. Design ratios are
determined for limit states of interest at critical locations along each of the spans. Design
ratios greater than one are considered acceptable. The design ratios are determined by

modifying Equation 6.1 as shown in Equation 7.1.

dR,
XNiviQ;

Design Ratio = (7.1)

7.2. Load Calculations

Load calculations are required to determine the design ratios for each of the four
deck systems. The longitudinal load calculations for each of the sections of interest were
performed and a summary of these loads are shown in Tables 7.1 and 7.2 for the interior
and exterior girders respectively. Dead loads and live loads were considered and a
general outline of the calculation procedure and assumptions that were made are as

follows.
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Table 7.1 Load Summary for Interior Girders

Interior Girders

g Select
Zﬁ § Ir;tg;‘;l:l mg® | LL+IM (LIEE;M) DC Strength I | Service II Fatigue
Resultants
Minax 0.692 | 1219 844 322 1879 1418 N/A
o 8L Vi 0.814 | 98 80 22 166 125 N/A
Ex| Moge [0.692] 1033 715 240 1551 1170 N/A
S 2| Mfatyp: | 0.692 | 497 344 N/A N/A N/A 258
Z oz Mg [0.692[ 591 409 N/A N/A N/A 307
O Vfatyusena | 0.814 | 56 45 N/A N/A N/A 34
Vatgugema | 0.814 18 15 N/A N/A N/A 11
Minax 0.687 | 1219 838 369 1927 1458 N/A
5 V ma 0.814 | 98 80 25 171 129 N/A
E Moo | 0.687 | 1033 710 276 1586 1198 N/A
— | Mfatem | 0.687 | 497 341 N/A N/A N/A 256
2 | Mfatgen | 0.687 | 591 406 N/A N/A N/A 305
Viatyugsena | 0.814 | 56 45 N/A N/A N/A 34
Vatgygsmia | 0.814 18 15 N/A N/A N/A 11
o Minax 0.692 | 1219 844 325 1882 1422 N/A
S V ma 0.814 | 98 80 22 167 125 N/A
> M evipit 0.692 | 1033 715 243 1554 1172 N/A
2 | Mfatap: [ 0.692 | 497 344 N/A N/A N/A 258
EJ Mfatgin | 0.692 | 591 409 N/A N/A N/A 307
S | Vfatyugsena | 0.814 | 56 45 N/A N/A N/A 34
| Viatgugema | 0.814 18 15 N/A N/A N/A 11
Minax 0.688 | 1219 839 428 2003 1519 N/A
V ma 0.814 | 98 80 29 176 133 N/A
& Moo | 0.688 | 1033 711 320 1644 1244 N/A
T | Mfat, | 0.688 | 497 342 N/A N/A N/A 256
Z | Mfatgm [ 0.688 | 591 407 N/A N/A N/A 305
Vatyugsena | 0.814 | 56 45 N/A N/A N/A 34
Vatgygema | 0.814 18 15 N/A N/A N/A 11

(1) Shear (V) units are in kips, Moment (M) units are in kip-ft
(2) mg is the distribution factor
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Table 7.2 Load Summary for Exterior Girders

Exterior Girders
Select
5 5| Inemal @ | L+ | 8 DC | Strengthl | Servicell | Fati
g % Force mg (LL+IM) reng ervice atigue
Resultants
Mo 0.769 | 1219 938 324 2148 1543 N/A
5 38 Vinax 0769 | 98 75 22 168 120 N/A
E& | Mo 0.769 | 1033 794 242 1778 1275 N/A
S &| Mfatyp: | 0769 | 497 382 N/A N/A N/A 287
Z 7| Matg [ 0769 [ 591 455 N/A N/A N/A 341
Ol Vfatgugsena | 0.769 | 56 43 N/A N/A N/A 32
Viatyudsmia | 0.769 18 14 N/A N/A N/A 11
Mo 0.769 | 1219 938 350 2182 1569 N/A
5 Vinax 0769 | 98 75 24 170 122 N/A
E Mevpi 0.769 | 1033 794 262 1803 1295 N/A
= | Mfatee | 0769 | 497 382 N/A N/A N/A 287
& | Mfatgm | 0769 | 591 455 N/A N/A N/A 341
Viatyugsena | 0.769 | 56 43 N/A N/A N/A 32
Viatyugsmia | 0.769 18 14 N/A N/A N/A 11
= Mmax 0.769 | 1219 938 330 2155 1548 N/A
S Viax 0.769 | 98 75 23 168 121 N/A
A Mevpi 0.769 | 1033 794 247 1783 1279 N/A
é Mfatope | 0.769 | 497 382 N/A N/A N/A 287
5 | Mfatgn | 0769 | 591 455 N/A N/A N/A 341
S | Vfatyugsena | 0769 | 56 43 N/A N/A N/A 32
B | Veatudsmia | 0.769 18 14 N/A N/A N/A 11
Mo 0.769 | 1219 938 373 2213 1592 N/A
Vinax 0769 | 98 75 26 172 124 N/A
& Mevipit 0.769 | 1033 794 279 1826 1312 N/A
T | Mfatog | 0769 | 497 382 N/A N/A N/A 287
Z | Mfatgpn | 0769 | 591 455 N/A N/A N/A 341
Viatyugsend | 0.769 | 56 43 N/A N/A N/A 32
Viatyugsmia | 0.769 18 14 N/A N/A N/A 11

(1) Shear (V) units are in kips, Moment (M) units are in kip-ft
(2) mg is the distribution factor
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The loads due to dead weight are different between the systems due to the variation
in deck structure and material weights. Unit dead weights of each of the four deck
systems were calculated and are shown in Table 7.3. As can be seen in the table, the
NCHRP full-depth deck system is the heaviest by a considerable margin and the
Exodermic deck systems are slightly lighter than the standard steel grid. Note in Table
7.3 that the unit weight of the deck overhang is considerably heavier for the Exodermic
and steel grid systems due to additional concrete thickness needed in the overhang to
resist barrier collision forces. The weight of the barriers, girders, and secondary steel
(diaphragms and their components) are consistent among the systems. The weight due to
the barrier rails is assumed to be distributed evenly among all of the girders per
AASHTO Article 4.6.2.2.1.

Table 7.3 Unit Weights of the Four Deck Systems

Unit Weight Unit Weight of
Deck System (psf) Overhang *

(psf)
Exodermic Cast-in-Place Deck 73 110
Standard Steel Grid with
Cast-in-Place Concrete 88 112
Topping Deck
Exodermic Precast 74 113
NCHRP Full-Depth Precast 107 107

* The additional weight of the overhang is due to the additional concrete thickness
required in the overhang to resist loads transferred to the deck overhang from a
collision with a barrier rail from an errant vehicle.

The live load effects were determined in accordance to AASHTO Article 3.6.1

(AASHTO 2008). Worst case loading was determined at each of the sections of interest
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by positioning the axles of the design truck or design tandem to produce extreme load
effects. The load contribution by each axle was determined by the use of influence lines.

The bridge widening described in Chapter 4 increases the overall width of the bridge
to 46.75 feet. This allows for 3 design lanes per AASHTO Article 3.6.1.1.1 (AASHTO
2008). However, there are currently 2 lanes of traffic per bridge and future changes to
this were not considered in this analysis. Therefore, 2 design lanes were used for the live
load calculations.

Each girder carries a fraction of the live load. The amount carried by each was
obtained by applying distribution factors to the live load force effect. The distribution
factors, mg, were determined in accordance with AASHTO Article 4.6.2.2.2 and are
shown in Tables 7.1 and 7.2 (AASHTO 2008). Note in Table 7.2 that the distribution
factors for the Exterior girders are all the same. This is due to the lever rule controlling.
Similarly, the distribution factors for shear are the same for all of the systems due to the
lever rule controlling.

A longitudinal stiffness parameter is required to calculate the moment distribution
factors. This stiffness parameter is dependent upon the modulus of elasticity of the
material that makes up the deck. The Exodermic and steel grid deck systems have decks
that are made up of steel and concrete and are therefore not homogeneous. A modulus of
elasticity that will closely represent the stiffness of these deck systems can be estimated
by taking a volume fraction of the concrete and the steel and factoring it with the
modulus of elasticity for each of the materials. However, there isn’t much area of steel in
comparison to the concrete deck so the modulus of elasticity of the concrete was

conservatively used. The concrete used for the design of these deck systems has a 28-day
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compressive strength of 4-ksi, which results in a modulus of elasticity of 3605-ksi. The
NCHRP full-depth deck system is designed for a 28-day compressive strength of 6-ksi,
but the modulus of elasticity used to calculate the longitudinal stiffness parameter was
based on a compressive strength of 4-ksi. This is acceptable because it produces a
conservative value for the longitudinal stiffness parameter.

Deflections were calculated and the maximum deflection occurs at mid-span and is
equal to the largest value resulting from loading of the design truck alone, or that
resulting from 25 percent of the design truck taken together with the design lane load as
described in AASHTO Article 3.6.1.3.2 (AASHTO 2008). The cross-section properties
without the cover plate were conservatively used to calculate the deflections. Deflections

for each of the deck systems are presented and discussed in the next section.

7.3.  Performance of Deck-Girder Systems

The nominal moment and shear resistance and corresponding section properties were
determined for each of the cross-sections of interest for each of the four deck systems.
The nominal moment and shear resistance for each of the deck systems are shown in
Table 7.4. The nominal moment capacity for the four deck systems doesn’t vary by
much. However, the NCHRP full-depth deck system is somewhat stronger than the other
systems followed by the steel grid system. The nominal shear capacity is independent of
deck properties and is therefore the same for all four of the deck-girder systems. The
nominal resistance and plastic neutral axis location was used to determine the design
ratios for the Strength I Limit State. The elastic section properties for each of the cross-

sections of interest were also calculated. The elastic properties were used to determine
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the design rations for the Service II and the Fatigue Limit States. They were also used to
calculate the deflections of the deck-girder systems.

Table 7.4 Summary of Nominal Moment and Shear Resistances of Deck Systems

With Cover Plate No Cover Plate
Moment | Moment Moment | Moment
Deck System | Interior | Exterior | Shear | Interior | Exterior | Shear
Girder Girder (Ibs) Girder | Girder (Ibs)
(ft-1bs) (ft-1bs) (ft-1bs) | (ft-lbs)
E’I‘I‘,’demc 4892 4732 383 4247 | 4090 | 383
Steel Grid 5024 4922 383 4375 4216 383
Exodermic PC 4892 4732 383 4247 4090 383
NCHRP 5456 5372 383 4566 4502 383

There are several sections along the span that need to be investigated for load
resistance. The maximum moment occurs at mid-span and verification of the adequacy
of that cross-section must be checked against Strength I and Service II Limit States. The
cross-section at the termination of the cover plate is checked due to the change in cross-
sectional properties. This section was checked for moment resistance for the Strength I
and the Service II Limit States. This cross-section was also checked for shear resistance
for the maximum shear at the span ends for the same limit states. Fatigue checks were
conducted at the toe of the weld for the cover plate and at the weld on the diaphragm
connection plates. The ductility of critical cross-sections was also verified. The design
ratios for each case are presented in Table 7.5. A design ratios greater than 1.0 is
acceptable. All of the deck systems are ductile and have acceptable design ratios
excluding the fatigue resistance of the weld at the cover plate termination. Further

investigation of this fatigue detail should be conducted.
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Table 7.5 Design Ratios for the Four Deck-Girder Systems

'§ 9 Deck System | Exodermic CIP Steel Grid Exodermic PC NCHRP
2 :
S n Location Girder Interior | Exterior| Interior | Exterior| Interior |Exterior|Interior|Exterior
Maximum 2.604 | 2203 | 2.608 | 2256 | 2.6 | 2.196 | 2.724 | 2.428
— Moment
< |Moment at
2 | Termination of | 3.155 | 2.662 | 3.168 | 2.73 | 3.149 | 2.654 | 3.319 | 2.942
% Cover Plate
Maximum 2312 | 2.284 | 2244 | 2257 | 2.298 | 2.284 | 2.18 | 2.231
Shear
— |Maximum 2292 | 2111 | 2279 | 2.132 | 2.286 | 2.101 | 2.299 | 2.231
o |Moment
E Moment at
8 |Termination of | 2.082 | 1.912 | 2.106 | 1.963 | 2.075 | 1.907 | 2.17 | 2.096
Cover Plate
Toeof Cover | 515 | h462 | 0542 | 0482 | 0515 | 0462 | 0.592 | 0.528
o [Plate Weld
go Weld of
& |Diaphragm 4209 | 3.941 | 4.122 | 3.795 | 4.209 | 3.941 | 3.856 | 3.515
Connection
Plate

Deflection control isn’t required by AASHTO for the NCHRP full-depth deck
system and is left up to the discretion of the owner. The Exodermic and steel grid deck
systems must adhere to AASHTO Article 9.5.2 (AASHTO 2008). Even though
deflection control of the NCHRP full-depth deck system isn’t required by AASHTO, it is
included in this study. The limit used for the NCHRP full-depth deck system was the
span length, in feet, divided by 800, i.e. L/800, as specified by AAHSTO Article 2.5.2.6.2
(AASHTO 2008). The same limit was used for the Exodermic and steel grid deck
systems as required by AASHTO Article 9.5.2 (AASHTO 2008). Deflection checks
were conducted and it was found that the girders for each of the deck-girder systems has

a deflection due to live loads that is less than their limit. These results are shown in

Table 7.6.
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Table 7.6 Summary of Girder Deflections

Deck System Exodermic CIP Steel Grid Exodermic PC NCHRP

Girder Interior | Exterior | Interior | Exterior | Interior | Exterior | Interior | Exterior

Deflection (in) | 0.82 0.84 0.75 0.77 0.82 0.84 0.63 0.64

Limit (in) 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84

7.4. Shear Stud Requirements

Shear studs are required to provide composite action between the deck systems and
their supporting components. The spacing of the shear studs is based on fatigue
resistance and is determined in accordance to AASHTO Article 6.10.10.1.2 (AASHTO
2008). The minimum number of studs required is based on the Strength I Limit State and
is determined in accordance to AASHTO Article 6.10.10.4 (AASHTO 2008). The shear
stud requirements were calculated for the Exodermic, standard steel grid, and the NCHRP
full-depth deck systems and the results are summarized in Table 7.7. The variable x in
Table 7.7 is the distance from the span ends. A recommended stud configuration is
shown in Table 7.8. It should be noted that the configuration in Table 7.8 for the
Exodermic and steel grid deck systems are for rows of two 7/8” diameter shear studs
while the NCHRP full-depth deck system configuration is for clusters of 174 studs.

Table 7.7 Minimum Number of Shear Stud Required

Deck System Exodermic CIP Steel Grid Exodermic PC NCHRP
Girder Interior | Exterior | Interior | Exterior | Interior | Exterior | Interior | Exterior
Min. No. of Studs |5 41 57 53 45 41 99 99
per Girder

for x < 5ft 4.78 441 4.93 4.98 4.78 4.87 5.64 6.58

for x > 5ft 5.54 5.11 5.71 5.71 5.54 5.64 6.54 6.58
for x > 10ft 6.59 6.08 6.79 6.79 6.59 6.71 7.78 7.83
for x > 154t 8.14 7.5 8.38 8.38 8.14 8.28 9.60 9.66

Maximum Pitch
(inches)
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Table 7.8 Recommended Shear Stud Configuration

From Span From 5ftto | From 10ftto | From 15ft to Total
End to 5ft 10ft 151t Midspan | Number
Deck . of
Syst Girder Stud
ystem Pitch | No. | Pitch | No. | Pitch | No. | Pitch | No. uds
(in) | Studs | (in) | Studs | (in) | Studs | (in) | Studs | P
Girder

Exodermic | Interior | 4.5 28 5.5 22 6.5 18 8 40 216
CIp Exterior | 4 32 5 24 6 20 7.5 42 236

Interior | 4.5 28 5.5 22 6.5 18 8 40 216

Steel Grid -
Exterior | 4.5 28 5.5 22 6.5 18 8 40 216
Exodermic | Interior | 4.5 28 5.5 22 6.5 18 8 40 216
PC Exterior | 4.5 28 5.5 22 6.5 18 8 40 216

Interior 48 16 48 8 48 8 48 32 128
Exterior | 48 16 48 8 48 8 48 32 128

NCHRP

The spacing, or pitch, of the shear studs is dependent upon the number of studs
across the girder, the fatigue resistance of each stud, and the fatigue load that is applied.
The fatigue load varies along the span with the maximum being at the span ends and the
minimum occurring at mid-span. For simplicity, it was assumed that the fatigue load
varies linearly from the span ends to mid-span.

The NCHRP full-depth deck system is designed to have the shear studs placed in
clusters. The shear stud clusters are spaced at 48 inches and consists of eight 1%4”
diameter shear studs. This spacing is larger than the spacing allowed per AASHTO
LRFD Bridge Specification. However, validation of the spacing of the shear stud clusters
has been done by previous full-scale beam testing as outlined in the NCHRP Report 584.
It was concluded that it is okay to use AASHTO Equation 6.10.10.2-1 to “determine the
fatigue capacity of studs grouped in clusters and spaced as far as 48 inches” and that “full
composite action between precast concrete panels and steel beams can be maintained up
to 48 inches of spacing” (NCHRP). The shear stud requirements for the NCHRP full-

depth deck system were calculated and it was determined that a minimum of 36 shear
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studs are required for both the interior and exterior girders to adhere to the Strength I
Limit State requirements. A total of 112 1%4” diameter shear studs are recommended for
the 56-foot span by using eight shear studs per cluster and spacing them at 48”. This is
well above the minimum number of studs required. The conclusions from the testing
described in the NCHRP Report 584 and the investigation of the minimum number of
shear studs required for the Strength I Limit State concludes that the design of the

NCHRP full-depth deck system shear studs is adequate for use on the I-59 bridges.

7.5. Comparison of the Four Deck-Girder Systems

A normalized comparison of all four of the deck-girder systems is shown in Table
7.9. The normalized values were determined by taking the value for the deck-girder
system of interest and dividing it by the largest value of the four deck-girder systems.
Therefore, the system with the largest value will have a normalized value of 1.0. The
nominal moment capacity and the deflections are compared for an interior girder with a
cover plate. The other girders and cross-sections should have similar results. This table
shows that the NCHRP full-depth deck system is the heaviest of the four systems, but has
the best nominal moment resistance and the smallest deflection. The cast-in-place and
the precast Exodermic systems both have about the same values. They are both the
lightest, but have the worst nominal resistance and the largest deflection. The steel grid
system is somewhere in between. To get a better comparison of the four systems, a
normalized value for the moment resistance and the deflection per deck weight was
evaluated and is shown in Table 7.9. Viewing these values, it is apparent that the

NCHRP full-depth deck system exhibits the best deflection but the worst nominal

128



moment resistance. The Exodermic cast-in-place and the Exodermic precast deck
systems have the worst deflection, but have the best nominal moment resistance. The
steel grid deck system falls between the NCHRP full-depth deck system and the
Exodermic systems.

Table 7.9 Normalized Comparison of the Deck-Girder Systems

Deck System
Relative Exodermic ., | Exodermic
Normalized CIP Steel Grid PC NCHRP
Parameter
Weight 0.68 0.82 0.69 1.00
Moment Resistance 0.90 0.92 0.90 1.00
Deflection 1.00 0.92 1.00 0.77
Deflection/Weight 1.00 0.76 0.99 0.52
Moment Resistance/Weight 1.00 0.85 0.99 0.76
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8. Conclusions and Recommendations

8.1. General

The primary focus of this study was to develop rapid deck replacement schemes to
ultimately determine the best option for replacing the deteriorating decks of highly
traveled bridges in the Birmingham area. The rapid deck replacement schemes are to be
implemented and tested on sister bridges in Collinsville, AL. Four different deck systems
capable of rapid replacement were investigated. These were:

* Exodermic steel grid panels with cast-in-place concrete topping
* Standard steel grid panels with cast-in-place concrete topping
* Exodermic steel grid with precast concrete panels

* NCHRP full-depth precast concrete panels

The two cast-in-place (CIP) concrete decking systems are planned for the
Collinsville north bound roadway (NBR) bridge. These two systems will require
weekend work periods in order to prevent disruption of peak hour traffic due to lengthy
cure time for the CIP concrete. The two precast deck panel systems are planned for the
Collinsville southbound roadway (SBR) bridge. The deck replacement work using these

two systems should be done with overnight, partial lane closure, work periods.

8.2. Conclusions

All four of the deck systems are designed to adequately resist loads that they are
subjected to. The four deck systems are also considered ductile and have deflections due
to service loads that are within their limits. The deck systems were all designed to have

the same overall depth. Providing the same depth allows for a smooth transition between
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spans without requiring excessively large haunches. The designs of the Exodermic and
steel grid deck systems are somewhat conservative on account of this consideration.

The precast deck systems were designed considering a quarter inch, non-
structural, sacrificial layer. This additional thickness provides for surface texturing.
Texturing is done by machine grinding and results in a quality-riding surface. Surface
texturing the finished deck is recommended since an overlay will not be used.

The barrier rails for all four deck systems will be the ALDOT's standard Jersey
barrier that the ALDOT currently uses on new interstate highway bridges. The rails are
qualified as TL-4, which is the test rating that is generally used for freeway bridges and
will be cast-in-place (CIP) for all four deck systems. The deck overhangs are designed to
resist the loads from a vehicle collision with a TL-4 test rated barrier rail.

Composite action between the deck systems and their supporting components is
obtained through the use of shear studs. The NCHRP full-depth deck system has shear
studs that are grouped in clusters that are spaced at 48 inches. The spacing of the clusters
is qualified through previous testing by Badie, et al. as described in Chapter 7. The
number of studs and their maximum spacing is shown in Table 7.8 for each of the deck
systems.

A requirement to maintain at least one of the existing two traffic lanes open at all
times during the deck replacement work required that both sister bridges, i.e., northbound
roadway (NBR) and southbound roadway (SBR) bridges be widened during the deck
replacement work. The bridge widening requires work to be completed on the
substructure as outlined in Chapter 4. Performing the work on the substructure

simultaneously with the deck replacement work could hinder the comparability of the
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deck systems in regards to the time required to perform the deck replacement work.
Therefore, work on the substructure for both bridges is to be performed before beginning
the deck replacement work.

The NBR bridge will be redecked using the CIP Exodermic and CIP standard
steel grid deck systems. These were chosen to be installed first because bridge
contractors in Alabama are familiar with CIP deck systems. However, to achieve rapid
deck replacement, the replacement work must be completed in stages that are completed
using Friday night to Monday morning work periods. A high performance concrete
mixture that is capable of reaching sufficient strength over the weekend work periods is
required for these systems.

The SBR bridge will be redecked using the precast Exodermic deck panels and
precast modified NCHRP full-depth deck systems. The replacement work using these
systems will also be staged but will use overnight work periods, i.e., 9:00 pm to 6:00 am
work periods. This replacement work will require concrete/grout that is very fast setting
with very fast strength gaining properties.

To accomplish the above rapid deck replacement using CIP concrete systems and
precast concrete panel systems, some rapid-setting and rapid-strength gain concrete and
grout mixtures must be developed by the Alabama Department of Transportation
(ALDQOT). As a starting point, some mixtures used by others have been identified in
Chapter 2 and in earlier reports to the ALDOT by Ramey and Oliver, Jacoway and
Ramey, and Ramey and Umphrey. These mixtures should be refined by the ALDOT by

laboratory testing.
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Detailed proposed sequences of staged construction and work-time schedules for
both the NBR and SBR bridges are given in Chapter 5.

Each of the four rapid deck replacement panels and elements were designed to act
compositely with the supporting girders and were checked for structural adequacy in
Chapters 6 and 7 and were found to be satisfactory.

Fatigue resistance was checked for the welds attaching the diaphragm connection
plates and the welds attaching the cover plates to the girders. All of the fatigue checks
for the welds attaching the diaphragm connection plates are satisfactory. The welds of
the cover plates failed the fatigue checks. Further investigation of this fatigue detail
should be conducted. It is recommended to not use cover plates on the girders that are to
be installed. The load resistance and behavior of the composite cross-sections are
adequate for the W36x150 girders without the use of a cover plate. This was determined

by expanding on the calculations of Chapter 7.

8.3. Recommendations

The portion of the rapid bridge deck replacement research reported on in this
report was focused on the design and constructability of four candidate rapid deck
replacement systems as evaluated on paper via analytical and critical analyses. To gain a
more complete understanding of the relative merits and demerits of each of the four
candidate deck replacement systems, it is recommended that the following actions be
taken.

1. Develop concrete/mortar mixture designs for the four rapid deck replacement
options with the primary objective of developing rapid setting high performance

mixture designs for topping concrete for the CIP deck systems and for closure
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pour concrete and/or mortar for the precast deck systems.

Prepare final construction documents for the Collinsville, AL sister bridge rapid
deck replacements using the four deck systems discussed in this report and award
a rapid deck replacement contract to a well qualified bridge construction
contractor. To simplify coordination, to help assure consistency in quality of
work, and to get consistent feedback from the contractor on the relative merits and
demerits of the four deck systems, all of the deck replacement work should be
done by the same highly qualified bridge construction contractor.

Perform static load tests on the existing Collinsville bridges to evaluate their load-
deflection and load-girder strain behaviors at select locations in order to later
compare these behaviors with each of the new deck replacement systems. This
will also allow comparisons of the four deck replacement systems with each
other.

Work with ALDOT in developing an effective post construction evaluation
process and document to accurately assess the relative “performance” and
“productivity” of the four deck systems tested at the Collinsville bridges. The
Collinsville bridge deck replacement contractor should be able to assist in the
evaluation and provide valuable input.

During and following the deck replacement work, document the following for
each of the four deck replacement systems:

* Cost breakdown for the major tasks in the replacement work

* Time requirements for replacement to include time breakdown for the major

tasks in the replacement work
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* Traffic control system and traffic disruptions due to replacement work

* Required lane closure time

* Design “friendliness” of replacement system

* Construction “friendliness” of replacement system

* First year performance

* The relative ease/difficultly in making deck panel splices in the transverse
direction of the bridge (joint/connection between deck panels and between
panels and existing deck during staged construction)

* The relative ease/difficulty in making deck panel splices in the longitudinal
direction of the bridge (joint connection between deck panels and existing
deck during staged construction)

* The relative ease/difficulty in handling skewed bridges

* Any unique positive and negative features associated with the replacement
system

Have post construction meeting with the deck replacement contractor to get his

feedback and evaluation of the construction merits and demerits of the four test

deck systems.

Input the information gathered from executing actions cited in numbers 3, 5 and 6

into the developed construction evaluation document cited in number 4 above to

analyze and synthesize the results to draw tentative conclusions and
recommendations on the best rapid deck replacement system for the Birmingham

bridge decks.
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APPENDIX A

Proposed Barrier Rail Adequacy Check
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Proposed Barrier Rail Adequacy Check

ALDOT Standard Barrier Rail:

Pb := 0.304-%
fy := 60-ksi
fprimec := 4-ksi
¢:=10

tk := 8-in

(barrier weight)

(yield stress of reinforcing bars)
(28 day compressive strength of concrete)

(Load Resistance Factor -
1.0 for all non-strength limit states, AASHTO C1.3.2.1)

(Deck Thickness)
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Figure CA13.3.1-1 Yield Line Analysis of Concrete
Parapet Walls for Impact within Wall Segment

(From AASHTO Bridge Speicification 2007)
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1. Flexural Resistance of Barrier About Vertical Axis, Mw

Since the barrier thickness varies, it will be broken into segments for calculation
purposes.
The distance to the rebar varies. An average value will be used to simplify
calculations.
Both positive and negative moments must be determined since the yield line

mechanism develops both. (See Section 7.9 in Barker & Puckett and AASHTO
A13.3.1)

¢

i

3.35” *""—"‘1 Mpos
8
44 BAR ) Moos
3.94"°
#4 BAR
4,297 - 13"
,-7»]052” #4 BAR
517 "
r 3
48 _;jiﬂ #4 BAR 1913 T
,.-—8 . ,]5:1 .
Segment | Segment Il

Segment I:

Neglecting contribution of compressive reinforcement

b:= 19:in

ASygs = 202in° = 0.4in° 2 #4Bars
3.94-in + 5.1-in .
davgpos | =~ = 452in
Aspos~fy

a:=———=10.372:in
0.85-fprimec:b

a .
anos = Aspos.fy.(davgpos_l - Ej = 8.668-kip-ft
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.2 .2
Asneg :=3-0.2:in" = 0.6-in 3 #4 Bars

3.35:-in + 4.29-in + 4.6-in .
davgneg_| = 3 = 4.08:in

Asneg-fy

a:=—— =0557in
0.85-fprimec:-b

a .
Mnneg = Asneg'fy'(da"gneg.l - Ej = 11.404-Kip-ft

Mn + Mn

Segment Il:

Neglecting contribution of compressive reinforcement
b := 13-in
.2
AspOS = 0.2-in 1 #4 Bar
deS.“ = 12.13-in
Aspos~fy

a:=———=0271in
0.85-fprimec:b

a .
M”pos = Aspos'fy'(dpos.ll - Ej = 11.994-kip-ft
.2
Asneg :=0.2:in
dneg_“ = 10.52-in

Asneg-fy

a:=—————=0271in
0.85-fprimec:-b

a .
Mnneg = Asneg'fy'(dneg.ll - Ej = 10.384-kip-ft

Mn + Mn
Mny = —2> %0 _ 11 189.kip-ft
I 5

Mw := ¢-Mn| + ¢-Mny| = 21.226-kip-ft
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. Flexural Resistance of Barrier About Axis Parallel to Longitudinal Axis, Mc

The yield lines that cross the vertical reinforcement only creates tension on the
sloped face of the barrier. Because of this, only the negative bending strength will
need to be determined.

Neglecting contribution of compressive reinforcement

s

1

3]

2 5377 Eﬂﬂ

19’% o
#5 BAR
#5 BAR A
@ 10" -G @10n e=C
13"
B
5.67 = 12.37" .
—& 157
Segment | Segment Il
Segment |
in2
As:= 0.372.— #5 Bars @ 10" C-C
ft

Since the depth of the vertical reinforcement varies, an average value will be used.

3.9-in + 5.67-in .
Qavg.1 = =5 = 4785:in
=BV o547.0n
0.85-fprimec

a . ft
MCl = ASfy(danl - Ej = 8391k|pE
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Segment Il
in2
As = 0.372-T #5 Bars @ 10" C-C
t

Since the depth of the vertical reinforcement varies, an average value will be used.

_5.37-in+ 12.37:in
avg.ll = 2

qe sty
" 0.85-fprimec

d = 8.87-in

= 0.547-in

a . ft
MC” = ASfy(dan” — E) = 15989k|pE

Mc is determined from a weighted average of Mc, and My

Mc|-17-in + Mc“-13-in ft
Mc := - - = 11.684-kip-—
17-in + 13-in ft
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3. Critical Length of Yield Line Failure Patter, Lc

2
L= Lt [(L) , 8HMb+ Mw) (AASHTO A13.3.1-2)
2 2 Mc
Lt := 3.5-ft (AASHTO Table A13.2-1, TL-4)
H:= 2.67-ft (overall height of barrier rail)
Mb:= 0 (additional flexural resistance of beam)
Lt (L) 8H-(Mb+ Mw)
Lc=—+ || —| + ——————==8.22ft
2 2 Mc

4. Nominal Resistance to Transverse Load, Rw

Ft := 54.0-kip (transverse design force, TL-4 - AASHTO Table A13.2-1)
Mc'ch
Rw:=| —— || 8Mb + 8-Mw + ———— | = 71.945-kip
2-Lc — Lt H
Rw = 71.945-kip > Ft = 54-kip Okay
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5. Determination of Transfered Forces

Fe
Fo
Mot pt~
=V /2
V 41
s
M

Assuming the center of gravity of the barrier rails is located 3" from the edge of
the deck, the distance from the edge of the flange of the exterior girder to the
center of gravity of the barrier rail, d, is:

U976 1At o LT o s10in
Pc:= Pb = 0304m
ft

d:= 3.375-ft -

Assuming Rw spreads out at a 1:1 slope from the top of the barrier. The shear
force at the base of the barrier, Vct, is:

Vetim —W 5 305. KR

Lc+ 2-H ft

Mt := —Vct-H = —14.166~kip-%
T.= Vet = 5.305-%

V:=Pc= 0.304-% (negative shear as shown in figure)
t

M := —Mct + Pc-d + Vct-t—k = 16.732-kip-% (negative moment as shown in figure)
2
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6. Shear Transfer Between Barrier and Deck

Shear resistance of the interface, Vn (AASHTO 5.8.4)
Vn = c-Acv + p-(Avf-fy + Pc)
< kq-fprimec-Acv
< ko-Acv
Acv is the shear contact area
Avf is the dowel area across shear plane

For concrete placed against a clean surface, free of laitance, but not
intentionally roughened: (See AASHTO 5.8.4.3)

¢ := 0.075-ksi
p:= 0.6

kl =0.2

Ky := 0.8ksi

bv := 15-in (width of interface)

A .2
Acv = bv-12-2 — 180.20
ft ft

. .2
1
AV = 2.0.31in%12.2.—— — 0.744.- 2 #5 Bars
10-in ft
i
Vn = min[oAcv + pe(Avf-fy + Pc),kl-fprimec-Acv,szcv] = 40.466-%

y
> th:5.305-£ Okay
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7. Minimum Area of Steel AASHTO 5.8.4.4

0.05Acv
Avfmin =
0.05-Acv in2
Avfmin := = 0.15-—
ksi
in2 in2
Avf = 0.744-— > Avfmin = 0.15-— Okay
ft ft
. Development Length AASHTO 5.11.2.4
38-db 38:0.625-in
Ihp = — Ihp = ————= = 11.875in
\/ fprimec fprimec
ksi

Igh := max( Iy, 8-0.625-in,6-in) = 11.875-in
lgh < 7-in for 8" thick deck with 1" cover (See AASHTO Figure C5.11.2.4-1)
ldh is larger than 7", however, a factor of As,req/As,provided can be multiplied to Iho

Must determine if excess steel is provided to obtain an lhp < 7-in

As |
req dh.req
l4h =1 or As.... = As B i |
dh dh.re re rov
[AsprovJ a a P ( lah
in2
Asprov = 0.372 ?
. .2
7-in in
ASs.., = AS — =0. —
req ProV-11.875-in ft

Okay if As,req provides enough strength such that Rw > Ft

Asreq Ty

a:=—————=0.322:in
0.85-fprimec
. a . ft
ME) check = ASreq Y| davg.1 ~ 5" 5'07'k'p'E Qayg.| = 4785+in
a . ft .
Mc”.ChECk = Asreq'fy'(davgl“ — Ej = 9548k|pﬁ dan“ = 8.87-in

M| check 171N + MCy| check- 13-
17-in + 13-in

. ft
McChECk = = 7.01-k|p~E

Mw = 21.226-Kip-ft (same as before)

148



2
Lt Lt 8-H(Mb+ M
(_j + M = 0.98-ft

Lc =— 4
check
? ? MCcheck

2
MCcheck: LCcheck
H

2
2-LCeheck — Lt

RWeheck = (

j- 8-Mb + 8-Mw + = 52.408-kip

RWgpeck = 52.408-Kip

This is less than the required resistance of Ft = 54.kipar TL-4 rating, but it is close
enough.

As
Idh = Ihb eq =7-in
ASprov

Assuming anchorage requirements for the hook that isn't 90 degrees is the same
as if it was a 90 degree hooks (assuming the pullout results will be the same).

Required minimum bar lengths:

lgp=7" -

/“’— T

.\\ ]
CRITICAL SECTION ¥

SEE AAZHTO FIGURE C5.11.2.4-1

Provided bars are adequate for development

9. References

AASHTO, "AASHTO LRFD Bridge Specifications, 4th Edition", 2008

Barker, Richard M. and Puckett, Jay A. Design of Highway Bridges an LRFD
Approach 2nd Edition. Hoboken, New Jersey, 2007.
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APPENDIX B

Proposal to AASHTO to Revise Fatigue Requirements for Concrete Filled Steel
Grid Decks
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2011 AASHTO BRIDGE COMMITTEE AGENDA ITEM:
SUBJECT: Revision of Fatigue and Fracture Limit State for Concrete Filled Steel Grid Decks

TECHNICAL COMMITTEE: T-14 Steel

X REVISION XI ADDITION [0 NEW DOCUMENT

X DESIGN SPEC [] CONSTRUCTIONSPEC  [] MOVABLE SPEC
[0 MANUAL FOR BRIDGE [] SEISMIC GUIDE SPEC [ COASTAL GUIDE SPEC
EVALUATION [] OTHER

DATE PREPARED: November 1, 2010
DATE REVISED:

AGENDA ITEM:

Modify the second and third paragraphs of Article 9.5.3 — Fatigue and Fracture Limit State of
the AASHTO LRFD Bridge Design Specifications to the following:

Open grid, filled grid, partially filled grid and unfilled grid decks composite with reinforced
concrete slabs shall comply with the provisions of Article 4.6.2.1, Article 6.5.3, and Article
9.8.2.

Steel orthotropic decks shall comply with the provisions of Article 6.5.3. Aluminum decks shall
comply with the provisions of Article 7.6.

OTHER AFFECTED ARTICLES:

Item #1

Modify the first paragraph of Article 9.8.2.3.3 — Fatigue and Fracture Limit State of the
AASHTO LRFD Bridge Design Specification to the following:

The internal connection among the elements of the steel grid in a fully-filled grid deck need not
be investigated for fatigue in the negative moment region when the deck is designed with a
continuity factor of 1.0. For a partially filled grid, the internal connection among the elements
of the steel grid within the concrete fill need not be investigated for fatigue in the negative
moment region when the deck is designed with a continuity factor of 1.0.

Item #2

Delete the second paragraph of Article 9.8.2.3.3 — Fatigue and Fracture Limit State of the
AASHTO LRFD Bridge Design Specification addressing tack welds on form pans.

151




Item #3
Insert the following paragraph into the Commentary for Article 9.8.2.3.3.
Fully-filled and partially-filled steel grid decks must be checked for fatigue in only the positive

moment region (mid span). However the fatigue moment should be calculated for a simple span
configuration (C=1.0) regardless of the actual span configuration.

BACKGROUND:

The first edition of the AASHTO LRFD Bridge Design Specification and all revisions up to
2003 did not require fatigue design checks on internal connections (within the concrete fill) of
fully-filled and partially-filled steel grid decks. However in the 2003 Interims, modifications
were made which required these internal connections to be designed for fatigue which results in
maximum design span lengths much lower than historical limits.

To investigate this discrepancy a calibration study was performed using 26 in-service decks (16
full depth grid and 10 partial depth grid) with at least 10 years of service history [Higgins,
2009]. The study concluded that live load moments based on orthotropic plate theory from
Article 4.6.2.1.8 of the AASHTO code are consistent with conventional concrete deck live load
demands and therefore no change is required to the force effects. While strength resistance,
deflection resistance, and fatigue resistance in positive moment regions on the grid deck yield
allowable span lengths consistent with the 26 projects studied, fatigue resistance in the negative
moment region greatly reduce allowable span lengths. An example of these span reductions are
illustrated below.

Bridge Mackinac 1-70 over MO River Upper Buckeye
Deck Type Full Depth Partial Depth Partial Depth
LRFD Span 1.6° 0.6 1.3
Actual Span 5.0° 7.0 8.25’

Years in Service 52 30 15

ANTICIPATED EFFECT ON BRIDGES:

Implementation of the revised specification will allow fully-filled and partially-filled steel grid
decks to be designed for span lengths consistent with historical limits.

REFERENCES:

“Calibration of AASHTO-LRFD Section 4.6.2.1.8 with Historical Performance of Filled,
Partially Filled, Unfilled and Composite Grid Decks — Final Report”, Christopher Higgins, O.
Tugrul Turan, School of Civil and Construction Engineering, Oregon State University,
Corvallis, OR, 97331, June 2009

OTHER:

[ None
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APPENDIX C

Recommended Special Provisions to the Alabama Standard Specifications for
the Rapid Deck Replacement on Sister 1-59 Bridges at Collinsville, AL
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APPENDIX D

Verification of SAP2000 Live Load Calculation Procedure
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1.TEST SETUP

Test Cross-Section

Live Load

The live load is from the HL-93 truck with no lane loads and a 0% impact factor

= Lane loads are to be neglected for deck design (AASHTO LRFD Bridge Design
2008 3.6.1.3.3)

The appropriate impact factors will be applied later
The live load cannot be placed within one foot of the edge of the cross-section
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2. HAND CALCULATIONS

The moment envelope for a single point load is shown below in Figure 2.1. Calculations
were done by hand through statics and this data was input into Microsoft Excel. It is
apparent from this figure that the maximum moment will occur at mid-span and the
minimum moment will occur at both of the supports (for a single point load). The
influence lines for these sections are needed to determine the expected maximum and

minimum moments for the live load case.

Figure 2.1. Moment Envelope for Single Load

Figures 2.2, 2.3, & 2.4 below show the moment influence lines for the mid-span and
support sections (110/200, 205, and 210/300) and the minimum/maximum moment
that corresponds to each. As seen from these figures, the moment is expected to be -16
(kip-ft) at both of the supports and 32 (kip-ft) at mid-span.
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Figure 2.2. Moment Influence Line for Section 110/200

Figure 2.3. Moment Influence Line for Section 205
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Figure 2.4. Moment Influence Line for Section 210/300

After following the procedure discussed in the next section (Section 3), it is apparent
that the maximum moment for the live load case will occur at Section 204. The
influence line for this section as well as the maximum moment for the live load case is
shown below in Figure 2.5. The calculated maximum moment is 38.4 (kip-ft).

Figure 2.5. Moment Influence Line for Section 204
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3. SAP2000 PROCEDURE (SAP2000 V14)

This procedure was done using SAP2000 V14. Deviation from this procedure may be
necessary for different versions of the software.

The test-cross section was modeled in SAP2000 with frames and joints. Section
properties were ignored since the live load is the only load being considered and only
shear and moment values are desired.

Initial Loading Procedure

An initial attempt to use the moving load capabilities of the software was taken. To
model the live loads placement across the cross-section, a lane had to be defined. The
lane was defined by the frames were the live load is allowed to be placed. This
procedure is as follows.

e First we need to display the frame numbers
= View > Set Display Options (Ctrl-E)
=  Check “Labels” under “Frames/Cables/Tendons”
e Define > Bridge Loads > Lanes
e Click “Add New Lane Defined From Frames”
e Input values shown below in Figure 3.1 and click “OK”
e Click “OK”
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Figure 3.1. Lane Data
The next step is to define the vehicle. This was done as follows.

e Define > Bridge Loads > Vehicles

e Select “Add General Vehicle” from the pull down menu under “Choose Vehicle
Type to Add”

e C(Click “Add Vehicle”

e Input values shown below in Figure 3.2 and click “OK”

e Click “OK”
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Figure 3.2. General Vehicle Data
The next step is to define the vehicle class as follows.

e Define > Bridge Loads > Vehicle Classes

e Click “Add New Class”

e Click “Add” to add “GEN1” with a scale factor of 1.
e Click “OK”

e Click “OK”

The final step is to define the load case. This is done as follows.

e Define > Load Cases

e Click “Add New Load Case”

e Input the values shown below in Figure 3.3 and press “OK”
e Press “OK”
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Figure 3.3. Load Case Data

This concludes the live load case definition. From here the “MOVE” load case was
analyzed. The results are shown below in Figure 3.4.

Figure 3.4. SAP2000 Moment Envelope for Live Load

The value at mid-span is much larger than expected. According to the hand calculations,
this should be 32 (kip-ft). Therefore, a conclusion was made that the “Vehicle Remains
Fully In Lane (In Lane Longitudinal Direction)” option in the “General Vehicle Data”
window doesn’t work as expected. This option is supposed to force all axle loads to
remain in the lanes longitudinal direction. This is necessary for our modeling procedure
since both wheel loads will always be on the cross-section. A moment of 40 (kip-ft) is
what would result at mid-span if only one wheel load is present on the lane. Since this
procedure provides incorrect data, another loading approach must be taken.

Brute Force Loading Procedure
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Since the initial loading procedure was unsuccessful, a brute force approach was taken.
To achieve correct results, the live load must be placed manually and moved manually

across the cross-section. A load envelope can be created once the response from each
of these load cases is attained. The procedure taken in SAP2000 is described below.

First, load patterns must be defined for each live load location. These load patterns will
represent each live load location. This is done as follows.

e Define > Load Patterns
e Add load patterns as shown in Figure 3.5 below.
e Click “OK”

Figure 3.5. Define Load Patterns

The next step is to assign loads to the load patterns by loading the frames with the
wheel loads at the appropriate locations. This procedure is outlined below for the first
live load location. For this live load position, the first wheel load will be placed at x=1

(ft) and the second wheel load will be placed at x=7 (ft). These loads will be assigned to
the “WHEELQ” load pattern.

e Select the frame to be loaded (Frame 5).
e Assign > Frame Loads > Point

e Input the values shown in Figure 3.6 and click “OK”
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Figure 3.6. Frame Point Loads for WHEELO, Frame 5
e Select the next frame to be loaded (Frame 2).
e Assign > Frame Loads > Point

e Input the values shown in Figure 3.7 and click “OK”

Figure 3.7. Frame Point Loads for WHEELO, Frame 2

A similar procedure is done for the next live load location (WHEEL1). This is outlined as
follows.

e Select the frame to be loaded (Frame 2).
e Assign > Frame Loads > Point

e Input the values shown in Figure 3.8 and click “OK”
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Figure 3.8. Frame Point Loads for WHEEL1
This process is repeated for all of the load patterns (WHEEL2 through WHEELS).

The next step is to define a load combination to capture the moment envelope for the

live load. This is outlined as follows.

e Define > Load Combinations

e Click “Add New Load Combo”

e Input the values shown below in Figure 3.9 and click “OK”
e Click “OK”
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Figure 3.9. Load Combination Data

This concludes the live load procedure. From here all of the “WHEEL” load cases were
analyzed. The following procedure is done to display the moment envelope for the live
load. This moment envelope is captured by the “COMB1” load combination.

e Display > Show Forces/Stresses > Frames/Cables

e Input the values shown in Figure 3.10 and click “OK”
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Figure 3.10. Member Force Diagram for Frames

The resulting moment envelope for the live load is shown below in Figure 3.11. These
values are consistent with the hand calculations.

Figure 3.11. Live Load Moment Envelope
CONCLUSIONS

The expected maximum and minimum moments determined by hand are the same as
those derived from SAP2000. This confirms that the SAP2000 procedure is correct. The
brute force loading procedure is much more time consuming and far more difficult to
do. This must be done since the automated moving load capabilities of the software
doesn’t work as expected.
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