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EXECUTIVE SUMMARY
This report contains a summary of the testing completed through June 30, 2008, under
TxDOT project 6100, “Development of a Precast Bridge Deck Overhang System,” with specific
recommendations for the application of this precast overhang system for the bridge over Rock
Creek in Parker County, Texas. The design for the precast overhang panels for the Rock Creek
Bridge presented in this report was shown to perform satisfactorily in all of the testing conducted
for the loading specified by the AASHTO LRFD 2007 Bridge Design Specifications. The
testing investigated in this report includes: the structural capacity of the precast overhang system
and the corresponding deck joints; the interface shear capacity of the connectors, grout materials,
and performance parameters; and the development of a haunch form system. Girder and rail
performance were not evaluated.
In review of the test results and recommendations contained in this report, it is the authors’
opinion that the precast overhang system will provide a system with comparable structural
performance to a bridge deck system using the conventional reinforced overhang details typically
used by TxDOT. Furthermore, it appears that this system will provide large improvements in
safety, constructability, and economy over the conventional overhang system.
Insofar as the interface shear is concerned between the precast, prestressed full-depth deck
panels that are seated on a grout bed connected by threaded-rods in concrete filled pockets, the
performance did not meet the requirements assumed in the initial design. The interface roughness
between the deck-haunch-beam-system is critical in providing shear resistance once the
breakaway strength of the concrete is exceeded. The grout has a dependable friction coefficient
of not more than 0.4. This is not sufficient, and special roughening of the girder top and panel
bottom may be needed. Moreover, it is imperative that the threaded-rod shear connectors are
appropriately anchored with sufficient beam hoop steel nearby to ensure distress to the
prestressed concrete web of the girders does not occur. Notwithstanding these two issues of
roughness and beam anchorage, an alternative solution was proposed based on the analysis of the
test results to enable the construction of the Rock Creek Bridge to proceed. Nevertheless,
additional research is needed to validate and further optimize the design and construction of the
deck-haunch-beam system for general widespread use.

xv

In conclusion, the research team supports the construction of the precast overhang system
with the modified details, design procedures, and material recommendations contained in this
report. This recommendation is based on testing results from the laboratory. It should be noted
that this design procedure is likely not optimal and to achieve the economy, constructability, and
safety capable of the system, additional research is needed.
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CHAPTER 1. INTRODUCTION
The construction of bridges is costly. In addition, workers constructing these bridges can
often be placed in unsafe conditions. Optimizing design and construction processes for
accelerated bridge construction can provide significant benefits, including improved economy
and safety. The state-of-the-art of accelerated bridge deck construction was reviewed in a
recently published document (Badie et al. 2006). Research and case studies were presented in
this document and a description of several methodologies for accelerated construction was
provided. Guidance was also provided to overcome the following challenges with full-depth
bridge deck construction:
•
•
•

adjustment of precast panel grading to meet construction tolerances,
methodologies to provide structural compatibility between the girders and bridge deck,
and
performance of different cementitious grouts needed for the accelerated bridge deck
systems.

Some issues that received limited coverage in the document but still are in need of more
research work include:
•
•
•
•
•
•
•
•

ability to provide a durable design,
ability to achieve an acceptable ride (smoothness),
impact on safety,
ability to provide a functioning form between the variable area between the beam and the
deck panel (haunch),
verification of composite action between the precast deck system and girder,
comparison between accelerated and conventional methodologies to determine the impact
on construction schedule and cost,
validation testing of full-scale beams to observe the shear/flexure interaction of various
system components subjected to field conditions, and
resolution of potential challenges associated with proper seating of warped panels due to
differential drying and shrinkage.

While the use of full-depth bridge decks have the ability to increase the speed of bridge deck
construction, care should be taken to be sure that the above items have been addressed and that
the resulting system provides benefits, both short- and long-term, not achieved with conventional
construction techniques.
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This research investigated precast, prestressed panels for bridge overhang systems. The
research team investigated four specific areas, including:
•
•
•
•

evaluation of precast, prestressed overhang capacity;
evaluation of the performance and constructability of the shear connection details;
evaluation of grout materials for the haunch; and
assessment of constructability issues, including haunch forming and grout placement.

It should be noted that this research program was divided into two general phases. The first
phase included the evaluation and reporting of the above listed items necessary for the Rock
Creek Bridge in Parker County, Texas. The objective of this phase was to assess the system
design, materials, and methods specifically for this bridge, not necessarily to optimize these
issues but instead to identify systems, materials, and methods that could be used in the Rock
Creek Bridge. The research team, in collaboration with engineers from the Texas Department of
Transportation (TxDOT), identified potential systems and processes that could be used, and these
were evaluated by the research group. Phase II of the research will focus more on the
optimization of materials and design issues. A final report will be submitted after the conclusion
of the Phase II research.
As a result of the very aggressive research schedule and need to deliver a report before the
letting of the Rock Creek Bridge, researchers from the Texas Transportation Institute (TTI)
teamed with researchers from Oklahoma State University (OSU). The TTI researchers focused
their efforts on capacity testing of double-panel, overhang deck systems, shear capacity of shear
connections, and grout performance. OSU researchers focused their efforts on capacity testing
of a single overhang deck system and the development and testing of haunch forms. TTI and
OSU researchers worked closely with TxDOT personnel on the preliminary design and testing
plan for the research. Constructability issues were addressed at both research institutes.
This report is organized into five chapters: 1–Introduction; 2–Bridge Overhang System; 3–
Shear Connections; 4–Materials for Precast Overhang Systems; and 5–Conclusions and
Recommendations for the Rock Creek Bridge and for future research.
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CHAPTER 2. BRIDGE OVERHANG SYSTEM
The research team and TxDOT personnel met on several occasions to develop and review
designs options for precast, prestressed overhang panels for the Rock Creek Bridge. The design
of the overhang panel system, with the shear design, is shown in Appendix A. Because of the
accelerated nature of the research program, testing was performed at TTI and OSU laboratories.
Researchers at TTI experimentally evaluated deck systems with double-panel specimens, with an
emphasis on examining the panel-to-panel seams. Researchers at OSU evaluated single-panel
systems.
Approximately 85 percent of new concrete bridge decks in the state of Texas use stay-inplace, precast, prestressed panels spanning between adjacent beams (Figure 2.1 [a]). These
panels are nominally 4-in. (100 mm) thick and prestressed transversely to the direction of traffic
flow. A second stage concrete pour of 4 in. (100 mm) in thickness is cast on top of the stay-inplace panels. One of the main difficulties with this system is forming the deck overhang to cast a
full 8-in. (200 mm) thick deck section. Formwork has to be attached to the outside girder,
making it a time-consuming and potentially unsafe operation. TxDOT has recently developed a
precast, full-depth overhang system that potentially reduces the cost of construction and
improves safety, long-term durability, and the speed of construction of the bridge.

2.1

Double-panel Testing
This section presents results from an investigation on the performance of full-depth, double-

panel precast overhang systems, where the flexural capacity and failure modes of the panels were
evaluated. In particular, the general capacity and the effect of the transverse seam between
adjacent panels was assessed and compared with the conventional cast-in-place (CIP) system,
which has continuous longitudinal reinforcement and no transverse seams. The set-up for
experimental testing is shown in Figure 2.1 (b). This system consists of a standard TxDOT
bridge overhang and the proposed precast, prestressed overhang system. The different
construction methods only influence the first interior bay; hence, the transverse width of the
setup is reduced to three beams.
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The proposed precast overhang system is based on mimicking the conventional CIP deck,
having the same reinforcing details throughout. The 8-ft. (2.4 m) wide panels were constructed
in a two-stage casting process at a precast plant. The first stage concrete placement (4-in. [100
mm] thick) for the panels is performed in the same long-line stressing bed as conventional
precast panels. The new overhang panels are prestressed along their length (transverse to the
bridge axis) and reinforced longitudinally. After release of the strands, the second stage concrete
placement (4-in. [100 mm] thick), reinforced with reinforcing steel in both directions, was cast
on top of the first stage concrete. Over the panel width there were three full-depth rectangular
pockets that provide a location for shear connectors between the panel and bridge girder.

Figure 2.1 (a) Full-scale bridge construction showing precast overhang (left) and conventional
overhang (right); (b) Full-scale experimental set-up showing precast overhang (left) and
conventional overhang (right).

A bridge deck will exhibit both bending and shear forces simultaneously when subject to
everyday traffic loads. In this research, flexural bending of the deck is uncoupled from the deck
panel - girder interface shear. This was achieved by seating the concrete beams that support the
deck panels directly on the laboratory strong floor so they exhibit no longitudinal bending. The
full-scale test investigated the failure modes and the capacity of the new system compared to the
conventional CIP overhang system. Two double-panel specimens were tested to evaluate loaddeformation behavior, map crack formations, and to identify failure modes. Two single-panel
systems were also tested and evaluated at OSU.
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2.1.1

Experimental Plan

Two full-scale, double-panel specimens, representative of TxDOT precast concrete bridge
decks, were tested to characterize resistance to factored wheel loads. Particular emphasis was
placed on comparing performance of the proposed precast overhang with the conventional CIP
overhang system. The setup consisted of two precast panels, 8-ft. (2.4 m) long by 8-ft. 9-in. (2.7
m) wide, cast adjacent to one another and placed on reinforced concrete beams that were
supported continuously on the laboratory floor. The concrete beams were rectangular, 12-in.
(300 mm) wide, representative of a TxDOT Type A girder top flange width. The beams were
16-in. (400 mm) deep, sufficient to place internal reinforcement and fasteners while providing
adequate space to place instrumentation. Conventional precast panels spanned the center and
one of the outside beams for the conventional overhang system. The overall experimental
footprint measured 16 ft. (4.9 m) along the longitudinal bridge axis and 18 ft. (5.5 m) in the
transverse direction. A photograph of the experimental setup looking across a transverse axis
(along the seam of the two adjoining panels) is shown in Figure 2.2.

Figure 2.2

Photograph of the bridge deck in the laboratory.
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2.1.2

Specimen Layout and Reinforcing Details

Specimen 1 was designed to provide a comparison between the performance of the precast
overhang and the conventional CIP overhang systems. The main difference in the reinforcement
details was the continuous prestress over the overhang in the precast panel, as well as the effect
of the seam between the panels. To determine the effect of the seam between the precast
overhang panels, the conventional overhang was constructed with bottom transverse #4 (#13M)
mild steel reinforcing bars placed at 6-in. (150 mm) centers, rather than the maximum allowable
spacing of 18 in. (450 mm). This reinforcement spacing was further justified, as the precast
overhang panel design allows the option of #4 (#13M) mild steel to be used as the bottom
transverse reinforcement in lieu of the prestressing strands. Figure 2.3 shows the overall
dimensions and reinforcement details for Specimen 1. Note that the specimen consists of a
conventional overhang and a precast overhang. Composite action was anticipated between the
girder and precast overhang panel through the grout in the haunch and the threaded rod
connectors at each pocket. Conversely, the conventional overhang had R-bar stirrups at 12-in.
(300 mm) centers extending above the beam surface by 5.25 in. (133 mm).
Specimen 2 was designed and tested with the objectives of confirming the findings of the
precast overhang system tested on Specimen 1 and of investigating an alternative approach for
constructing full-depth overhang panels. The latter objective was achieved by constructing a
conventional panel system with a “second stage” concrete placement to achieve a full-depth
overhang panel. The reinforcement details for this system are similar to the precast overhang
system, with the exception that the prestressing strands are replaced with conventional
reinforcement in the “second stage” cast. As with the conventional overhang system, #4 (#13M)
mild steel reinforcing bars were placed at 6-in. (150 mm) centers. The shear connections for this
system were similar to the Specimen 1 connectors with the exception of the pockets, which were
reduced from 10 x 7-in. (250 x 175 mm) pockets to 6-in. (150 mm) square pockets. Smaller
composite pockets allowed for the main top steel over the cantilever portion to be spaced closer
to 6-in. (150 mm) uniform spacing. It was anticipated that by evaluating the lab-cast panels,
information could be obtained on the effect of the prestress in the bottom layer. The general
layout for Specimen 2 is shown in Figure 2.4.
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(b) Transverse cross section

(a) Plan View Dimensions

(c) Side Elevation

(e) Transverse cross section

(d) Plan View top steel layout

Figure 2.3

(f) Side elevation of steel

Dimensions and steel layout for Specimen 1.

7

(b) Transverse cross section

(a) Plan View Dimensions

Figure 2.4

2.1.3

(c) Side Elevation

Various views and layout of Specimen 2.

Materials

All precast panels for the research program were fabricated at Austin Prestressed Co. Four
full-depth overhang panels and four conventional precast, prestressed panels were used for the
two double-panel tests conducted at TTI. All other bridge components were constructed in the
High Bay Structural and Materials Laboratory (HBSML) at Texas A&M University.
All concrete placed in the laboratory was supplied by Transit Mix of Bryan, Texas, an
approved TxDOT supplier. Type H concrete, with a specified target strength of 5000 psi (34
MPa), was used for the laboratory beams. Type S concrete, with a target strength of 4000 psi (28
MPa), was used for the deck. A slump of 4 in. (100 mm) was specified for all concrete mixtures.
Cylinders were cast from each concrete batch in accordance with Tex-447-A, Making and
Curing Concrete Test Specimens. Compression tests were conducted at 3, 7, and 28 days after
casting and at the time of testing of the test specimens following Tex-418-A, Compressive
Strength of Cylindrical Concrete Specimens. Splitting tensile tests were also conducted on the
day of testing in accordance with Tex-421-A, Splitting Tensile Strength of Cylindrical Concrete
Specimens. Table 2.1 shows the compressive strengths of the different concretes used in the
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research at 3, 7, and 28 days after casting, and also the measured compressive strength on the day
of each experiment. Splitting tensile strengths are also shown in the table.
Tensile tests were also conducted to characterize the mild steel and prestressing strands used
in the panels and CIP decks. Figure 2.5 shows the stress-strain curves for the steel reinforcement
used in the precast panels (this includes a wire mesh used in the panels) and the CIP deck. All
steel met the 60 ksi (414 MPa) yield requirements of ASTM A615, Standard Specification for
Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement. Table 2.2 shows critical
values from the tension tests.

Table 2.1

Compression and splitting tensile results.

Specimen
No.

Component

Cast
Date

1

Stage I

2/5/08

1

Stage II

2/8/08

1

SIP Panel

2/12/08

1

Deck

3/28/08

2

Stage I

1/31/08

2

Stage II

2/5/08

2

SIP Panel

2/11/08

2
2

Lab cast
overhang
Deck
closure

4/14/08
5/19/08

Compressive Strength, psi
(MPa)
3-day

7-day

28-day

4200
(29)
5960
(41)
4320
(30)
3800
(26)
5340
(37)
4200
(29)
4900
(34)
4700
(32)
2900
(20)

5880
(41)
7200
(50)
6600
(45)
6565
(45)
6880
(47)
5880
(41)
6455
(45)
6600
(45)
3550
(24)

8035
(55)
7680
(53)
7745
(53)
8380
(58)
8770
(60)
6855
(47)
7000
(48)
7910
(55)
4840
(33)

Time
of Test
8450
(58)
9030
(62)
8990
(62)
8515
(59)
9540
(66)
7560
(52)
7510
(52)
8345
(58)
4500
(31)

Tensile
Strength, psi
(MPa)
Time of Test
870 (6.0)
805 (5.5)
890 (6.1)
805 (5.5)
810 (5.6)
750 (5.2)
870 (6.0)
675 (4.7)
465 (3.2)

Notes: Stage I is first stage pour of precast overhang panels) ; Stage II is second stage pour of precast overhang
panels; SIP Panel = stay-in-place panel for interior bay.
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Figure 2.5 Stress-strain curves for steel reinforcement in panels (CIP = reinforcement embedded in
cast-in-place concrete; Precast = reinforcement embedded in precast panels).

Table 2.2

Stress and strain values for steel reinforcement.

Specimen
CIP #4 (#13M)
CIP #5 (#16M)
Precast wire mesh
Precast #4 (#13M)
Precast #5 (#16M)

Yield Stress, ksi
(MPa)
63 (434)
76 (524)
63 (434)
66 (455)
63 (434)

Yield Strain
0.00185
0.00255
0.00215
0.00250
0.00230

Strain at onset of strainhardening
0.0095
0.014
0.0025
0.0055
0.0025

Specimens 1 and 2 had a 2-in. (50 mm) haunch. SikaGrout™ 212 was used to fill the haunch
(a more comprehensive analysis of the grout material is provided in Chapter 4). A water-topowder ratio (w/p) of 0.19 was used for all grouts placed in the haunch area. A grout with a w/p
of 0.16 was used for the pockets in Specimen 1. Because subsidence cracks were observed after
less than 12 hours after the grout placement in Specimen 1 around the pocket perimeter, Class S
concrete was used in the pockets for Specimen 2. No visible cracks were observed when
concrete was placed in the pockets in Specimen 2.
10

2.1.4

Instrumentation for Double-panel Specimens

Various types of instrumentation were installed on the overhang specimens to ensure that
sufficient data were obtained to assess the performance of the specimens. In addition to the
instrumentation, surface strains were measured with externally mounted strain gauges on the top
deck surface. Surface cracks, when present, were mapped at various load levels. Loads were
measured with a load cell, and displacements and strains were monitored and recorded with an
electronic data acquisition system programmed to scan and record all channels at 3-second
intervals.
A total of 24 string pots were used for Specimen 1, with a line of nine string pots placed
along the longitudinal axis of the wheel load. Ten surface gauges were used, measuring
transverse strains over the beam. The two shear connectors were instrumented with quarterbridge strain gauges to determine the axial force acting on the shear connector while loading the
overhang.
The instrumentation plan was altered for Specimen 2 to include six additional string pots and
ten internal strain gauges. The number of string pots increased from 9 to 14 along the
longitudinal direction beneath the wheel load. String pots were spaced at 15-in. (375 mm)
centers, with a string pot on both sides of the seam. Transverse displacement profiles were also
measured in the plane of the wheel load. There were six strain gauges placed on the #5 (#16M)
transverse bars closest to the seam edge. These were spaced such that they were at the beam
centerline and interior face for the exterior beams and both beam faces on the interior beam. An
additional four gauges were placed on the middle longitudinal bar, at 4 and 24 in. (100 and 600
mm) on both sides of the seam.
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2.1.5

Specimen Loading Plan for Double-panel Specimens

Hydraulic jacks were used to represent truck wheel loads over a rectangular tire footprint
measuring 10-in. (250 mm) long by 20-in. (500 mm) wide. Steel load plates, 3-in. (75 mm)
thick, were seated on a .5-in. (13 mm) thick neoprene pad (Shore 70, similar in hardness to a tire
tread).
The loads that were placed on the concrete deck surface were positioned at various locations
on the deck to represent the most adverse design scenarios required by the American Association
of State Highway and Transportation Officials Load and Resistance Factor Design (AASHTO
LRFD) Bridge Design Specification (2007). Specific aspects of the loading for each specimen
are described next.

2.1.5.1 Specimen 1
Figure 2.6 (a) illustrates the load cases tested on Specimen 1. Load cases 1.1 and 1.2 are the
required AASHTO factored load at the longitudinal midpoint (or seam), and the longitudinal
quarter- point (center of a panel), respectively. For the overhang, this positioned the center of
the load plate 6 in. (150 mm) off the beam face, resulting in 2 in. (50 mm) of the load plate
bearing over the grout bed (haunch). This load location is referenced in Section 3.6.1.3 of the
AASHTO LRFD Bridge Design Specifications (2007). Load case 1.3 is the edge failure load,
where the wheel load edge is on the edge of the panel. This may be representative of a crash
load, with an increased moment due to the overturning force from the barrier resistance. The
shear force will be the same as the AASHTO required load point; however, a greater moment at
the beam face makes it more critical. Load cases 1.3 and 1.4 are similar to 1.1 and 1.2, while
load case 1.5 differs from load case 1.3, as it is on the seam edge. Load case 1.7 is an axle load
at the midpoint of each panel. Load case 1.8 is the interior failure load for an axle. Axle wheel
loads are spaced at 6-ft. (1.8 m) centers.
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6’-0”
(1830mm)
1.7

1.7

4’-0”
(1220mm)
1.6

1.1 1.3
1.4

1.8

1.8

4’-0”
(1220mm)
1.5

1.2

(a) Loading positions for Specimen 1

2.2
2.8

4’-0”

4’-0”

(1220mm)
2.1

(1220mm)

2.3

2.5
2.7

4’-0” 2.3
(1220mm)

2.8

2.4

4’-0”
(1220mm)
2.6

2.4

(b) Loading positions for Specimen 2

Figure 2.6 (a) Loading positions for Specimen 1. Load cases 1.1, 1.2, 1.4 and 1.5 were loaded up to
60 kips (267 kN). Load case 1.7 was loaded to 120 kips (534 kN) per wheel load. All
other load cases were loaded to failure; (b) Loading positions for Specimen 2. Loads
2.1, 2.2, 2.5 and 2.6 were loaded up to 60 kips (267 kN). All other load cases were
loaded to failure.
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2.1.5.2 Specimen 2
Loading for Specimen 2 is shown in Figure 2.6 (b). The overhang loading on the lab-cast
side was the same as Specimen 1 for the conventional and precast overhang to allow direct
comparison of results. The failure load on the precast side was a trailing wheel load on the same
panel as shown in Figure 2.8. Load case 2.4 was a trailing wheel load on one panel. Load 2.8 is
similar; however, one wheel load is on the adjacent panel, closest to the seam. The trailing
wheel load is 4 ft. (1.2 m), whereas in Specimen 1, load cases 1.7 and 1.8 represent a total axle
load with the two wheel loads spaced 6 ft. (1.8 m) apart.

2.1.6

Experimental Results

For all sixteen loading conditions, force-displacement data were obtained based on the wheel
load and the vertical displacement below the center of the load plate. String pots were placed
along the beam face to obtain the true panel deflection by allowing for compression and
“bedding in” of the beam to the strong floor.

2.1.6.1 As-Received Precast Panels
The precast panels were constructed with Class H concrete with a specified 28-day
compressive strength of 5000 psi (34 MPa). Observations of the as-received panels indicated
that the reinforcement may not have been placed per the drawings. This section will provide a
description of the as-received panels.
As noted, the panels were constructed in two stages. Stage I concrete was broom-finished to
provide enhanced friction between the Stage I and II interface. Delivered panels exhibited signs
of cracking between the Stage I and II concrete placements, likely due to differential shrinkage
or curling of the panels. Cracks propagated approximately 2 ft. (0.6 m) in both directions from
the corner, as shown in Figure 2.7 (a). Figure 2.7 (b) shows that satisfactory compaction was
achieved at other locations between the two concretes placed in the different stages.
Following the conclusion of the first experiment, a full-depth panel was carefully dissected to
examine the steel layout. This was considered necessary, as it was earlier observed that the top
longitudinal steel was placed above the transverse steel, instead of below it. Undamaged steel
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samples were extracted from the dismantled specimen to characterize the tensile strengths of the
steel used.
A longitudinal and transverse section of the dismantled overhang is shown in Figure 2.8 (a)
and (b), respectively. The white box represents the typical undamaged cross section slab size,
with the red bars showing the correct reinforcing that should have been cast. Welded wire mesh
was continuously used for the bottom longitudinal reinforcement to the edge of the panel. The
drawings specify three #5 (#16M) bars should have been used, spaced as shown in Figure 2.8 (a).
Figure 2.8 (b) illustrates the correct layout of the top steel, with the longitudinal #4 (#13M) bars
laying beneath the #5 (#16M) transverse bars with 2 in. (50 mm) clear cover to the top.

Stage II

Stage I
(a) Cracking between Stage I and II

(b) Cross section of Stage I and II concrete

Figure 2.7 Photographs showing cracking in between concrete lifts and good consolidation between
concrete lifts.

12”

#5s (16M)

(305mm)

3”

#4 (12M)

2”

(76mm) (51mm)

(a) Longitudinal cross section of overhang

(b) Longitudinal cross section of overhang

Figure 2.8 Reinforcing details of precast overhang panels.
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2.1.6.2 AASHTO Overhang Seam Load (Double-panel Specimens)
Both precast overhang panel setups and lab-cast panels behaved in a similar fashion. Some
hairline cracks were only observed at loads of 60 kips (267 kN) between the seam above the
exterior beam face. The conventional overhang had three cracks on the underside of the deck
propagating from the beam face. The cracks were continuous to the overhang free edge. Top
surface cracks were observed above the beam face and along the beam centerline.
Figure 2.9 (a) presents the results for the AASHTO overhang wheel load at the longitudinal
midpoint of the bridge deck (the seam between precast panels). Vertical displacements obtained
were small, with the largest displacement being approximately 0.012 in. (0.3 mm),
corresponding to a slab transverse rotation of 0.002 radians at the beam face.

Seam (specimen mid point)

Specimen quarter-point

Figure 2.9 Force-deformation for the vertical load plate 2 ft. (0.6 m) from overhang edge (AASHTO
load) for (a) on seam for Load 1.1 (conventional mid-specimen), Load 1.6 (precast
overhang Specimen 1), Load 2.1 (precast overhang Specimen 2) and Load 2.5 (lab-cast
overhang Specimen 2); (b) specimen quarter point for Load 1.2 (conventional overhang
Specimen 1), Load 1.5 (precast overhang Specimen 1), Load 2.2 (precast overhang
Specimen 2) and Load 2.6 (lab-cast overhang Specimen 2).
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2.1.6.3 AASHTO Overhang Mid-panel (Quarter-point) Loads
The design AASHTO loading was applied at the longitudinal quarter point of both
specimens. For the precast overhang, this corresponded to the longitudinal midpoint of a precast
panel.
The sole crack observed on the precast panel propagated from the PVC tubing hole that was
cast in the full-depth section of the panel. The hole was cast in the panel to accommodate testing
at OSU; hence, it does not provide any representation of the in-field panel construction. The
conventional overhang had two hairline cracks on the underside of the deck in line with the load
plate.
Load-displacement curves for these tests are presented in Figure 2.9 (b). In Specimen 1 the
stiffness of the precast deck was similar to the stiffness of the conventional overhang. The
stiffness values of the precast overhang panel and lab-cast of Specimen 2 were greater than that
of Specimen 1. Both displayed no residual displacement or cracks in the deck.

2.1.6.4 Overhang Failure Loads (Double-panel Specimens)
A flexural failure mechanism in the overhang was achieved by moving the loading footprint
to the edge of the deck. In Specimen 1, a singular wheel load was placed on the edge of the
seam for the precast overhang (Load 1.4). The lab-cast overhang in Specimen 2 was loaded the
same way (Load 2.7). This provides an indication of the staple bar strength between adjacent
panels in comparison to the continuous reinforcement in the conventional panel failure load
(Load 1.3). Specimen 2 uses a trailing wheel load applied over the same precast overhang panel
(Load 2.3).
Cracks were mapped at selected loads based on the force-deformation data during the
experiment. Figure 2.10 shows the cracks that were observed during the experiments on the top
deck surface.
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Precast Overhang Specimen 1

Conventional Overhang Specimen 1

Precast Overhang Specimen 2

Lab-cast Specimen 2

Figure 2.10 Crack mapping of overhang failure loads. Numbers are vertical pauses in kips (1 kip =
4.448 kN) where cracks were marked.
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Photographs taken at the time of failure are shown in Figure 2.11. The conventional
overhang failure was close to symmetrical about the load plate. For the precast loads, cracks
were observed in the panel adjacent to the panel loaded.

(a) Specimen 1 precast, prestressed overhang

(b) Specimen 1 conventional overhang failure

(c) Specimen 2 overhang trailing wheel load

(d) Specimen 2 lab-cast overhang failure load

Figure 2.11 Observed failure cracks of overhangs.

The force-displacement curves for load cases 1.3, 1.4, 2.3, and 2.7 are shown in Figure 2.12.
The curves indicate that the initial stiffness is similar for the precast panels and CIP overhang
with a single applied load up to approximately 30 kips (133 kN). Up to approximately 45 kips
(200 kN) the force-deformation behavior is similar for the precast and conventional overhangs
loaded at the seam. For Specimen 1, the ultimate load capacities were 99 kips (440 kN) and 84
kips (374 kN) for the CIP and precast overhangs, respectively. Thus, there is a reduction of 14
percent in load carrying capacity in the full-depth precast system. It should be noted that both
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ultimate capacities significantly exceed the ASSHTO truck load. Although the introduction of
the seam could be the reason for this reduction of capacity, it is necessary to examine the
theoretical capacity to explain the difference.
First, it should be noted that although constructed to be similar, the material properties on the
two overhangs were different. The yield stress of the CIP reinforcing bars was 76 ksi (524 MPa)
compared to 63 ksi (434 MPa) in the precast side. Second, the precast system has a considerably
smaller positive moment in the longitudinal direction at the seam (My= 5.76 kip-ft./ft. [25.6 kN]
for precast and My = 18.39 kip-ft./ft. [81.8 kN] for CIP).
Greater ductility is observed in the precast overhang panel than the conventional panel and
lab-cast systems. In terms of total loads on a panel, load case 2.7, which represented trailing
wheels on a single panel, does not appear to adversely affect performance. Although the ultimate
failure load is within 1 kip (4.5 kN) of the singular seam load, the stiffness was reduced for this
load case. A folding mechanism along the beam face was observed, resulting in larger vertical
displacements.

Figure 2.12 Force-deformation for overhang failure; Load 1.3 (Specimen 1 conventional midspecimen), Load 1.6 (Specimen 1 precast overhang seam load), Load 2.3 (Specimen 2
precast overhang trailing wheel load) and Load 2.7 (Specimen 2 lab-cast seam load).
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2.1.6.5 Interior Loads
Load cases 1.7 and 1.8 consisted of two simultaneously applied wheel loads via a spreader
beam that represented a truck axle. One wheel pad was placed in each of the two interior bays of
Specimen 1. In Specimen 2, load cases 2.4 and 2.8 also consisted of two simultaneously applied
wheel loads, 4 ft. (1200 mm) apart to represent a trailing wheel load. These were applied along a
midspan line parallel to the longitudinal axis of the bridge. In this way, the AASHTO trailing
wheel condition for one bay (between beams) was represented. In load case 2.4 the two loads
were placed within one panel, adjacent to the seam. In load case 2.8 the trailing loads were
placed with one near the center of the panel and the other straddling the adjacent panel. The
purpose of the comparison was to highlight the possibility of any difference in the imposition of
bending and the possibility of shear stresses across the seam.
Specimen 1 had few surface cracks for both load cases, all of which were confined on the
beam faces. Flexural-punching shear failure occurred on the interior beam of the precast side at
191 kips (850 kN). Figure 2.14 (left) shows the flexure/shear punching failure of the precast
interior panel. Cracks are mapped for the trailing wheel loads in Figure 2.13.
Figure 2.15 provides the results of all interior failure loads (load case 1.8, 2.4, and 2.8) as
well as quarter-point loads (load case 1.7). It is evident that load case 2.4 is the critical case in
the trailing wheel load over a single panel. However, the initial stiffness in all load cases is
comparable up to approximately 70 kips (311 kN) for loading near the seam. Note that this is in
excess of the maximum factored AASHTO load (~45 kips [200 kN]). Behavior beyond 70 kips
(311 kN) is still satisfactory, with a moderate degree of ductility (failure warning) exhibited.
Figure 2.14 (right) shows the failure of the trailing wheel load over the adjacent panels.

21

Seam precast panel loaded

Straddling seam of lab-cast

Figure 2.13 Specimen 2: Crack mapping of interior trailing axle load. Numbers are vertical load
pauses in kips (1 kip = 4.448 kN) where cracks were marked.

Midpoint (off-set to seam) axle load

Trailing wheel load over two panels

Figure 2.14 Interior loading failures.
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Figure 2.15

Force-deformation for interior quarter-point and midpoint failure; Load 1.7
precast and Load 1.7 conventional (Specimen 1 trailing axle load), Load 1.8
precast and conventional (Specimen 1 trailing axle load), Load 2.4 (Specimen 2
trailing wheel load single panel loaded), Load 2.8 (Specimen 2 trailing wheel
load straddling lab-cast seam). NOTE: Load 1.7 conventional underlies Load 1.7
precast

2.1.6.6 Additional Measured Strains (Double-panel Specimens)
In the pocket closest to the seam, for both precast overhang panels, strains in one shear
connector were recorded. The strains in the rod from the overhang load case 1.6 are presented in
Figure 2.16. The maximum tensile stress recorded was 6.4 ksi (44 MPa), a minimal value for a
rod with yield stress of 105 ksi (724 MPa).
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Figure 2.16 Shear connector stress for Specimen 1 overhang failure load case 1.6.

Figure 2.17 shows the strain observed on the #4 (#13M) top transverse reinforcement. The
yield strain was 0.00217 in./in. (mm/mm). Hence, at the 60 kip (267 kN) load, the bars remained
elastic (~55 percent of yield) over the beam centerline. The ultimate load yielded the bar from
the beam centerline to approximately 15 in. (375 mm) beyond the interior beam face.
Based on an evaluation of the strains and load deformation behavior, it is apparent that a full
failure mechanism did not form until the load reached approximately 78 kips (347 kN).
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Figure 2.17 Transverse bar strains in precast overhang.

2.1.7

Summary for Double-panel Specimens

Results from the overhang tests indicate that the precast overhang system exhibits sufficient
capacity for a 3-ft. (0.9 m) overhang. Table 2.3 shows the factors of safety obtained from the
double-panel testing. Note that these are only for the capacity of the precast overhang system,
not the bridge.

Table 2.3

Peak loads and factors of safety for tested double-panel bridge deck system.
Load Case

Conventional mid-specimen edge load
Precast overhang seam edge load
Interior trailing axle load mid-point
Precast overhang trailing wheel load
Precast interior trailing wheel single panel
Lab-cast overhang seam edge load
Lab-cast interior trailing wheel straddling seam
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Peak Wheel Load
kips (kN)
99 (440)
84 (374)
193 (859)
81 (360)
127 (565)
68 (302)
150 (667)

Factor of safety
(ultimate/16 kips)
6.2
5.3
12.1
5.1
7.9
4.3
9.4

Based on the results from the two full-scale double-panel specimens, the following
conclusions can be drawn:
•

•

2.2

The concept of using conventional stay-in-place panels to construct a precast
overhang was verified. Current TxDOT bridge capacities have sufficient
reserve strength over the required AASHTO loads. The full depth precast
panels also showed sufficient strength in both interior and exterior bays.
The stiffness of the full-depth precast-prestressed panels was comparable to
the conventional CIP deck. Overhang failure loads were made critical by
loading at the edge of the panel and seam joint. It is evident that the
introduction of the seam decreases the overall strength, but only the bottom
longitudinal steel is discontinuous. Nevertheless, some positive (and negative)
moment strength is still provided due to the CIP panel-to-panel joint that has a
single layer of link bars. Although this is weaker than the full-depth
overhang, overall the reduction of load carrying capacity is only in the order
of 14 percent, and, based on this research, is considered safe for
implementation.

Single-Panel Testing
The objective of this section is to compare the structural capacity of single-panel, precast

overhang systems from midpoint and corner loadings with the structural capacity of conventional
overhang systems used by TxDOT.

2.2.1

Experimental Plan

To satisfy the objectives of this task, single-panel bridge decks were constructed that used
current TxDOT reinforcement details and materials specifications. These specimens consisted of
a bridge deck that was 8 ft. (2.40 m) in the longitudinal direction and 18 ft. (5.4 m) in the
transverse direction. A layout of the test specimen is shown in Figure 2.18. The bridge deck
was constructed on 3 girders that had a 6-ft. (1.8 m) center-to-center spacing with 3-ft. (0.9 m)
overhangs. The bridge decks investigated were 8.25-in. (206 mm) thick with 2.25 in. (56 mm) of
cover from the bridge deck surface to the top reinforcing bar. One exterior span and cantilever
was built with the new precast overhang panel being investigated in this project. The other side
of the deck system was built using a 4-in. (100 mm) precast panel and a conventionally formed
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8.25-in. (206 mm) overhang. By constructing the specimens in this manner it allowed the
capacity of the two overhang systems to be compared using a single specimen.

Figure 2.18 Typical layout of a test specimen.

The girders used in this testing had a top flange width of 12 in. (300 mm) and were 14 in.
(350 mm) in height. As with the double-panel specimens, a top flange width of 12 in. (300 mm)
was used to simulate a Texas Type A girder, the narrowest beam shape currently used by
TxDOT.
The reinforcing details used for the precast overhang panel (Specimen 3) are shown Figure
2.19. The reinforcing details for Specimen 4 matched those typically used in TxDOT bridge
decks. These consisted of #5 (#16M) bars at 6-in. (150 mm) spacings transversely and #4
(#13M) bars at 9 in. (175 mm) longitudinally in the top mat of steel. The partial depth precast
panel reinforcing was typical of that used by TxDOT with 3/8-in. (10 mm) diameter prestressing
strands at 6-in. (150 mm) centers in the transverse direction and 0.22 in.2/ft. (0.001 mm2/m) of
reinforcing bar in the longitudinal direction. The bottom layer of steel in the conventional
overhang consisted of #4 (#13M) bars at 18-in. (450-mm) centers for Specimen 4 and 6-in. (150
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mm) centers for Specimen 3. It is not anticipated that this change will greatly alter the
performance of the specimen.
During the construction of the precast overhang panels by Austin Prestressed Co., the
reinforcing bars in the top of the slab were inadvertently switched for Specimens 3 and 4. After
the error was discovered, it was decided, through conversations with TxDOT personnel, to use
this same reinforcing detail throughout the top layer of reinforcing in Specimen 3 and 4. This
change is shown in Figure 2.19. It is not anticipated that this change will have a significant
impact on the test results and will be addressed later in the discussion section.

Figure 2.19 The intended and actual detail used in Specimens 3 and 4.

The loading points for Specimens 3 and 4 are shown in Figure 2.20. For each test a 10 x 20
in. (250 x 500 mm) steel plate was used to represent a 16 kip (71 kN) AASHTO HL 93 tire
patch. As with the double-panel sections, the center of the tire patch was placed 1 ft. (300 mm)
from the edge of the exterior beam. Two different load cases were investigated. In Specimen 3 a
load at the midspan of the cantilever was applied, and in Specimen 4 the load was placed at the
corner. This loading condition was chosen to simulate an HL 93 truck traveling at the very edge
of the guard rail at midspan and at the location where a bridge deck terminates, such as at the
approach slab.
While loading the midspan of Specimen 3, the AASHTO tire patch was inadvertently rotated
90o in the loading for the conventional overhang section. The correct loading orientation was
used for the precast overhang panel. This modification should be conservative and will be
discussed further in the discussion section.

28

Figure 2.20 The load points investigated for Specimens 3 and 4.

The structural response of the specimens was evaluated with surface demec strain readings
with 4.4-microstrain accuracy and by deflection measurements using MituyoTM electronic dial
gages (0.0005 in. [0.013 mm]) accuracy. These systems provided flexible and accurate methods
to investigate the performance of the overhang systems.

2.2.2

Materials

A summary of the concrete and grout mixtures is provided in Table 2.4, along with the
relevant material properties. All mixtures met the requirements for TxDOT 421 Class S
concrete. The grout used in the haunch did not contain coarse aggregate and so did not meet the
gradation requirements. The location where each mixture was used in the specimen is shown in
Figure 2.21.
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Table 2.4

Specimen

3

4

Summary of the average material properties and standard deviations of the mixtures used
in Specimens 3 and 4.
CIP

Stage I

Stage II

Grout

Pocket
Concrete

Partial
Depth
Panel

6976 (48)

9098 (63)

7096 (49)

8137 (56)

4085 (28)

8475 (58)

660 (5)

729 (5)

620 (4)

544 (4)

524 (4)

693 (5)

5371 (37)

9151 (63)

6857 (47)

6287 (43)

4881 (34)

8475 (58)

514 (4)

774 (5)

550 (4)

600 (4)

458 (3)

693 (5)

Test
Compression, psi
(MPa)
Tension, psi (MPa)
Compression, psi
(MPa)
Tension, psi (MPa)

Figure 2.21 Locations of materials used in Specimens 3 and 4.

The reinforcing used in Specimens 3 and 4 was reported to meet TxDOT 440 and ASTM A
615 grade 60 requirements. Actual values will be determined with testing for the final report.

2.2.3

Results and Analysis

Table 2.5 provides a summary of the failure and cracking loads and the safety factor for
Specimens 3 and 4. The crack patterns for these specimens are shown in Figures 2.22 and 2.23.
The surface strain measurements and deflection response at the load point are shown in Figures
2.24, 2.25, 2.26, and 2.27. The conventional and precast overhang information is shown side by
side so that performance of the different single-panel systems can be compared. The cracking
load is also shown for comparison.
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Table 2.5
Specimen
3
4

The cracking load, maximum load, and safety factor for Specimens 3 and 4.
Type
Precast
Conventional
Precast
Conventional

Cracking Load,
kips (kN)
41 (181)
56 (249)
40 (178)
40 (178)

Maximum Load,
kips (kN)
73 (325)*
104 (463)*
72 (320)
56 (249)

Safety Factor (max
load/16 kips)
4.6*
6.5*
4.5
3.5

*The maximum loads for these specimens were limited by the loading equipment and do not reflect the actual
strength of the specimen.

Figure 2.22 Crack pattern for the conventional and precast systems for the midspan loading
investigated in Specimen 3. The surface strain locations are shown with two points
connected by a line.
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Figure 2.23 Crack pattern for the conventional and precast systems for the corner loading
investigated in Specimen 2. The surface strain location is shown by two points connected
by a line.
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Figure 2.24 The load versus surface strain for the precast and conventional overhangs for the
midspan loading of Specimen 3.
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Figure 2.25 The load versus load point deflection for the precast and conventional overhangs for the
midspan loading of Specimen 3.
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Figure 2.26 The load versus surface strain for the precast and conventional overhangs for the corner
loading of Specimen 4.
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Figure 2.27 The load versus load point deflection for the precast and conventional overhangs for the
corner loading of Specimen 4.
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2.2.4

Discussion

As is shown in Table 2.5, all of the single-panel systems evaluated provide a satisfactory
capacity well beyond the design load. When comparing the capacities of the systems through
corner loading, as in the case of Specimen 4, the precast system exhibited a safety factor of 4.5
versus a safety factor of 3.5 for the conventional overhang. This implies that the precast system
had a measurable increase in capacity over the conventional overhang.
In Figures 2.24 through 2.27, both systems are shown to provide the ability to strain
significantly after the initial cracking of the system. This is a performance that is consistent with
the ductile behavior of structures.
Three inadvertent details were introduced into the testing, including rotation of the
conventional overhang load point by 90o for Specimen 3, increased amount of compression steel
in the conventional overhang in Specimen 3, and the modification of the top layer of reinforcing.
In all three cases these modifications are thought to have minimal impact on the measured
performance of the final structure. These will be discussed next.
While the load point was rotated by 90o, the centroid of the load point did not change, so the
equivalent moment and results between the conventional and precast overhang should be
comparable.
It was realized while casting Specimen 4 that excessive compression steel was used in the
conventional overhang tested in Specimen 3. While this additional steel would definitely have
an impact on the capacity if it was on the tension face of the specimen it should have little impact
on the performance of the system because it is in the compression face. The addition of
compression steel has very little increase in the capacity of a reinforced concrete member. More
information will be provided in the final report.
Upon delivery of the precast overhang panels from Austin Prestressed Co., it was realized
that the longitudinal and transverse reinforcing in stage II had been switched. This change in the
reinforcing layout should have a reduction in the capacity of the system by approximately
10percent. This is caused because the effective depth of the main reinforcing bars (transverse #5
[#16M] bars at 6-in. [150 mm] spacings) would have been reduced because they were placed
under the longitudinal reinforcing. More information will be provided in the final report.
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2.2.5

Summary of Single-panel Tests

The single-panel precast overhang system investigated was found to provide comparable
strength, stiffness, and ductility when compared with the conventional overhang system.
Furthermore, the precast overhang system had a sufficient safety factor of 4.5 above the design
load of 16 kips (71 kN) in the corner loading of Specimen 4. A safety factor above 4.6 was
found for the midspan loading investigated in Specimen 3. During the testing of both specimens
there were no signs of cracking in the precast overhang system until a load of 40 kips (178 kN),
2.5 times the design load. While fatigue testing was not completed on this project, the large
factor of safety encountered indicates that the service level stresses are expected to be low, which
would indicate satisfactory fatigue performance for the system in service. The conventional
overhangs were also found to provide satisfactory strength and cracking performance in this
testing.

2.3

Summary for Overhang Panel Test
Testing performed in this research program of both single- and double-panel overhang

specimens indicate that the prestressed overhang panels provide reasonably similar performance
to conventional CIP overhang systems. Testing indicated that the capacity of the precast
overhang system is sufficient to resist significant cracking for AASHTO factored loads and can
provide reasonably high factors of safety.
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CHAPTER 3. SHEAR CONNECTIONS
Prior to the development of the precast bridge deck overhang system investigated herein,
composite action between the stay-in-place precast panels was achieved through girder
reinforcement extended beyond the top surface. This reinforcement commonly consisted of
inverted U-shaped bars, referred to in TxDOT drawings as R-bars. Continuity was established
from a second stage concrete pour, thereby linking a second layer of continuous reinforcement to
the existing reinforcement located between the panels at the deck-girder interface. Due to the
inherent nature of having a precast overhang, options are needed to achieve precast deck panel to
concrete girder composite action through the use of shear pockets within the panels. However,
AASTHO LRFD (2007) does not address this design consideration for interface shear transfer
(shear friction) in full-depth panels. More specifically, AASHTO LRFD C5.8.4.1 states,
“composite section design utilizing full-depth precast deck panels is not addressed by these
provisions. Design specifications for such systems should be established by, or coordinated
with, the Owner.” Therefore, the connection detail of these shear pockets needs to be examined
in terms of both force-deformation performance and constructability, and compared to
conventional construction to ensure the new precast system is not inferior.
To evaluate the performance and constructability of the shear connection detail, an
investigation was conducted on push-off tests of coupon specimens mimicking the proposed
design for a bridge replacement project on FM 1885 at Rock Creek, Parker County, Texas. The
purpose of the push-off (interface shear) tests was twofold:
1) to determine the initial breakaway shear strength, post-breakaway resistance in terms of
the implied coefficient of friction, and ultimate displacement limits of various connectors;
and
2) to compare the performance of these connectors to current standard construction practice
for cast-in-place deck overhangs.

3.1

Experimental Plan
Several testing combinations were conducted to study the effectiveness of the grout, number

of connectors, effects of clustering, and various connection types as shown in the testing matrix
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in Table 3.1. These two connector types could provide the Rock Creek Bridge contractor for the
full-depth precast panels with two options when using a 1-in. (25 mm) high-strength threaded
rod with a nut:
•
•

Option 1 utilizes a coupler that is precast flat with the top of the girder
with a bottom anchoring rod extending into the girder and a second top
rod that is inserted during the construction process.
Option 2 uses a continuous rod through the top of the girder, thus
simplifying the casting process but reducing flexibility of the construction
process.

Therefore, six different shear configurations were tested for validation: threaded rods with a
coupler, threaded rods without a coupler, and the CIP control—all with a 2-in. (50 mm) and 3.5in. (89 mm) haunch. Each of the six connections was tested with two separate specimens, and an
additional specimen with two R-bars grouted in a precast pocket was tested to provide additional
data—a total of 13 test specimens.
The nomenclature for the test specimens was based on the number of connectors within a
specimen, connector type, test number reference, and whether or not the specimen was cast with
a 2-in. (50 mm) or 3.5-in. (89 mm) haunch. To assist with some of the abbreviations, a summary
of the abbreviations follows:
CIP—specimen is cast-in-place as a monolithic member
T.R.—1-in. (25 mm) diameter high-strength threaded rod (ASTM A193 B7)
Figure 3.1 presents a key to show the designation of the specimen alias. An "A" following
the alias indicates that the specimen was cast with a 2-in. (50 mm) haunch, and "B" means that
the specimen was cast with a 3.5-in. (89 mm) haunch.

2_TRC_1_A

A = 2-in. (50 mm) haunch
B = 3.5-in. (89 mm) haunch

Number of connectors

Specimen number

Connector type

(1=only one specimen of this type was

(threaded rod with a coupler)

tested; 2=2nd specimen of this type tested)

Figure 3.1 Specimen alias designation key.
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Table 3.1

Matrix of 2-in. (50 mm) haunch and 3.5-in. (89 mm) haunch (italicized) shear specimens
tested.

Test #

Haunch
height

Shear test
beam detail

No. of connectors

1

2-in. (50-mm)

CIP

2

2

2-in. (50-mm)

CIP

2

3

2-in. (50-mm)

4

2-in. (50-mm)

5

2-in. (50-mm)

T.R.

2

6

2-in. (50-mm)

T.R.

2

3.5 in. (89
mm)
3.5 in. (89
mm)

T.R.
w/coupler
T.R.
w/coupler
2 R-bars w/
grout

7
8
9
10
11
12
13

3.2

2-in. (50-mm)
3.5 in. (89
mm)
3.5 in. (89
mm)
3.5 in. (89
mm)
3.5 in. (89
mm)

T.R.
w/coupler
Bolt
w/coupler

Connector
diameter
0.5 in. (13
mm)
0.5 in. (13
mm)
1 in. (25
mm)
1 in. (25
mm)
1 in. (25
mm)
1 in. (25
mm)

2
2

2

1 in. (25 mm)

2

1 in. (25 mm)

2

0.5 in. (13
mm)

T.R.

2

1 in. (25 mm)

T.R.

2

1 in. (25 mm)

CIP

2

CIP

2

0.5 in. (13
mm)
0.5 in. (13
mm)

Type
2-#4 Rbars
2-#4 Rbars
T.R.
w/nut
T.R.
w/nut
Nut on
T.R.
Nut on
T.R.
T.R.
w/nut
T.R.
w/nut
2-#4 Rbars
Nut on
T.R.
Nut on
T.R.
2-#4 Rbars
2-#4 Rbars

f'c
for grout or
(concrete) in
haunch

Specimen
alias

9091 psi (62.68
MPa)

4_CIP_1_A

9091 psi (62.68
MPa)

4_CIP_2_A

7023 psi (48.42
MPa)

2_TRC_1_A

6059 psi (41.78
MPa)

2_TRC_2_A

6059 psi (41.78
MPa)

2_TR_1_A

6059 psi (41.78
MPa)

2_TR_2_A

6132 psi (42.28
MPa)

2_TRC_1_B

6132 psi (42.28
MPa)

2_TRC_2_B

7377 psi (50.86
MPa)

4_R_A

6200 psi (42.75
MPa)

2_TR_1_B

6200 psi (42.75
MPa)

2_TR_2_B

5706 psi (39.34
MPa)

4_CIP_1_B

5706 psi (39.34
MPa)

4_CIP_2_B

Design of Experiment
The design of the shear test specimens was developed in conjunction with the design and

casting of the full-scale testing components to maximize efficiency and minimize experimental
differences. To accommodate the two 8-ft. (2.4 m) full-depth precast panels, 16-ft. (4.9 m)
girders were cast for use in the full-scale test; the same 16-ft. (4.9 m) design was made into 4-ft.
(1.2 m) quarter-beams for the purposes of the shear testing. Full-depth deck specimens for the
shear tests were cast with a thickness of 8 in. (200 mm) and 7- x 10-in. (175 x 250 mm) pockets
to match the design of the full-depth precast panels. The shear test panels were cast nominally 2ft. (0.6 m) square to allow for two specimens to be tested on each 4-ft. (1.2 m) beam.
Photographs and a schematic of the experimental test setup are shown below in Figure 3.2.
A 600-k (2670 kN) actuator pushes off a column that is prestressed to the laboratory strong floor

39

to produce the shear force, which is transferred to the deck portion of the specimen via two
W14x109 spreader beams via four high-strength tension rods. The shear test beam is anchored
down to the strong floor of the laboratory with high-strength prestressing threadbar; this is to
minimize slip and beam uplift. A wood reaction block between the shear test beam and the
column provides additional lateral reaction to inhibit specimen sliding.

(a)

(b)

(c)

Figure 3.2 Experimental test setup: (a) Photograph from laboratory floor; (b) Photograph from
laboratory balcony; (c) Side elevation.
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3.3

Construction Process and Testing Procedure
During the construction process of the prototype Rock Creek bridge, girder curvature and

deck grading are expected to vary along the haunch depth from 2 in. (50 mm) to 3.5 in. (89 mm);
therefore, the shear tests investigated the connection strength of both 2-in. (50 mm) and 3.5-in.
(89 mm) haunch specimens. Per TxDOT’s standard bridge drawings, an extension of the shear
stirrups was added for the CIP specimens when the haunch height was greater than or equal to 3
in. (75 mm). For the precast shear specimens, #4 [#13M] longitudinal bars are expected to be
added on the outside of the threaded rod, similar to an existing detail for casting additional
concrete atop precast girders in TxDOT standard bridge drawings. Figure 3.3 shows the details
of the T.R. shear connections for the 2-in. (50-mm) and 3.5-in. (89-mm) haunch, and Figure 3.4
shows the same for the CIP specimens.

Option 1

Option 2
(a) Shear connectors for 2-in. (50 mm) haunch

Option 1

Option 2
(b) Shear connectors for 3.5-in. (89 mm) haunch

Figure 3.3 Beam cross sectional views of shear connectors and photographs of the T.R. shear
connections tested.
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(a) 2-in. (50 mm) haunch

(b) 3.5-in. (89 mm) haunch

Figure 3.4 CIP details of beam-to-slab shear connections.

Four different reinforcing details were used for the construction of the shear test beams in
order to account for different shear connections and haunch heights. The shear beams for the
3.5-in. (89 mm) haunch specimens were cast 1.5-in. (38 mm) shorter than those for the 2-in. (50
mm) haunch specimens so that the assembled specimens all placed the shear test deck at the
same height, permitting use of the same test setup without modifying the height of the line of
action. The same reinforcement was used in the shear test beams for both of the precast
(threaded rod) options for each of the haunch heights, so four different shear test beam
reinforcement details were utilized, as shown below in Figure 3.5.
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Figure 3.5 Reinforcing details for shear test beams. Clockwise from top-left: 2-in. (50 mm) haunch
CIP, 2-in. (50 mm) haunch precast, 3.5-in. (89 mm) haunch precast, and 3.5-in. (89 mm)
CIP.
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The reinforcing of the precast shear deck specimens (shown in Figure 3.6) matches the
details of the precast full-depth overhang panels, utilizing #4 (#13M) bars in place of the #3
(#10M) prestressing strands as prescribed.

Figure 3.6 Reinforcement layout of the precast shear deck specimens.

The reinforcing of the CIP shear deck specimens (shown below in Figure 3.7) matches that of
the full-scale specimen at the interior beam. It is similar to the precast shear deck specimen, but
all of the bars are evenly spaced since there is no pocket to accommodate, and the bottom
transverse steel is not continuous, simulating the edges of the two partial-depth precast panels
resting on the girder.
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Figure 3.7 Photograph of reinforcing of a CIP shear test specimen..

The construction process and testing procedure are outlined as follows:
1.
2.
3.
4.
5.
6.

Cast shear test beams and decks.
Grout/cast completed test specimens (two per shear test beam).
Assemble shear test frame.
Insert a fully constructed test specimen into the shear test frame.
Load test frame to 10 k (45 kN) to close any gaps, and then remove load.
Post-tension the tie-down high-strength prestressing threadbar. This is located at the
center of each shear test beam. Apply a force of 120 k (530 kN) (before anchorage
losses) using a center-hole jack system.
7. Load test frame continuously at approximately 0.15 kips/s (0.67 kN), quasi-statically,
until specimen failure or approximately 1-in. (25 mm) deformation (clearance limit).
8. Unload test frame and shear test beam center anchor.
9. Turn shear test beam 180° for second specimen and repeat 5-8.
10. Repeat 4-9 for testing remaining shear specimens.
The key measurement that must be acquired from the shear tests is the displacement of the
shear test deck specimen relative to the shear test beam. This is accomplished with a linear
variable differential transducer (LVDT) mounted on each longitudinal face of the shear test beam
pushing against a reaction angle mounted to the bottom of the shear test deck specimen and
aligned with its transverse centerline. By utilizing an LVDT on each side, the amount of skew
that the shear test deck specimen experiences during loading can be assessed. Two string
potentiometers were attached to the vertical face of the shear test beam and attached to the side
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of the beam, and connected to the soffit of the deck panel unit under test. These potentiometers
indicate the degree of uplift and rotation of the deck panel unit with respect to the support beam.
A photograph of the instrumentation on the specimen is shown in Figure 3.8.

Figure 3.8 Photograph of LVDTs and string potentiometers connected to a shear test specimen.

A 2000-kip (8900-kN) capacity load cell was attached in series to the actuator to provide
accurate measure of the actual load applied to the shear test frame and shear test specimen. Halfbridge strain gauges were attached to one of the threaded rods or stirrup legs to provide
information on the strain and tension the shear connector experienced during the test.

3.4

Materials
The shear test concrete specimen components were cast simultaneously with the full-scale

test specimen whenever possible to maximize efficiency. Concrete was provided by Transit Mix
(Bryan, Texas), with a mix designed for 4-in. (102 mm) slump specified 28-day strength of 4000
psi (28 MPa). More information about the compressive strengths of the concrete used in the
different test specimens can be found in Chapter 2, Bridge Overhang System. Standard grade 60
rebar was used throughout reinforced concrete components, with #3 (#10M), #4 (#13M), and #5
(#16M) bars used as shown in the reinforcing details. For the precast shear connectors, 1-in. (25-

46

mm) high-strength T.R. (ASTM A193 B7) were used with high-strength (2H) nuts. This
threaded rod has a specified minimum yield and ultimate tensile strengths of 105 and 125 ksi
(724 and 862 MPa), respectively. Tensile tests were conducted to verify the tensile capacity of
both the rebar and threaded rods used for the validation tests. The measured yield and tensile
strengths of the #4 (#13M) rebar stirrups were 63 and 100 ksi (434 and 689 MPa), respectively.
The measured yield and tensile strengths of the T.R. were 120 and 137 ksi (827 and 945 MPa),
respectively, with a complete stress-strain curve shown in Figure 3.9. The shear connection
specimens per "Option 1" were followed in accordance with the initial Prestressed Concrete IBeam Details External Beams that were prescribed with 3.5-in. (89-mm) couplers.

Figure 3.9 Stress-strain curve from tensile test of one high-strength threaded rod (ASTM A193 B7).

A proprietary grout (SikaGrout™ 212) was used for the assembly of the shear test specimen
components. A 0.19 w/p was used for filling the haunch for its maximum strength while
providing minimum flow characteristics to fill the haunch. To fill the pockets of the shear test
specimens, a 0.16 w/p was initially used, but issues with subsidence cracking and the relative
expense of the grout led to later specimens’ pockets being filled with deck concrete from another
pour. Table 3.2 shows the details for the compressive strengths achieved at the time of testing for
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the shear test deck, beam, and haunch. More information about the grout used and material
properties of the concrete used can be found in Chapter 4, Materials, Section 4.1.
Regardless of the pocket filling material, the shear test specimens were assembled in the
same manner. A 2-in. (50 mm) wide strip of stiff foam (Dow 40) was bonded to the shear test
beam using a plastic adhesive (3M Scotch-Grip 4693). Another coating of the adhesive was
applied to the top of the foam, and the shear test deck was placed on top. After 20 to 30 minutes
of curing, the haunch grout was mixed and poured into the haunches through the pockets up to a
level of approximately 1 in. (25 mm) above the bottom of the shear test deck to ensure the
haunch was completely filled. After the haunch grout had reached initial set (approximately 5
hours), the pocket grout/concrete was added and the specimen’s surface was finished to as
smooth a surface as possible.

Table 3.2

Matrix of compressive strengths for shear test haunch, deck, pocket, and beam.
Haunch

Test #

Specimen
alias

1

Shear test deck
f'c [psi] for
f'c [psi]
grout
for deck
(concrete)
in pocket
9091
(9091)

Height
Inches (mm)

f'c [psi]
for grout
(concrete)

4_CIP_1_A

2-in. (50-mm)

(9091)

2

4_CIP_2_A

2-in. (50-mm)

(9091)

9091

3

2_TRC_1_A

2-in. (50-mm)

7023

4

2_TRC_2_A

2-in. (50-mm)

6059

5

2_TR_1_A

2-in. (50-mm)

Shear test beam
Connection type

f'c [psi] for
concrete
beam

CIP

6236

(9091)

CIP

6236

7023

8314

T.R. w/coupler

5938

6059

(5354)

Bolt w/coupler

7340

6059

6059

(5354)

T.R.

6129

6

2_TR_2_A

2-in. (50-mm)

6059

6059

(5354)

T.R.

6129

7

2_TRC_1_B

3.5 in. (89 mm)

6132

6132

(5354)

T.R. w/coupler

6129

8

2_TRC_2_B

3.5 in. (89 mm)

6132

6132

(5354)

T.R. w/coupler

6129

9

4_R_A

2-in. (50-mm)

7377

7377

8314

2 R-bars w/ grout

7340

10

2_TR_1_B

3.5 in. (89 mm)

6200

6200

(5354)

T.R.

6129

11

2_TR_2_B

3.5 in. (89 mm)

6200

6200

(5354)

T.R.

6129

12

4_CIP_1_B

3.5 in. (89 mm)

(5706)

5706

(5706)

CIP

6129

13

4_CIP_2_B

3.5 in. (89 mm)

(5706)

5706

(5706)

CIP

6129

3.5

General Results
The results from the present interface shear tests are intended to demonstrate the efficacy of

the deck-haunch-beam system working as a composite system. From the data collected, plots of
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the applied lateral load versus relative displacement of the deck to the beam of the 13 shear
specimens tested are shown in Figure 3.10.

Figure 3.10 Lateral force versus relative displacement for all 13 shear specimens.

In general, there are five stages of behavior that are exhibited, as follows:
1. Initially, resistance is provided by the bond of the grout (or concrete in the
case of conventional construction) between the precast deck panels and
concrete beam. This stiff system is sustained until the bond between the grout
and panels (or shear test beam) suddenly breaks. Results indicate that the
initial breakaway force occurs at a displacement of approximately 0.01 to 0.06
in. (0.25 to 1.5 mm) at an approximate shear stress on the haunch of 6√f’c
[psi] (0.5√f’c [MPa]).
2. Following breakaway, there is often a sudden drop off in resistance until the
shear connectors (or R-bars in the case of the conventional construction)
engage in tension and direct shear. This may not occur until the displacement
has reached 0.1 to 0.16-in. (2.5 to 4 mm).
3. As the lateral displacement increases, the deck panel uplifts in the vicinity of
the fasteners, which in turn, elongate and provide a tie-down restraint force.
This force is in turn resisted by a normal concrete beam-to-grout-to-panel
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compression nearby. The horizontal component of this compression force is a
frictional force that resists the applied lateral load. Thus, a frictional sliding
deck panel-to-beam mechanism results. This tends to stabilize from
displacements ranging from 0.2 in. (5 mm) to 0.6 in. (15 mm). This stable
force appears to result from yielded connectors.
4. As the displacements become large, the resistance increases slightly, which is
attributed to strain-hardening of the connectors.
5. Failure of a well-performing system tends to take place when the
displacements exceed approximately 0.7 in. (18 mm). Failure may result from
the following:
• grout crushing
• beam anchorage/shear failure
• R-bar pull-out from deck panel (cone failure), and/or
• shear failure of the connector.
To verify this, two opposing strain gauges were attached to one connector within each test
specimen. The data captured by the string potentiometers and LVDTs provided the numerical
values for the relative displacements both horizontally and vertically, and enabled computations
for the axial tension and implied coefficient of friction. The vertical tie-down force (axial
tension) was calculated and is shown in Table 3.3. The raw experimental data for all of the
specimens with a 2-in. (50 mm) and 3.5-in. (89 mm) haunch is shown in Table 3.4.
The data were analyzed and calculations were made to determine the concrete shear stress at
the breakaway resistance and implied friction coefficient, and to identify the failure mode per
specimen. From the data, the concrete shear stress at the breakaway force is computed and
normalized to determine the mean modulus of rupture of the concrete, which is 6.4 √f’c. As a
lower bound for strength calculations, it would be reasonable to use 6√f'c for design or
assessment calculations. As expected, the CIP specimens exhibit a larger coefficient of friction.
Depending on the roughness of the interface surface, the coefficient of friction can vary. The
dependable coefficient of friction from these tests at 0.2 in. (5 mm) and 0.5 in. is approximately
0.4.
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Table 3.3

Test
#

Specimen
alias

Raw experimental data for 2-in. (50 mm) and 3.5-in. (89 mm) haunch (italicized)
specimens.
Initial peak
displacement,
in. (mm)
(a)

4_CIP_1_A
1
0.008 (0.203)
4_CIP_2_A
2
0.008 (0.203)
2_TRC_1_A
3
0.066 (1.67)
2_TRC_2_A
4
0.058 (1.47)
2_TR_1_A
5
0.130 (3.30)
2_TR_2_A
6
0.056 (1.42)
2_TRC_1_B
7
0.164 (4.16)
2_TRC_2_B
8
0.201 (5.11)
4_R_A
9
0.034 (0.864)
2_TR_1_B
10
0.048 (1.22)
2_TR_2_B
11
0.067 (1.70)
4_CIP_1_B
12
0.055 (1.40)
4_CIP_2_B
13
0.014 (0.356)
Note: NA = not achieved

Table 3.4
Test #

Initial peak
force,
kips (kN)
(a)
77 (342)
76 (338)
77 (342)
85 (378)
59 (262)
59 (262)
76 (338)
80 (356)
65 (289)
69(307)
69 (307)
43 (191)
45 (200)

Force @
0.2 in.
(50
mm),
kips
(kN)
(b)
51 (227)
58 (258)
70 (311)
84 (374)
58 (258)
45 (200)
64 (285)
79 (351)
61 (271)
NA
NA
39 (173)
57 (254)

Peak
load
(past
initial)
[kips
(kN)]
(c)
64 (285)
58 (258)
81 (360)
93 (414)
70 (311)
52 (231)
76 (338)
80 (356)
67 (298)
67 (298)
69 (307)
61 (271)
58 (258)

Ultimate
displacement
[in. (mm)]
(d)
0.70 (17.8)
1.18 (30.0)
1.57 (39.9)
0.75 (19.1)
1.04 (26.4)
0.72 (18.3)
0.41 (10.4)
0.35 (8.89)
1.03 (26.2)
0.08 (2.03)
0.11 (2.79)
1.37 (34.8)
1.16 (29.5)

Vertical tie-down force
[kips (kN)]
@
Yield

@
Ultimate

50 (222)
50 (222)
125 (556)
125 (556)
125 (556)
125 (556)
125 (556)
125 (556)
50 (222)
50 (222)
125 (556)
50 (222)
50 (222)

79 (351)
79 (351)
142 (632)
142 (632)
142 (632)
142 (632)
142 (632)
142 (632)
79 (351)
79 (351)
142 (632)
79 (351)
79 (351)

Analysis of data for 2-in. (50 mm) and 3.5-in. (89 mm) haunch (italicized) specimens.

Specimen
alias

4_CIP_1_A
1
4_CIP_2_A
2
2_TRC_1_A
3
2_TRC_2_A
4
2_TR_1_A
5
2_TR_2_A
6
2_TRC_1_B
7
2_TRC_2_B
8
4_R_A
9
2_TR_1_B
10
2_TR_2_B
11
4_CIP_1_B
12
4_CIP_2_B
13
NA = not achieved

νui
[ksi (MPa)]

νu/√f'c

0.435 (3.00)
0.431 (2.97)
0.438 (3.02)
0.484 (3.34)
0.337 (2.33)
0.337 (2.33)
0.435 (3.00)
0.435 (3.00)
0.369 (2.55)
0.392 (2.71)
0.395 (2.73)
0.244 (1.68)
0.255 (1.76)

6.9
7.0
6.1
5.1
7.3
7.3
5.7
5.7
7.4
6.4
6.3
9.8
9.4

V/(Asvfy)
@ 0.2-in
(5 mm)
1.04
1.16
0.56
0.67
0.46
0.36
0.02
0.63
0.49
NA
NA
0.79
1.16

@ 0.5-in
(13 mm)
1.2
0.95
0.56
0.51
0.43
0.51
0.85
0.85

Observed failure mode
Sliding shear – R-bar
Sliding shear
Sliding shear – beam failure
Sliding shear
Sliding shear – cone failure
Sliding shear
Sliding shear
Sliding shear
Sliding shear
Brittle shear – beam failure
Brittle shear – beam failure
Sliding shear
Sliding shear

Note: νui = shear stress at initial breakaway, νu/√f'c = normalized shear stress, V = lateral force, Asv = combined
connector area, and fy = connector yield force.
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The plots of the lateral force versus relative displacement also reveal the ductility of the
connector. Continuous threaded rods exhibited the least amount of ductility for satisfactory
performance given a 3.5-in. (88 mm) haunch due to large forces that were transmitted that the
shear test beam could not handle, resulting in a brittle shear failure of the beam. However, the
continuous threaded rod within the 2-in. (50 mm) haunch seemed to reveal reasonable ductility.
Figure 3.11 shows an interpretive schematic to classify the performance of the connector based
on its ductility. Connectors experiencing ultimate displacements less than 0.2 in. (5 mm) can be
considered as brittle with unsatisfactory ductility. Ultimate displacements in the range of 0.2 in.
(5 mm) to 0.5 in. (13 mm) can be considered having satisfactory ductility, and connectors with
displacements greater than 0.5 in. (13 mm) can be considered as ductile with above-satisfactory
ductility.

(a)

(d)

(c)
(b)

Lateral
Force

Brittle

Satisfactory
Ductility

0.2 in.
(5-mm)

Ductile

0.5 in.
(12.7-mm)

Relative Displacement [inches (mm)]
Figure 3.11 Typical plot of lateral force versus relative displacement for shear specimens with
critical parameters from Table 3.3 noted.

52

3.6

Analysis of Interface shear for the Two Forms of Construction

3.6.1

Conventional Construction with R-bars

Figure 3.12 presents the normalized force-deformation behavior of conventional construction
(reflective of present practice for both the 2-in. (50 mm) and 3.5-in. (89 mm) haunch. When the
lateral relative displacements exceed 0.2 in. (5 mm), the R-bars have generally yielded. Also, in
most cases the lateral force resistance increased when the displacements exceeded about 0.5 in.
(13 mm). This is attributed to the increase in the R-bar tie-down force resulting from the strainhardening of those bars. Consequently, the lateral resistance in this range of relative
displacements is indicative of the coefficient of friction of the cracked concrete-concrete
interface that develops between the beam and the deck.

Figure 3.12 Normalized lateral force versus relative displacement: Specimens with R-bar shear
connection.
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Evidently, a dependable (i.e., conservative) value for the friction coefficient that can be assured
for this class of construction is

μc = 1

(3.1)

Therefore, the interface shear, per unit length, provided by the R-bars is given by
V in = μ c

Ash f yh
s

(3.2)

where Ash = area of R-Bars (hoops) in one hoopset; f yh = yield stress of the R-bars/hoops;

s = center-to-center spacing of the hoopsets; and μ c = dependable coefficient of friction at the
sliding interface shear surface.
From the results presented in Figure 3.12, it is also evident that for new or alternate shear
systems a target (dependable) displacement limit should be set at 0.5 in. (12 mm). For this class
of precast concrete slab-on-girder bridge, this 0.5-in. (12 mm) target deformability capability is
considered sufficient, given that full composite deck-to-girder action is to be expected.
If alternative interface shear anchorage systems are to be introduced with equivalence to
the standard R-bar system, then applying (3.1) and (3.2), the number of shear-connectors
required to restrain one panel is found from
n

≥

μ c Ash f yh / s
⋅ lp
μ g Asf f yf

(3.3)

where l p = length of the precast deck panels, typically 8 ft. (2.4-m); Asf = area of one threaded
rod connector; f yf = yield stress of the fasteners; and μ g = coefficient of friction of the infill
grout-to-panel soffit concrete interface. Note that a displacement capability > 0.5 in. (127 mm)
should also be attained.

3.6.2

Threaded Rod in Pocket Shear Connectors

Although the initial breakaway behavior of the proposed system with threaded rod shear
connectors was similar to those conventional specimens with R-bars, as shown in Fig 3.12, the
post-breakaway behavior is somewhat different. Figure 3.13 presents the normalized lateral force
applied to the specimens versus the relative lateral displacement. As mentioned above,
providing the fastener has yielded, which appears to be the case when the displacements reach
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approximately 0.2 in. (5 mm), the horizontal lines on the graphs are indicative of the sliding
friction coefficient. Clearly this response is uniformly inferior to the R-bar specimens, not
because of the connectors per se, but rather due to the presence of a different infill grout
material. There are two reasons for this:
1. different frictional sliding performance, and
2. different displacement limits due to the high concentration of forces anchored in the
beams.
These features are discussed next.

Figure 3.13 Normalized lateral force versus relative displacement for all shear specimens with the
threaded-rod shear connection. Note that after initial breakaway (and slip), the
normalized lateral force is indicative of the coefficient of sliding friction.
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3.7

Discussion of Sliding Friction Performance
From Figure 3.13 it is evident that a dependable friction coefficient for the proprietary group

used (SikaGroutTM 212 with w/p = 0.19) should be taken as µg = 0.4. To obtain equivalence for
the maximum R-bar spacing (2-legs #4 [#13M] @ 12-in. (300 mm) centers, Ash = 0.393 in2/ft.
[0.002 mm2/m]), the number of shear connectors required per 8-ft. (2.4 m) precast deck panel is:
n

≥

(1)(0.393)(60/12)
× (96)
(0.4)(0.52)(105)

=

8.6

(3.4)

As the initial design calls for three pockets with two 1-in. (25 mm) threaded-rod shear
connectors per pocket, a total of six threaded-rod connectors are required per panel. The initial
design details for the Rock Creek Bridge provide insufficient capacity to meet design
equivalence of matching R-bar capacity. In the case of the end panel, where the present design
calls for R-bars at 4-in. (100 mm) centers (Ash = 1.18 in.2/ft. [0.006 mm2/m]), the number of
fasteners needed per 8-ft. (2.4 mm) panel is:
n

≥

μ c Ash f yh / s
(1)( 0 .393 )( 60 / 4 )
⋅ lp =
⋅ (96 ) =
( 0 .4 )( 0 .52 )(105 )
μ g Asf f su

25 .9

(3.5)

The present design calls for three pockets and four threaded-rod connectors per pocket, a total of
12 threaded rods per panel.
Clearly, based on early assumed values, the present design for the Rock Creek Bridge is
unable to match equivalent R-bar performance in terms of interface shear capacity. To remedy
this shortfall in capacity, three possible solutions may be considered:
1. Use more threaded-rod connectors in each of the three pockets proposed in the
present design, or
2. Increase the number of pockets in the panel, or
3. Increase both the number of pockets and the number of shear connectors.
Due to the unknown influence of using multiple fasteners in a pocket, option (ii) above is
preferable at this time. However, at most, 7 pockets could be placed in an 8-ft. panel. That is,
each pocket would be 5-in. (125 mm) wide and fit between alternate tendons that are spaced at 6
in. (150-mm). As the efficacy of using more than two threaded-rod connectors at this time is
unknown, it is recommended that each pocket be limited to two threaded-rod connectors.
Moreover, any solution that will require three or more fasteners per pocket is considered difficult
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to construct. Therefore, based on the a maximum of seven pockets per panel, with two fasteners
per pocket, the maximum interface shear transferable is
V in = n μ g

Asf f yf
lp

= ( 2 × 7 ) × 0 .4

0 .52 × 105
= 3 .19 k / in = 0 .56 kN / mm
96

(3.6)

In summary, the present design based on matching R-bar capacity is not achievable; an
alternative approach to matching R-bar capacity is necessary. One alternative, and perhaps a
more rational approach, is to examine the actual interface shear demand imposed by traffic load
plus impact.

3.8

Redesign of the Pocket Requirements Based on Imposed Live Load Plus Impact

The shear demand was reassessed based on considering the lane loading under live load plus
impact for each edge girder. The shear stress in the haunch was then computed assuming
uncracked section properties of the composite prestressed concrete slab-on-girder. From this
analysis the following results were obtained for the interface shear demand:
•
•
•

At the ends of the girder, q = 3.0 k/in =0.53 kN/mm.
At the center of the girder, q = 1.0 k/in = 0.18 kN/mm.
Between the above, a linear interpolation may be assumed.

In light of these demands, and using the foregoing capacity data, in particular the results from
Equation 3.6, the following pocket layout is proposed (note each grouted pocket has two 1-in.
(25 mm) threaded-rods:
•

For the three panels at the end of the girders, use seven pockets. For these panels place the
pockets between alternate tendons. The pockets are 5-in. (125 mm) long (with respect to
the longitudinal axis of the bridge) by 8-in. (200 mm) wide.

•

Use four pockets for all other panels (in the central region of the span). The pockets are 5in. (125 mm) long (with respect to the longitudinal axis of the bridge) by 8-in. (200 mm)
wide and are to be placed between tendons 2 and 3, 6 and 7, 10 and 11, and 14 and15.
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3.9

Effect of Haunch Height: 2-in. (50 mm) versus 3.5-in. (89 mm)
Tests conducted with the 2-in. (50 mm) haunch revealed adequate ductility, where the

specimens with threaded rods and couplers revealed the largest breakaway resistance, peak load,
and ultimate displacement, as shown in Figure 3.14. The results shown from the varying haunch
height are inconclusive at the time of writing this report because the data from the 3.5-in. (89
mm) were clouded by poor beam performance (brittle beam failure), thereby limiting
displacements to less than 0.2 in. (5 mm) (Figure 3.15). Additional testing is necessary to verify
the effect of the haunch height on the deck-haunch-beam system. However, it is known that a
larger overturning moment is inherently induced given a taller haunch.

Figure 3.14 Lateral force versus relative displacement of all tests with a 2-in. (50 mm) haunch.
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Figure 3.15 Lateral force versus relative displacement of all tests with a 3.5-in. (89 mm) haunch.

59

3.10 Discussion on the Problem of Beam Failure
During the course of testing it became evident that there was an inherent weakness in the
detailing of the pocket-fastener-to-beam details. The two threaded fasteners when yielding have
a combined pull-out force capacity of 143 kips (634 kN). This large force imposes significant
distress to the beam. Evidently, as the threaded rods become heavily strained, much of their
anchorage is provided by the headed nut, which in turn imposes a large uplift force within the
concrete beam. This force is restrained by strut action from the nearby beam hoops, as shown in
Figure 3.16.

C = μT

μT

T
C
M

C

T/2

T/2

M + dM

Figure 3.16 Strut-and-tie mechanism within the beams tested.

The tensile force that can be generated by the fasteners is restricted to the tensile capacity of
the hoops that are sufficiently close to enable the strut forces to activate. Clearly, there were
insufficient hoops for this purpose in some of the tests, particularly for the 3.5-in. (88 mm)
haunch specimens. It is therefore suggested that the detailing of the hoops within the beam be
altered accordingly. The dependable capacity of the hoops within one embedment length on
either side of the fasteners should be not less than the maximum load to be sustained by the
fasteners. More formally,
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φ nAsh f yh ≥ ∑ Asf f su

(3.6)

in which n = number of hoopsets required; Ash = area of steel within one hoopset (typically twolegs of #4 [#13M] bars; fyh = yield stress of hoop steel; φ = undercapacity factor suggested here
to be 0.9; Asf = area of threaded fasteners; and fsu = ultimate tensile stress of threaded fastener.
For the present design with two threaded rod fasteners per pocket, this has the solution
n

≥

2 Asf f su

φ Ash f sh

=

(2×0.52)(125) 130
=
=6.1
(0.9)(0.393)(60) 21

(3.7)

Thus, at least three #4 (#13M) hoopsets should be grouped to either side of the fasteners.
If on the other hand the hoop bar size is increased and #5 (#13M) hoops are used:
n

≥

2 Asf f su

φ Ash f sh

=

(2×0.52)(125) 130
=
=3.9
(0.9)(0.614)(60) 33

(3.8)

This appears to be a more manageable solution; therefore, two #5 (#16M) hoopsets should be
grouped as close as practicable on both sides of the fasteners, as shown in Figure 3.17.

2" 2" 4" 2" 2"
(50) (50) (101) (50) (50)

Figure 3.17 Hoopsets grouped on either side of the fasteners.
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3.11 Summary
Based on the shear tests conducted in this investigation, the following summary is provided:
•

•

•

The interface shear capacity of the existing R-bar system used in present
practice is sound. From the tests, the inferred coefficient of interface friction
between cracked concrete-concrete interfaces that exist within the haunch of a
prestressed concrete slab-on-girder bridge is at least 1.0.
The apparent coefficient of sliding friction in the cracked grout-bed that exists
between the precast concrete slab and concrete girder, based on the present test
data, should not exceed 0.4. This result is lower than expected; it is attributed
to the relatively smooth shear interface between the soffit of the precast panels
and the grout in the haunch.
Based on two threaded-rods per pocket, as tested, the interface shear system to
connect precast concrete slabs to concrete girders via a grout bed, as proposed
by TxDOT engineers in collaboration with the research team, does not have
sufficient capacity as expected by the initial design.

The relatively meager resistance provided by the interface shear using the haunch can be
improved by using more pockets and fasteners. This design will increase the number of pockets
for the three panels at the end of the girders to seven, and all other panels will require four
pockets.

62

CHAPTER 4. MATERIALS
This section of the report presents findings from the testing of grout materials and haunch
forming materials. The grout research investigated the requirements for grout specifically for
use in the haunch section of precast bridge deck systems. Flow and strength characteristics were
evaluated for different types of mixtures. The haunch form materials research investigated the
characteristics of foam materials and how these materials resist lateral loads from grout
pressures.

4.1

Haunch Grout Material

4.1.1

Experimental Plan

The purpose of this material testing program is to identify a grout that can be used to connect
together bridge panels with bridge girders for precast overhang bridge construction. The
mixtures tested used SikaGrout 212TM high performance grout (herein referred to as Sika) and
sand, and were evaluated based on both their fresh and hardened characteristics.

4.1.1.1 Mixing Variables
Conditions of bridge construction requires that the grout be mixed on site; hence, a simple
mix proportion accompanied by straightforward performance tests are required. To provide a
more economical grout mix, a test matrix consisting of different water to Sika powder ratios
(herein referred to as w/p) and varying sand contents were evaluated to identify an optimized
mixture. Table 4.1 shows the experimental plan used in this research, where the mixtures have
been identified based on the following labeling system: “w/p_sand content.”
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Table 4.1

Test matrix of Sika mix designs.

w/p

0%

10%

20%

0.17

17_ 0

17_10

17_20

0.185

185_ 0

185_10

185_20

0.20

20_0

20_10

20_20

0.25

25_0

25_10

25_20

4.1.1.2 Design Considerations and Testing
Grout for precast overhang systems needs to be cast through panel pockets into the
underlying haunch, where the grout should flow freely through the haunch until full. This
requires the grout to be sufficiently fluid to flow through the haunch while maintaining
dimensional stability and later attaining sufficient strength. Obtaining both of these criteria can
have conflicting effects. To evaluate these characteristics the flowability, segregation, bleeding,
early age dimensional stability, fresh density, and strength were evaluated. The research
investigating these characteristics is discussed in the following sections.

4.1.1.3 Flowability
Flowability is a composite characteristic that can be described by the grout’s cohesiveness
and consistency. Cohesiveness is a measure of the grout’s stability and its ability to withstand
segregation and bleeding. Cohesiveness considers the yield stress required to break the
interparticle forces within the grout through shear. Once broken, the plastic viscosity defines
the ease of flow of the grout, which is described by the consistency.
An optimum level of flowability is required for precast panel construction, as a high plastic
viscosity is required to allow the grout to freely flow and consolidate within the haunch.
However, the grout mixture must be cohesive enough to maintain a homogenous profile while
moving through the haunch zone.
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The consistency can be indirectly measured using an
efflux cone apparatus in accordance with Tex-437-A, Test
for Flow of Grout Mixtures (Flow Cone Method 2), a
modified version of ASTM C939-02, Flow of Grout for
Preplaced-Aggregate Concrete. This test is used to provide
an indirect measure of the grout’s consistency by measuring
the time for 33.8 fl oz. (1000 mL) of fresh grout material to
pass through a defined opening. Figure 4.1 shows the
apparatus used to evaluate the grout consistency. To put
this test into perspective, the efflux time of water is three
seconds, whereas syrup has an efflux time of 15 seconds.
Another test used to indirectly measure both consistency

Figure 4.1 Efflux cone test.

and cohesiveness is the flow cone test. This is a scaleddown version of a slump cone test; however, due to the fluid
nature of grout, the diameter of the grout circle after removal of the cone is measured as opposed
to height drop (as in slump). The testing procedure has been modified from ASTM C230/C
230M-98, Flow Table for Use in Tests of Hydraulic Cement, as the original test requires the use
of a flow table. However, for practical issues of onsite field testing, this drop table has been
excluded from the test procedure. Figure 4.2 shows the three-step procedure to carrying out this
modified test.

65

Step 1

Step 2

Step 3

• Lay a flat steel sheet of metal • Fill the cone with grout so • Swiftly lift the cone vertically and
hold slightly above the flowing
that it is flush with the top
measuring no less then 15x15
grout to allow any excess to drip
of the cone and strike off
in. (375x375 mm) on the
while the grout spreads in a
any excess grout with a
ground so that it is level in
circular pancake-like shape.
flat surface.
both planes.
• Wet and clean the flow cone • Ensure that the area • Once the grout has stopped
flowing, take two perpendicular
around the flow cone is
approximately 1 minute before
readings of the circle’s diameter to
clean.
use and allow to stand and dry
the closest .25 in. (6 mm).
• Wipe down the metal surface
• If grout continues to spread, this is
with
a
damp
cloth
an indication that either the grout
approximately 30 seconds
has not been properly mixed
prior to use and place the flow
because there is free water present,
cone in the center.
or that the w/p is too high.
• Place cone on flat sheet.
Figure 4.2 Testing procedure for flow cone test.

To obtain the loss of flowability with time relationship, a mix was batched and divided
evenly into 5 buckets and left to set in a room of known temperature and humidity. Each sample
was left undisturbed until the time of testing, and then it was promptly mixed for ten seconds and
tested. Readings were taken at 15-minute intervals and the grouts were discarded after use.

4.1.1.4 Segregation
Segregation control is the ability to maintain dimensional stability without having the
individual components segregate under gravity or flow. Segregation in mixes is more easily
observed than measured while the grout is in its fresh state, where free water and grout paste
separate. Mixtures that are susceptible to segregation will separate into two layers when
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performing a flow cone test; the sand and grout will be deposited in the center of the circle while
the free water will flow freely at the edge of the grout circle, as shown in Figure 4.3.

(a) Flow cone displaying good consistency

(b) Flow cone showing signs of segregation

Figure 4.3 Examples of good and bad flow cone tests.

4.1.1.5 Bleeding
Bleeding is a form of segregation that is defined by the process of water rising (bleeding) to
the surface after the grout has been placed and consolidated, but before it has set. Bleed water
needs to be minimized due to the enclosed space the grout is occupying in the haunch. Bleed
water can become trapped on the underside of the panel and result in unwanted voids. Generally
speaking, mixtures with lower w/p are less likely to bleed, as they have minimal amounts of free
water.
Take, for example, a precast overhang system bridge that is 120-ft. (36.6 m) long with a 4
percent grade, where it is assumed that the entire haunch is to be poured in one cast and all the
bleed water is to accumulate at the top end of the bridge. If a bleed water percentage of 0.1
percent by volume of grout is specified, then this will result in a void forming that is 0.5-in. (13
mm) deep and stretches 16 in. (406 mm) longitudinally at the top of the haunch. Given the size
of the bridge in comparison, and the unlikelihood of this occurrence since the voids will be
dispersed over the span of the bridge, this is an allowable tolerance to specify for the grout.
ASTM C940-03, Expansion and Bleeding of Freshly Mixed Grouts for Preplaced-Aggregate
Concrete in the Laboratory, can be used to determine the level of bleed water produced by the
grout.
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4.1.1.6 Expansion/Subsidence
It is reported that Sika contains shrinkage compensating characteristics by which the grout
undergoes an initial expansive volume change during the very early stages of curing. This
reaction then compensates for subsidence that takes place during setting due to shrinkage.
Mixtures with expansive tendencies will increase the lateral pressure applied to the foam walls of
the haunch, whereas mixtures that suffer from shrinkage will result in a loss of bond to the panel
interface.
The level of expansion/subsidence can be measured using the provisional test method,
AASHTO Designation: X 10, Evaluating the Subsidence of Controlled Low-Strength Materials,
(Folliard et al. 2008).

4.1.1.7 Fresh Density
The fresh density of the grout is an easy way to verify mix proportioning and w/p. The fresh
density can be determined using the Baroid Mud Balance test; however, as Sika is more granular
than the materials this test was designed for, a proper seal of the lid is challenging to achieve.
For this reason the test method has been modified by turning the lid over when sealing the mud
balance, then scaling the obtained reading with a modification factor on the specific gravity of
water. For example, the factor for the specific gravity of water is 1.1 when using this modified
method. Therefore, readings obtained with grout and the inverted lid need to be scaled by a
factor of 1.1 to define the actual specific gravity.

4.1.1.8 Strength
The design compressive strength of the concrete deck is 4000 psi (28 MPa); thus, the grout
must be proportioned to achieve at least this strength. Other factors may require higher strength
and these will be assessed as required. ASTM C942-99 (2004), Compressive Strength of Grouts
for Preplaced-Aggregate Concrete in the Laboratory, can be used to determine the strength of
the grout at 1, 3, 7, 28, and 56 days with a sample size of three cubes per test.
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4.1.2

Materials

The research team evaluated literature for several grout types and from several manufactures.
Based on this review, Sika High Performance grout was selected for further evaluation in this
program. Other non-proprietary grouts are being evaluated as part of this research program.
However, this research is still underway and this report will only include recommendations based
on Sika test results.
4.1.2.1 SikaGroutTM 212 High Performance Grout
SikaGrout 212 is a non-shrink, cementitious grout that is recommended for structural
applications and is versatile for high flow applications. Refer to Appendix B for the material
data sheet.
Based on the material recommendations a 500 rpm mechanical drill mixer was used with a
circular paddle mixer. The mixing procedure consisted of batching the materials to an accuracy
of 0.1 pounds (0.045 kg). The grout powder was gradually added to the water in 3 to 4 stages
with short bursts of mixing between each to prevent balling of the grout. Mixing continued for 5
minutes from the time of water addition, ensuring that the grout was well mixed and
homogenous.

4.1.2.2 Sand
Testing of the sand for absorption capacity and specific gravity was carried out in accordance
with ASTM C128–04a, Density, Relative Density (Specific Gravity), and Absorption of Fine
Aggregate. The determination of the fineness modulus and sieve analysis for the sand was
carried out in accordance with ASTM C136–05, Sieve Analysis of fine and Coarse Aggregates.
Table 4.2 shows the values obtained based on these tests.

Table 4.2

Characteristics of sand.

Absorption Capacity
1.23

Oven Dry Specific

Saturated Surface Dry

Gravity

Specific Gravity

2.57

2.60
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Fineness Modulus
2.40

The sand gradation curve (Figure 4.4) was determined based on an average of three tests.
Results indicate that the particle sizes passing through the #30 sieve (0.6 mm) were slightly
higher than the grading limits for fine aggregates recommended by ASTM C 33-03, Concrete
Aggregates.

Figure 4.4 Sand particle size distribution curve (dashed lines are minimum and
maximum limits fir ASTM C33).

4.1.3

Results & Analysis

Testing has been performed over the last 5 months in order to develop an appropriate grout to
meet the design criteria of the precast overhang bridge system. Following are the results from
the grout testing program.
4.1.3.1 Flowability
It is desirable for the grout efflux time to be less than twenty seconds based on typical grout
requirements. Figure 4.5 (a) shows the efflux times directly after mixing and 30 minutes after
mixing. As expected, decreases in the w/p and/or the addition of sand results in a loss of
workability; however, Figure 4.5 (b) illustrates that lower w/p are affected more severely by
increasing the sand content.
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(a) Initial and 30 minute efflux times

(b) Influence of sand content on efflux time

Figure 4.5 Influence of time and sand content on efflux time.

A relationship between efflux time and the flow cone results can be derived when plotted
against one another. As shown in Figure 4.6 (a), a linear relationship is evident between the two
test results.
Figure 4.6 (b) shows the decrease in flow and the increase in efflux time as a function of time
after mixing. Samples were mixed and tested in a room with a temperature of 87°F (30.6°C) and
55 percent relative humidity. It can be observed that the efflux time approximately doubles after
30 minutes while the flow cone loses approximately 1 in. (75 mm) in diameter after the same
period. These results indicate that once mixed, the grout needs to be placed as soon as possible
(within the first 15 minutes ideally) to ensure good flowability while being placed into the
haunch.
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(a) Flow cone diameters plotted with
corresponding efflux times

(b) Loss of flowability with time for a mix
with w/p = 0.185

Figure 4.6 Efflux time and flow cone results.

4.1.3.2 Bleeding
Results from bleed water testing did not present any reasonable trends, as shown in Figure
4.7. The percentage of bleed water is shown for increasing sand contents. To derive more
reliable relationships between the varying bleed water percentages, more tests would be required
to find the averages. However, from these results it can be concluded that the lower w/p values
provide better bleed control. Lower values of w/p should be specified and used in order to
minimize bleeding.
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(a)

(b)

Figure 4.7 (a) Bleed water percentages for increasing sand contents; (b) Expansion/Subsidence
profile of Sika mixtures.

4.1.3.3 Expansion/Subsidence
Figure 4.8 shows the expansion and subsidence of grout where expansion and subsidence are
in the positive and negative directions, respectively. It can be observed that higher w/p values
result in lower levels of expansion. Initial set times are shown by the end points of the curves.
Figure 4.8 shows the volumetric change in profile of individual w/p value with varying sand
contents. A common trend shows that the increase of sand reduces the initial expansion and
overall subsidence of the grout.
The repercussions of having a grout that subsides could result in the loss of bond between the
top of the haunch and bottom of the bridge deck panel interface, possibly reducing the overall
shear capacity of the bridge-beam connection. For this reason, sand is not recommended to be
used as a supplementary material with Sika grout.
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(a) w/c = 0.17

(b) w/c = 0.185

(c) w/c = 0.20

(d) w/c = 0.25

Figure 4.8 Volume change profiles of mixes with varying sand percentages.

4.1.3.4 Strength
The results from this testing are shown in Figure 4.9 for each w/p with varying sand contents.
These results confirm that all the mixes below a w/p of 0.20 will obtain and exceed the required
4000 psi (28 MPa) compressive strength within the first 7 days. This concludes that strength is
not one of the limiting factors for this design, provided the w/p is less than 0.20.
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(a) w/c = 0.17

(b) w/c = 0.185

(c) w/c = 0.20

(d) w/c = 0.25

Figure 4.9 Strength development curves for different w/p.

4.1.3.5 Comparisons
From the findings of this grout testing program, strength versus efflux time can be graphed
against each other to find the ideal mix based on the criteria that a strength greater than 4000 psi
(28 MPa) and an efflux time less than 20 seconds is required. This is shown in Figure 4.10.
Subsequently, from the expansion/subsidence and bleed results it was determined that mixes
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containing sand are unsound and that lower w/p values result in less bleed water. Thus, a w/p of
0.185 is recommended for the Sika.

Figure 4.10 Comparison of strength vs efflux time.

4.1.4

Constructability and Proposed Special Specifications

The following section provides a general description of the recommended installation
procedure for the haunch grout materials. The procedure is recommended to prevent the
collection and formation of voids in the haunch zone. In general, grout materials should be
placed from the lowest elevation to higher elevations. To prevent leakage of the grout during
installation, all haunch form materials shall be well connected to the girders (or other elements
when necessary) and the bottom of the panels (or other surfaces as necessary).
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4.1.4.1 Construction Sequence for Haunch of the Partial Full-Depth Precast Overhang System
Grouting of the haunch involves a 5-step approach using the Sika product batched with a w/p
of 0.185, and tested in accordance with Special Specification XXX; Structural Grout for Haunch.
Table 4.3 provides a general procedure for placing grout on the Rock Creek Bridge.

Table 4.3

Grout placement procedure.
Begin pouring grout
from first bridge pocket

Step 1: Begin placing from the lowest
pocket and continue filling until the
pocket is full.

Panel
Grout

Beam

Shear connections

Fit and secure first
pocket cover
Step 2: Use a pocket cover to force
grout down until the grout is at the
correct level. The pocket cover will
need to be built to prevent leakage of
grout, as well as to have a method of
securing it to the shear connectors.

Panel
Grout
Beam

Shear connections
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Table 4.4(continued) Grout placement procedure.
Fit and secure next
pocket cover
Panel

Step 3: Continue working up the bridge
by blocking off pockets that are full by
using pocket covers.

Grout
Beam

Shear connections

Next pouring
pocket
Step 4: The last pocket that has a full
haunch now becomes the next pocket to
pour into in order to continue filling the
haunch. This ensures that no grout is
able to flow downhill, as this creates
entrapped air under the panel.

*Pouring position
#1

Pocket
cover

Panel
Grout

Beam
Note: the downhill end of the pocket is
required to be filled with grout

To illustrate the consequences of
pouring grout downhill, a test was
conducted, and the results clearly
showed a circular volume of entrapped
air voids at the interface where the new
grout came into contact with the grout
that had already been placed.

Zone of entrapped air

2-in. (50 mm) thick foam

Step 5: Repeat steps 1 through 4 until the entire haunch has been filled.
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Table 4.4

Laboratory Model

A full-scale model of the bridge haunch
for two panels (16 ft. [4.9 m] in length)
was built to illustrate the recommended
placement method of steps 1 to 3 for a
precast bridge with a 4% grade.
This testing confirmed that the
recommended Sika mixture is flowable
through both a 0.5- and 3.5- in. (13 and
88 mm) haunch height.

Step 1: Place grout into first pocket.

Step 2: Fit and secure pocket cover to
first pocket.

Step 3: Fit and secure pocket covers to
the remaining pockets.

79

4.1.4.2 Special Specification
The following is a recommended special specification for the haunch grout on the Rock
Creek Bridge.
200X Specifications

CSJ XXX-XX-XXX

SPECIAL SPECIFICATION
XXX
Structural Grout for Haunch
1. Description. Furnish, mix, place, and cure prepackaged, non-shrink, cementitious grout for precast
bridge construction.
2. Materials. Provide prepackaged, non-shrink, cementitious grout that conforms to the following
requirements:
(a) General. SikaGroutTM 212 is to be used for the grout in the haunch zone with a water to Sika
powder ratio of 0.185. SikaGroutTM 212 should not be cast in the overhang pockets. A minimum
of 3 in. (75 mm) of deck concrete shall be placed in the pockets after the SikaGrout has achieved
its final set.
(b) Mechanical. Minimum compressive strength of ASTM C942-99 (2004) 2-in. (50 mm) cubes per
Table 1.

Table 1
Minimum Grout Strengths
Age

Compressive Strength, psi (MPa)

1 day

2,000 (14)

3 days

3,200 (22)

7 days

4,000 (28)

28 days

4,600 (32)

(c) Constructability
1) Flowability: 8- to 18-second fluid consistency efflux time per Tex-437-A, Test for Flow of
Grout Mixtures (Efflux Cone Method 2).
2) Consistency: 8.5- to 11-in. (215 to 280 mm) average diameter circle per modified method
of ASTM C230/C 230M-98, Flow Table for Use in Tests of Hydraulic Cement1.
3. Equipment. Provide clean mechanical mortar mixer for batching grout. Use appropriate hardware to
block off bottom of panel pockets to prevent grout from hardening in pockets.
4. Construction. Mix and place grout in accordance with manufacturer recommendations with the
exception of requirements in this special provision. The requirements of this special provision
supersede the manufacturer’s requirements.

1

Refer to Section 4.2.3.1 Flow ability for test method procedure
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(a) Trial Batching. A trial grout mixture of a simple mock-up connection will be required at least
two weeks in advance of the grout placement. The trial grouting will demonstrate the reliability
of the Contractor’s grout mixing and testing procedures, confirm the grout placement procedure
in the haunch, and familiarize the Contractor with the grout placement process.
(b) Grout Mixing and Placement. Grout shall be mixed in accordance with this provision.
Manufacturer recommendations, including requirements for expiration date, grout mixing, outside
air temperatures, and mixing durations shall be followed. The grout shall be placed in one
uninterrupted placement unless otherwise approved by the Engineer. A placement procedure has
been recommended in Section 4.1.4.1 of this report. Variation from this procedure will require
approval from the Engineer.
Quality control of each batch mixed is required before placement as per test methods in “2.C.
Constructability” of this provision.
(c) Job Sampling. Quality control of grouting in construction will include tests for

flowability, consistency, fresh density, and compressive strength.
1) Flowability: A minimum of one test per mixture batched is required and must obtain an
efflux time within the range of 8 to 18 seconds per “Tex-437-A, (Efflux Cone Method 2).”
2) Consistency: A minimum of one test per mixture batched is required and must obtain an
average diameter circle of 8.5 to 11 in. (215 to 280 mm) based from a minimum of two
readings per modified ASTM C230/C 230M-98; ”Flow Table for Use in Tests of Hydraulic
Cement.”1
3) Fresh Density: A minimum of one test per mixture batched is required and must obtain a
specific gravity within the range of 2.37 to 2.47 per modified Baroid Mud Balance.
5. Measurement. This Item will be measured by the cubic foot (cubic meter) of neat lines from the top
of the girder to the bottom of the panel, from the inside edge of the haunch forms, over the span
length. The average distance between the top of the girder and the bottom of the panel will be
determined by measuring this distance at each pocket, summing these values, and dividing summation
by the number of pockets.
6. Payment. The work performed and materials furnished in accordance with this Item and

measured as provided under “Measurement” will be paid for at the unit price bid for
“Structural Grout.” This price is full compensation for furnishing and placing grout and for
all labor, tools, equipment and incidentals necessary to complete the work. The preparation
of trial batches described will not be paid for directly and shall be considered subsidiary to
this bid item.

4.1.5

Summary of Grout Testing

The purpose of this material testing program was to identify a grout that can be used in the
haunch zone between bridge panels with bridge girders for precast overhang bridge construction
based on the fresh and hardened state characteristics of the grout. SikaGroutTM 212 was
evaluated, and it was determined that the optimum mixture design most suited for the project was
a w/p of 0.185 without sand. A proposed special provision for the Rock Creek Bridge has been
provided.

81

4.2

Haunch Form Materials
The haunch, the space between the beam and the bridge deck, plays an important role in the

construction of bridges. This area may need to be adjusted significantly in the field to ensure
that the correct roadway profile and bridge deck thickness is provided. Determining the height
of the haunch can become especially challenging when prestressed concrete beams are used, as
the camber can be quite variable between beams of the same design (Kelly et al. 1987).
There have been several precast bridge deck systems developed in the last 10 years and
implemented by various SHAs that have demonstrated that a precast bridge deck system needs to
have the ability to be adjustable to meet construction and grading tolerances. However,
previously developed systems have largely ignored the importance of the haunch and often
require workers to go back under the bridge once the geometry is established to manually
complete the forming of the haunch (Badie et al. 2006; Sullivan 2007). While these approaches
appear to have been satisfactory for past projects, the performance of precast deck systems can
be improved if a forming system is used that provides the strength needed to resist the lateral
pressure from the fluid cementitious material filling the haunch, allows for an easy adjustment of
the system, and does not require workers under the bridge deck for either installation or removal.
During an early meeting with TxDOT personnel, the research team proposed investigating
low-density packing foam for this application instead of a spring loaded form system. The
suggestion was approved and four different foams and three different adhesives were
investigated for their ability to resist lateral pressure, direct tension, and a combination of tension
and lateral pressure. These tests were designed to best simulate the performance of the glue and
adhesives in different phases of the construction.

4.2.1

Experimental Plan

In the following tests, different combinations of foams and adhesives were investigated at
different ages. In all of the tests, the initial specimen preparation was performed in the following
manner:
•

Adhesive is applied to thoroughly cover the concrete beam (dimensions 18 x 3 x 3
in. [450 x 75 x 75 mm]).
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•
•
•
•

A foam plank (dimensions 10.5 x 3 x 1.5 in. [263 x 75 x 38 mm]) is then placed
on the glue-covered surface of the beam.
The top surface of the foam is then thoroughly covered with the adhesive.
The formed surface of the concrete beam is then placed on top of the foam.
The glue is then allowed to gain strength while being supported with a jig under
gravity loads.

In this testing program it was important to ensure that a surface was used on the concrete
blocks that would be similar to the surface used in the actual structure. For this reason the foam
was glued to a trowel-finished concrete that represented the top surface of the precast beam and
to a formed surface of a beam that represents the bottom of the precast panel. A brief summary
is provided on the lateral pressure, tension, and tension and lateral pressure in the following
sections.

4.2.1.1 Lateral Pressure
This test examines the capacity of a foam and adhesive combination from lateral pressure by
using an inflated air bag to simulate the lateral pressure from a fluid grout or concrete. In this
test the air bag is monitored with a pressure gauge, and adjustments in pressure are made with a
regulator valve. The specimens are supported on their side on a wooden table, and the concrete
blocks are fixed to the table using pipe clamps. The air bag is then placed between the foam and
the table. The test setup is shown in Figure 4.11. Care must be taken to ensure that the air bag
applies pressure uniformly on the foam. Deflection gages were used in the test to measure the
deflection at the edge and center of the specimen.
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Figure 4.11 Experimental setup for the lateral pressure test.

The specimens were measured at regular intervals starting at 1.5 psi (10 kPa) and increasing
by 1 psi (7 kPa) until a maximum pressure of 6.5 psi (45 kPa) was reached. At each pressure
interval the loading is paused for 1 minute to allow the deflection of the system to stabilize. The
value of 6.5 psi (45 kPa) was chosen because it was the capacity of the air bag equipment used in
the testing and is also a reasonable upper bound on the amount of pressure that one might see
from a gravity placement of concrete or grout. This would roughly correspond to 6.5 ft. (2 m) of
concrete head. An example of a failed specimen is shown in Figure 4.12.
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Figure 4.12 A lateral pressure test specimen at failure.

4.2.1.2 Tension
This test focuses on the capacity of foam and glue in tension when it is pulled apart at 10
lb/minute (44 N/minute). This test provides information about the amount of elongation that can
occur before the specimen fails. This simulates a situation that may occur if the precast
overhang panel is glued to the foam and then the height is adjusted.
For the loading in this testing, a universal testing machine was used. Specimens were
prepared as described previously and then clamped to steel plates that were bolted to the load
heads of the machine. A level was used to ensure that the specimen was attached with minimal
eccentricities. During the testing, deflection gages were also used to monitor the deflection of
the specimen. The test assembly is shown in Figure 4.13.
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Figure 4.13 Experimental setup for the tension test.

Tension was applied to the specimen at a rate of 10 lb/min (44 N/min). The specimen was
loaded until a tear, wide enough for grout to pass through, was observed in the specimen. Failure
was defined when grout was observed passing through the tear in the haunch foam. The load
was then stopped, and the deflection readings on the gages were recorded.

4.2.1.3 Tension and Lateral Pressure
This test evaluated the lateral pressure capacity of the foam and adhesive after the specimen
was elongated 0.25 in. (6 mm). This combination of elongation on the foam and then subsequent
lateral pressure can occur if a panel is first glued to the foam, the height is then adjusted, and
then a subsequent lateral load is placed on the foam. The value of 0.25 in. (6 mm) was chosen
from the tension results described in the previous section.
First, the specimen was prepared and placed on the wooden table as described previously.
Next, small screw jacks were used to elongate the specimen by 0.25 in. (6 mm). The specimen
was then clamped to the wooden table and a lateral pressure was applied with an air bag system.
Gages were then used to measure the deflection of the specimen from the lateral pressure. The
specimens were measured at regular intervals starting at 1.5 psi (10 kPa) and increasing by 1 psi
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(7 kPa) until 6.5 psi (45 kPa) was reached. At each pressure interval the loading was paused for
1 minute to allow the deflection of the system to stabilize.

4.2.2

Materials

For this testing a large number of foam samples were investigated. However, after
discussions with representatives in the foam industry, it was decided to narrow the investigation
to either polyethylene or cross-link foams. These foams were chosen for their economy,
availability, durability, and water tightness. A summary of the foam properties included in the
study is provided in Table 4.4. Foams 1 through 3 are polyethylene foams, and foam 4 is a
cross- link material. Typically, as a foam’s density increases so does the modulus and tearing
resistance.

Table 4.5

Summary of the manufacturer reported foam properties.

Property
Density, psf (Pa)
Force required to give a
given deflection, psi (kPa):
25%
50%
Percent increase in the
sustained load:
2 hours
24 hours
Percent increase in
deflection at 1 psi (7 kPa)
Tensile strength, psi (kPa)
Elongation, %

Foam Number
3

Test Method

1

2

4

1 (48)

1.2 (57)

1.7 (81)

2.0 (96)

3 (21)
6 (41)

5 (34)
10 (69)

5.5 (38)
12.5 (86)

5 (34)
14 (96)

30
24

30
24

34
20

Not tested
Not tested

12%

5%

3%

Not tested

20 (138)
75

38 (262)
75

26 (179)
59

54.5 (376)
237

ASTM D-3575
Suffix W
ASTM D-3575
Suffix D
ASTM D-3575
Suffix B
ASTM D-3575
Suffix BB
ASTM D412
ASTM D412

Adhesives were obtained that were compatible with both the concrete and foam. There were
three main types of adhesives investigated. These included (A) synthetic elastomer liquid, (B)
two part epoxy, and (C) aerosol adhesive. In the remainder of the report each adhesive will be
referred to by its corresponding letter. Results for adhesive A and B are included in this
document. The testing for adhesive C will be included in the final report, but it was realized
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through preliminary testing that this adhesive did not perform as well as the other two and is
quite costly.

4.2.3

Results and Analysis

The results from the previously described tests are presented in Table 4.5. The average and
standard deviation values are presented for three tests. The maximum pressure investigated in
the lateral pressure and tension and lateral pressure tests was 6.5 psi (45 kPa). If a specimen
exceeded this capacity, then the value was reported as 6.5 psi (45 kPa). If a standard deviation
was reported as zero, then this means that all three specimens had the same value. Data were
included in the table for a cure time of one and two days. This was done to evaluate how the
strength of the foam changed with time.

Table 4.6

Summary of the testing for the foams and adhesives investigated.

Foam Adhesive
1
2
3
4
2
2

A
A
A
A
A
A
A
A
A
A
B
B

Cure
Time
(days)
1
2
1
2
1
2
1
2
1
2
1
2

Lateral Pressure
psi (kPa)
5.5 (38)
6.5 (45)
4.8 (33)
6.5 (45)
6.1 (42)
6.3 (43)
6.5 (45)
Not tested
4.8 (33)
6.5 (45)
4.5 (31)
4.5 (31)

St. Dev.
0
0
0.58 (4)
0
0.55 (3.8)
0
0
0.58 (4)
0
0
0

Tension
in. (mm)
0.91 (23)
0.89 (23)
0.36 (9)
0.83 (21)
0.36 (9)
0.7 (18)
0.75 (19)
0.66 (17)
0.36 (9.1)
0.83 (21)
0.32 (8)
0.33 (8)

St. Dev.
0.13 (3)
0.09 (2)
0.05 (1)
0.23 (3)
0.02 (0.5)
0.28 (7)
0.22 (6)
0.3 (8)
0.05 (1)
0.23 (6)
0.15 (4)
0.05 (1)

Tension/Lateral
Pressure*
psi (kPa) St. Dev.
6.5 (45)
3.5 (24)

0
0

6.5 (45)
6.5 (45)
6.5 (45)

0
0
0

3.5 (24)

0

3.5 (24)

1 (7)

*The maximum pressure investigated in the lateral pressure test is 6.5 psi (45 kPa). If the specimen exceeded this
capacity then the result was reported as 6.5 psi (45 kPa).
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4.2.4

Discussion

Not all combinations of foam and adhesive were investigated for this testing. From
preliminary testing, adhesive A appeared the most practical due to constructability and economy.
For these reasons each of the foams were evaluated with this adhesive. In order to make a
comparison between adhesives, foam 2 was investigated with both adhesives A and B to
investigate the impact on the physical properties of the specimen. Adhesive B had very similar
properties after the first day of curing to adhesive A; however, after the second day of curing
adhesive A showed improved performance in the lateral pressure and tension test.
From Table 4.5 it can be seen that the minimum lateral pressure resistance for the foams was
4.5 psi (31 kPa) after one day of curing for all of the adhesives investigated. This would mean
that the system could roughly resist 4.5 ft. (1.4 m) of head pressure from a concrete or grout pour
(assuming that the unit weight of the concrete/grout was 144 pcf [2307 kg/cubic meter]). While
this number is likely sufficient, in all cases where adhesive A was used the lateral pressure was at
or exceeded 6.5 psi (45 kPa) or 6.5 ft. (2 m) of concrete/grout head pressure. This implies that
adhesive A will be satisfactory for this application.
One parameter that is not quantified in the data in Table 4.5 but is implied in Table 4.4 is the
compressive stiffness of the foam. This parameter is important for the use of these foams, as the
foam needs to deflect under the weight of the precast overhang panels as needed. Foam 1 has the
lowest compressive stiffness of the foams tested, so it would provide the most flexibility during
construction.
Another parameter that is not considered in the data presented is the aesthetics of the foam,
as it will be left in place in a visible location at the edge of the bridge. The foam manufacturer
creates foam in a distinctive color so that the properties are represented by the color of the foam.
The typical color for foam 1 is a gray that is similar to concrete.
For these reasons it is recommended to use a combination of foam 1 and adhesive A for
future projects implementing the precast overhang system. A brief summary of the
recommended construction methods are as follows:
•
•
•

The surface of the precast beam where the foam is to be placed should be
thoroughly covered in adhesive.
The foam should be cut to height that is approximately 1 in. (25 mm) higher than
the desired haunch.
The foam should then be placed on the adhesive and held in place.
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Before the precast overhang panel is placed, the top of the foam should be
thoroughly covered in adhesive.
The grade bolts in the precast panels should be adjusted to provide a haunch depth
that closely matches that required for the bridge deck.
The panel should be placed and then allowed to cure for a day before adjusting.
After the glue has cured, the height of the panel can still be lowered but should not
be raised more than 0.25 in. (6 mm).

•
•
•

4.2.5

Summary for Haunch Form Materials

When foam 1 and adhesive A are used in combination the forming system used can be left in
place, will provide sufficient lateral strength against gravity-fed concrete or grout placements,
and does not provide an aesthetic issue in the final bridge. By implementing this system it
minimizes the work needed under a bridge deck with precast overhang panel construction and
possibly other precast bridge construction. This leads to an improvement in not only the
constructability and economy but also the safety of the precast overhang or any other precast
bridge deck system that requires an adjustable haunch.
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CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS
The research performed in this project evaluated the overhang and shear capacity of a
precast, prestressed full-depth bridge overhang system for possible use in the Rock Creek Bridge
in Parker County, Texas. Research was also conducted to evaluate grout materials and haunchforming materials for the bridge. The findings of the research team are as follows:
•

SikaGroutTM 212 exhibits good early strength and adequate flow characteristics to fill
the haunch when using a w/p of less than 0.20. Bleeding is low when the w/p is
0.185 or lower.

•

A combination of a flexible polyethylene foam and an adhesive can be used to
produce an adjustable haunch form that is able to resist the lateral pressure from the
gravity-fed concrete and grout used to construct the precast overhang system.

•

In the present research four overhangs were tested: two overhangs were based on a
proposed new, full-depth, precast system where the panels were manufactured in a
precasting plant with a two-stage pour. Performance of these two overhang
specimens was compared with a specimen that had standard CIP construction.

•

The concept of using conventional precast, prestressed panels to construct an
overhang was verified. Current TxDOT bridge capacities have sufficient reserve
strength over the required AASHTO loads. The full-depth precast panels also
showed sufficient strength in both interior bays and overhangs.

•

The stiffness of the full-depth precast, prestressed panels was comparable to the
conventional CIP deck. Overhang failure loads were made critical by loading at the
edge of the panel and seam joint. It is evident that the introduction of the seam
decreases the overall strength, but only the bottom longitudinal steel is discontinuous.
Nevertheless, some positive (and negative) moment strength is still provided due to
the CIP panel-to-panel joint that has a single layer of link bars. Although this is
weaker than the full-depth overhang, overall the reduction of load carrying capacity is
only in the order of 14 percent. It should be noted that the overhang systems
evaluated in this research did not contain barriers.

•

A sufficient factor of safety was provided against the design wheel load of 16 kips
(71 kN) for all 3-ft. (0.9 m) overhangs tested on this project.
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•

•

•

•

The interface shear capacity of the existing R-bar system used in present practice is
sound. From the tests the inferred coefficient of interface friction between cracked
concrete-concrete interfaces that exist within the haunch of a prestressed concrete
slab-on-girder bridge is at least 1.0.
The apparent coefficient of sliding friction in the cracked grout-bed that exists
between the precast concrete slab and concrete girder, based on the present test data,
has a dependable coefficient of friction of 0.4. This result is lower than expected and
is believed to be attributed to the relatively smooth shear interface between the soffit
of the precast panels and the grout in the haunch.
Based on two threaded-rods per pocket, as tested, the interface shear system to
connect precast concrete slabs to concrete girders via a grout bed, as proposed by
TxDOT engineers in collaboration with the research team, does not have sufficient
capacity as expected by the initial design.
The relatively low resistance provided by the interface shear using the haunch can be
improved by using more pockets and fasteners.

Based on these findings, the following recommendations are made:
• SikaGroutTM 212 should be used for the haunch on the Rock Creek Bridge.
• Class S deck concrete should be used to fill the pockets on the Rock Creek Bridge.
• Use low density gray Polyethylene 1.0# density from Pregis and 3M Scotch Grip
4693 adhesive for the haunch forms
• The panels initially designed for the project require modification. The three panels
closest to the ends of the bridge should contain 7 pockets and at least 2 connectors per
pocket. The other panels should contain 4 pockets with at least 2 connectors per
pocket. Drawings are provided in the appendix.
• The capacity of the precast, prestressed overhang system tested exhibits sufficient
capacity to safely carry AASHTO loads.
It should be noted that the overhang system has significant potential to increase economy and
safety of bridge construction in Texas. Additional research is needed to optimize the design and
construction. The research team makes the following recommendations:
• Surface roughness. Concrete codes typically recommend roughening of interfaces to
improve the friction coefficient for sliding interface shear. For example, if the
surface is intentionally roughened, providing an amplitude of more than 0.2 in. (5
mm), a friction coefficient of 1.4 can be assumed, by design. Lesser values are
recommended for smoother surfaces, such as 1.0 and 0.7 for a roughness amplitude of
> 0.08 in. (2 mm) and laitance-free non-roughened surfaces, respectively. Several
tests need to be conducted to explore the optimal trade-off between constructability
and surface roughness.
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•

•

•

Optimization of the pocket details. Continue to use additional pockets, but instead of
using expensive threaded fasteners, use conventional extended R-bars into the pocket
zone. Only two, or at most three, #5 R-bars may be necessary for the most adverse
cases. Several tests need to be conducted to investigate the efficacy of R-bars in
multiple pockets. If seven pockets per panel are used, then there is little need for
expensive and relatively difficult-to-place grout. Instead, conventional concrete with
6-in. (150 mm) slump and a maximum aggregate size of .375 in. (10 mm) may be
sufficient. This class of concrete is commonly used for filling concrete block
masonry. It is likely that such a material will have rougher cracked interface surfaces,
possibly leading to a higher coefficient of sliding friction.
Grouping effects of connectors. The summary of these results included tests for only
2 connectors within a pocket; however, it is known that there can be grouping effects,
especially when having more connectors in a pocket. While this would increase the
shear resistance capacity, additional shear reinforcement provided by R-bars may also
be needed.
Effect of haunch height. Longer beams with sufficient capacity provided by hoops
are needed to test additional specimens to assess the effect of a variable haunch height
such that beam failure does not prematurely occur as a result of distressing the beam.
More data can be obtained to make more conclusive remarks on the effect of the
haunch height on the deck-haunch-beam system.
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