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Many existing reinforced concrete moment-resisting frames located in seismic
zones lack strength and ductility. One approach for correcting these deficiencies is
the construction of infill walls to strengthen and stiffen the structure. Cast-in-place
construction is often used; however, there are conditions where cost, time constraints,
or limiting disruptions to building operations may dictate other solutions. One
possible modification is the use of infill walls constructed of precast concrete panels.

A precast infill wall system eliminates the need for large formwork during
construction. Elimination or reduction of connection hardware between precast
panels or between panels and the existing frame element can provide additional
efficiency. Problems associated with casting large quantities of concrete in an
existing building are eliminated. Construction time and inconvenience to occupants
may be reduced along with the costs.

Three phases of experimental research were conducted. The first phase was
investigation of the precast panel-to-panel connection. In the second phase, the
precast panel to existing-frame connection was studied. In both phases, direct cyclic
shear tests were conducted to determine minimum details for satisfactory connection
performance. The third phase consisted of testing a large-scale model specimen. The

test specimen, a two-story nonductile frame infilled with precast panels was used to

vii



evaluate the overall system behavior, verify performance of connection details, and
investigate the performance of post-tensioning used to provide column tensile
capacity at the boundary elements of the Wall.

Design and detailing guidelines were developed to enable designers to use the
precast infill wall system as an alternative to cast-in-place construction. The precast
system has the potential of reducing the overall costs of rehabilitating existing

structures.
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CHAPTER 1
INTRODUCTION

1.1 Earthquake Resistant Design

Earthquakes are caused by a rupture in the earth’s crust. The initial rupture
and propagation of the rupture cause ground vibrations that propagate from the source
as seismic waves. These waves carry energy at different frequencies and can be
modified as they propagate due to distance and soil effects. For a specific earthquake,
structure location, and soil condition; the frequency content of the ground motion
varies. As shown in Figure 1.1, ground motion amplification can occur when the
frequency content of the ground motion matches the vibration characteristics of the
structure. The maximum amplification (a,,) results when the fundamental period of
the structure (T,) is the same as thé: peak period of the ground acceleration.

The ground accelerations induce displacements to the structure. Earthquakes,
therefore, do not directly apply forces as is normally considered in design for loads
such as gravity and pressure.

Rather, the forces are set-up or

Aax

induced by the displacements.
Shape of curve is

It can conveniently be viewed / carthquake and site specific

that an earthquake applies a

Acceleration, a

displacement Agg to a structure.

As shown in Figure 1.2, if the

structure responds elastically, a Period of Structure, T

lateral force resistance F; is

. .. ) Figure 1.1: Ground Motion Amplification
required. If ductility is



provided, however, the structure can
reach the same displacement with a
lower lateral force level.  For
example, if a ductility of four (u =
4) is provided, the force resistance

can be reduced by a factor of four.

Lateral Force Resistance

Assuming equivalent displacements

is often termed the equal
displacement principle which is
approximately correct for structures
with periods longer than T, on the

branch of the
[32]

descending

amplification curve.

4 Agq
Lateral Displacement

Figure 1.2: Structural Response

Overall structural ductility is provided by allowing a stable mechanism to

form within the structure. Figure 1.3 shows the philosophy known as strong column -

weak beam hinging (Mechanism 1) which is generally followed in earthquake design.

The beams and column bases are
allowed to hinge to provide for large
lateral deformations while the gravity
load capacity is maintained. If,
however, the columns are allowed to
hinge before beam hinging occurs
(Mechanism 2), a loss of gravity load
capacity can occur with a collapse of a
single story at the hinging locations.
This undesirable hinging mechanism is

known as a strong beam - weak column

/7 7

Mechanism 2:
Strong Beam - Weak Column

Mechanism 1:
Strong Column - Weak Beam

Figure 1.3: Hinging Mechanisms



system. It can also be seen by comparing the two mechanisms that for the same
lateral displacement A, Mechanism 2 requires extremely large deformations and
localized rotations to occur at the first story. Mechanism 1 spreads rotations and
deformations across the entire structure to reduce the ductility demand on individual

members.

1.2 Nonductile Reinforced Concrete Moment Frames

Many reinforced concrete moment resisting frame buildings in seismic zones
lack strength and ductility. A large number of these buildings were designed and
constructed during the 1950°s and 60’s and do not possess the deformation capacity
required for the level of lateral strength provided. The codes at the time recognized

earthquake loads as mentioned in ACI 31 8-56" and ACI 318-63.7

(a) The resiéting elements in structures required to resist wind and earthquake forces
shall be limited to the integral structural parts.

(b) The moments, shears, and direct stresses resulting from wind or earthquake
forces determined in accordance with recognized methods shall be added to
the maximum stresses which exist at any section for dead and live loads.

(c) Members subject to stresses produced by wind or earthquake forces combined
with other loads may be proportioned for unit stresses 33 1/3 percent
greater than those specified ..., provided that the section thus required is not

less than that required for the combination of dead and live load.

According to the recognized methods of the day, the lateral forces prescribed
were much lower than that required for elastic behavior. Therefore, ductility must be
present in the structure to sustain the imposed deformation. The building codes,
however, did not specify detailing requirements to achieve inelastic deformation

capacity and structural toughness under significant cyclic lateral deformations.



1.2.1 Nonductile Features

The principal deficiency in concrete moment frames is inadequate flexural
ductility or shear capacity in beams or columns and lack of confinement, frequently in
the joints.[ls] In addition, since structures were primarily designed for gravity loads,
compression lap splices were typically used. Typical nonductile features (weak links)
are summarized below. FEMA-178!° provides a method for evaluating existing

buildings and identifying those that are likely to be seismically hazardous.

Béams and Columns:
e Inadequate flexural capacity
e Inadequate shear capacity
e Lack of confinement

e Lack of column tension lap splices

Beam-Column Joints:
e Lack of confinement
e Inadequate joint shear capacity

e Strong Beam-Weak Column

1.2.2 Typical Building

A typical reinforced concrete moment-resisting frame (RCMRF) building
from the 1950’s and 60’s is presented in Figure 1.4. The gravity load system
consisted of a one-way slab supported by a beam and girder system. There is a large
inventory of this type of structure, particularly in the two to five story range as shown
in the elevation view. Typical design loads for these structures are presented in Table

1.1.



Table 1.1: Typical Design Loads

Dead Load Live Load
Partitions 20 psf | Apartment/
Ceiling/Finish 10 psf | Office 50 psf
Services 5 psf
Misc. 7 psf
| 18”x18” Column
l 16”x24” Girder /
A
Compression Lap
A\/ Splice
g2 £ A >
50 % oo (o]
.-:‘;é 2 :;4‘ -A,
& [a & 6” Anchorage :
+A,
16”x24” Girder y \
No Ties in Beam
- . Joint Region
10 e 100 Jo =3k Column
! £, =40ksi
< 20° -
] . Typical Beam-Column Joint Detail
Typical Interior Plan
8
,“
®
Tz @12 =24 n
2 Story Building 5 Story Building

Elevation

View

Figure 1.4: Typical 1950's and 60's RCMRF Building



1.3 Current Techniques for Seismic Strengthening

Structures can be rehabilitated by increasing the displacement capacity of the
structure to meet the demands imposed by an earthquake Agg. As an example, a
building may possess a lateral resistance F, and a ductility level of two (u=2) which
provides a displacement capacity of A; as shown in Figure 1.2. The building may be
strengthened by increasing the lateral force resistance to F, (assuming the ductility
remains constant), by increasing the ductility to a level of four (u=4), or by a
combination of the two. In other words, the building can be rehabilitated by
increasing the strength, ductility, or a combination of the two.

Structures can also be rehabilitated by reducing the demands imposed by an
earthquake. The structure’s period can be modified by making the structure more stiff
or more flexible to change the ground acceleration amplification as shown in Figure
1.1. For example, for a structure with a period T2, a shift to T1 or T3 will decrease
the acceleration amplification. Depending on the period of the structure and the
period shift, it is possible that the displacements may decrease or increase which can
be determined from the displacement spectrum for the specific case investigated.
There are many locations where ground motion characteristics require a change in the
dynamic response of the structure to meet the performance requirements established
for the structure. Generally, this can be done by changing the stiffness of the lateral
load resisting system.

The effect of the rehabilitation scheme on the strength, ductility, and period
must be considered together since modification of one can effect the others. The goal
of the design or rehabilitation scheme is to provide for displacement capacity of the
structure greater than the displacement demands of the earthquake.

A state-of-the-art report on seismic rehabilitation of existing structures is

provided in the NEHRP Handbook for Seismic Rehabilitation of Existing



Buildings.[lsl The following three techniques are listed for rehabilitating reinforced

concrete moment frame buildings.

1. Increasing the ductility and capacity by jacketing the beam and column
Joints or increasing the beam or column capacities. (Jacketing)

2. Reducing the seismic stresses in the existing frames by providing
supplemental vertical-resisting elements. (Steel Bracing)

3. Changing the system to a shear wall system by infilling the reinforced
concrete frames with reinforced concrete. (Infill Wall)

These common strengthening techniques are briefly discussed below.

1.3.1 Jacketing

Jacketing is used to modify the existing structure by encasing it with new
reinforced concrete or steel. Strength can be increased by additional reinforcement
while ductility can be improved by confinement provided by the jacket. In general,
the period of the structure is not significantly altered. Figure 1.5 shows typical details
of jacketing applied to an existing structure while Figure 1.6 shows typical beam and
column jacketing construction performed during research conducted at the University
of Texas at Austin.

Typically, most or all of the members must be strengthened to provide
adequate ductility and strength to the frame system. Construction work, therefore,
must be performed throughout the entire structure reqﬁiring relocation of building
operations during construction. Additionally, “jacketing typically is not cost-effective
because of the difficulty associated with providing the necessary confinement and

. . . 15
shear reinforcement in the beams, columns, and beam-column connection zones.” !



New Reinforcement

and Concrete \

Existing Beam

New Reinforcement

Figure 1.5(a): Beam Jacketing'™'

Reinforcement

Ties

.-
.
.\

™~ New Concrete

Existing Beam
Existing Column - :

Figure 1.5(b): Column and Joint Jacketinglls]



Figure 1.6: Beam and Column
Jacketing Construction

1.3.2 Steel Bracing

Steel braces can be attached to the frame of an existing structure. The braces
stiffen the structure to reduce the displacement demands of the existing moment
frame while also reducing the period of the structure. An example of steel bracing
used in a rehabilitation scheme is shown in Figure 1.7.

To provide adequate stiffness to limit deformations, it is typical for multiple
frames throughout the 'building to require bracing. Therefore, bracing inside the
building may not be feasible due to braces impeding access and functional circulation
within the building. Additionally, connection of the braces to the existing frame is

often difficult.
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Figure 1.7: Steel Bracing

The building presented in Figure 1.7 is a good example of effective
rehabilitation by bracing. The braces were attached to the exterior of the building to
reduce inconvenience to occupants both during and after construction. Relatively
easy attachment of the braces to the building frame was possible since the columns
protrude from the face of the curtain wall. It should be noted, however, that the
rehabilitation work altered the exterior appearance of the building. Therefore, this
technique may not be feasible where architectural considerations control such as in
historical rehabilitation or other projects where the appearance of the structure cannot

be altered.

1.3.3 Infill Wall

The building frame can be infilled with a concrete wall to change the lateral

load system to a shear wall (Figure 1.8). The addition of infills can dramatically
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increase both the lateral strength and stiffness of the structure in addition to changing
its dynamic response. Due to the high stiffness of the wall, the moment frames do not
contribute to the lateral force resistance. Therefore, the weak links and problems
exhibited in the existing structure are eliminated provided that the deformations are

within the range which will not severely damage the existing columns, beams, or

joints.
/ Existing frame
¥ Dowels, epoxy grouted |
into drilled holes
T I T TR AT AT T
é/// ; n f [ [
o §ok 4 o o8 b g
222 ==
L .. _L— New reinforced
Reinforcement =1 concrete shear wall
\ e L el
f v =]
7 AL LY, SIS
z T — —
=== =
\ L T Sasmmmad —— 3 B
._ln..'_.ﬁ'!.\::-, e/
= === . . ==
“HIEN=0E New footing tiedto  1/E || =

I

I
I

existing footings

Figure 1.8: Infill Wall

Infill walls, however, subject the existing structure to various forces for which
it was not designed. The performance of the infill wall depends on the existing
columns to serve as boundary elements which carry large tension and compression

forces. In many structures, as previously mentioned, the columns have been designed
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for gravity loads and do not have sufficient tensile capacity to act as a boundary
element for the new structural wall. Typically, tensile capacity is provided by
jacketing or adding vertical reinforcement in the infill which is made continuous
through the floors near the column. Additionally, the diaphragms must be capable of
transferring the forces to the infill wall.

Infill walls can be costly if the foundation requires upgrading. Additionally,
connections to the existing frame with interface dowels may be expensive and time
consuming. Finally, the infill wall can also obstruct the functional use of the building
by impeding access and functional circulation. However, due to the high stiffness of
an infill wall, only a limited number of walls are typically required in a structure.
Therefore, it is possible to locate walls to minimize disruption both during and after

construction.

1.4 Need for Economic Rehabilitation Scheme

The techniques discussed have proven to be constructible, to be economically
feasible for many structures, and are backed by some experimental data and field
experience. However, the cost of such rehabilitation projects remains an obstacle for
many owners. The costs may involve not only the actual construction, but the
expenses associated with relocation of operations and loss of rental revenue or
production during the period of construction.

Therefore, it is desirable to develop a rehabilitation scheme that will not only
correct the “weak links” in a nonductile frame system, but will simplify the
construction process; reduce the time, cost, and inconvenience of construction; and
reduce the obstruction to functional use of the structure both during and after
construction. The infill wall system meets many of the general objectives desired.

However, as mentioned, there are several aspects that make the method inconvenient,
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costly, and time consuming. The following objectives were identified to make the

infill wall system a more economically viable rehabilitation solution.

1. Eliminate interface dowels.

2. Eliminate extensive concrete formwork

3. Eliminate movement and placement of large volumes of fresh
concrete.

4. Increase column tensile capacity without column jacketing.

1.5 Precast Infill Wall

A precast panel system has been developed that will enable the panels to be
assembled into an infill wall taking advantage of the infill wall system while
achieving the objectives presented above. A precast system can be constructed
rapidly without the need for extensive formwork and the relatively cumbersome and
sometime difficult procedures associated with moving and placing large quantities of
fresh concrete within an existing building. The precast panels can be brought into an
existing structure through the use of elevators and light forklifts. The panels have
shear keys along the sides to allow for force transfer and are connected to one another
through the use of a reinforced grout strip. Panels are connected to the existing frame
through the use of steel pipes (shear lugs) that eliminate the need for interface dowels.
The existing structure is cored in selected locations to allow for insertion of pipes and
continuity of the wall vertical reinforcement. A schematic of the proposed wall
system is presented in Figure 1.9.

Out-of-plane resistance of the wall system is achieved through the
combination of continuous vertical reinforcement in the grout strips, shear resistance

of the steel pipes, and the constraint provided by the boundary elements that provides






capacity without using conventional Jjacketing.
The post-tensioning system is illustrated in
Figure 1.11.

From a study conducted by structural
consulting engineers, the precast infill wall
system was found to be most valuable for the
rehabilitation of structures in the 2 to 5 story
range. In addition, an analysis of typical floor
slabs indicated that the maximum panel weight
should be limited to 2,000 pounds. This
conclusion was based on the capacity of the
slab to support the panel and a light
forklift/Bobcat (753 Series Bobcat (4730

pounds) was investigated). The limit of 2000
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Figure 1.10: Out-of-Plane
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Figure 1.11: Post-Tensioning System
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pounds was also consistent with typical elevator capacities. Furthermore, the study
based on the typical frame previously presented indicated that multiple infill walls
located throughout the structure could permit optimization of the system. Using the
1991 UBCP” with a seismic zone factor of 0.4, the base shears listed in Table 1.2
were computed along with the corresponding wall tributary area if uplift is prevented
at the base for seismic loads. Since the base shears are approximately the same for
the different height buildings, the precast wall system could be standardized using the
maximum design force (123 kips). The size of the building and the number of stories
would then determine the number of walls required. Standardization of precast wall

panels may provide for an economic advantage in the precast system.

Table 1.2: Design Requirements for Infill Wall System

Stories | Wall Tributary Area | Base Shear
(ft’) (kips)
2 2900 108
3 2100 116
4 1600 120
5 1300 123

1.6 Objective and Scope

The objective of this research was to develop minimum design and detailing
requirements for the precast infill wall system. Current building codes do not provide
guidance in designing rehabilitation systems such as that proposed; therefore, three
phases of research were conducted to provide basic knowledge and understanding of
the system. In the first phase, the connection of adjacent precast panels was
investigated. In the second phase, connection of precast panels to the existing frame
was studied. The final phase consisted of testing a large-scale, two-story model

specimen infilled with the precast wall system to verify the performance of
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connection details, investigate the post-tensioning system, and determine the overall
system behavior.



CHAPTER 2
PANEL TO PANEL CONNECTION

2.1 Introduction

Fourteen tests were conducted to evaluate the connection between adjacent.
precast panels. The connections investigated were typical of interior connections
made within the precast wall system. A representative detail of the panel connection

is shown in Figure 2.1.

2.2 Specimen Design

The test specimens were

: , [ L |
designed to be representative of a D
full scale cut-out-detail of the panel :l D%f\
connection illustrated previously in [ 1 [} e
Figure 2.1. The overall size of the S
specimen was determined based on j P
the constraints of an interface shear :

loading system available at the Phil

M. Ferguson Structural Engineering

Laboratory. The direct interface . .
vy e Figure 2.1: Panel Connection Test

shear test does not simulate actual Component

forces experienced on the joint within a shear wall. The shear test, however, does

permit relative comparison of test variables involved in the connection design in

addition to providing force resistance values that can be easily implemented for

design purposes.
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2.2.1 Panel Surface Preparation

In keeping with the objectives of the research, the edges of the panel were
designed to promote ease of fabrication and construction while providing an adequate
force transfer mechanism. Shear keys were determined to be needed along the

perimeter of the panel. A literature review of shear key technology™>>*”

provided
the necessary background for design of the shear key geometry. The general key
geometry shown in Figure 2.2 provides for force transfer around the perimeter of the

panels. This shape was chosen to prevent

crushing of the key edges exhibited by
elongated keys and to prevent dislocation "\‘63-40

or overriding as would be expected with

. 0.5” 1.5 0.5"
the edge of the key inclined less than 45 P 95 .

degrees. The key shape selected allows

for complete shearing along the base of the Figure 2.2: Shear Key Geometry
key.

2.2.2 Panel Reinforcement

The panels were detailed with two layers of 4x4 - W2.9xW2.9 welded wire
fabric. The level of reinforcement provided was consistent with the minimum
reinforcement requirements of Chapter 21 of the current ACI-318-898! code (py =
0.0025 along the longitudinal and vertical axes). A cover of 3/4 in. was provided. It
should be noted that the shear keys were not reinforced and no reinforcement
protruded from the panel. As indicated previously, direct continuity of panel
reinforcement was eliminated to reduce construction and fabrication problems and to

accelerate on-site erection.
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2.2.3 Closure Strip

The panels were connected to one another through the use of a closure strip
which allowed for tolerances in both the existing and new construction In addition, it
allowed for easy placement of the panels. Horizontal and vertical steel was placed in
the joint to connect the panels and allow for force transfer through the grouted joint.
For all tests conducted, the horizontal strips were reinforced with two #3 bars which
meet minimum requirements for temperature and shrinkage. The horizontal and
vertical strip steel was mechanically anchored through the use of steel plates welded
to the ends of the bars. After the steel was placed, the joint was grouted. Details of

the test specimen are shown in Figure 2.3.

Precast Panel 147
\ y

Vertical Steel ? Vertical Steel
243 Varies F- Varies
1/47 1 i
\b 2”- Series 1
. N 47 -Series I
\O
5 N )
Grout Strip e [~ 2 #3
¢ || — 1/4°R
. 42" . ‘4&» * 3/4” Cover

Figure 2.3: Panel Connection Specimen Details
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2.2.4 Test Variables

A description of the test variables studied in this phase of the research is
presented below. All specimens were identified by the description label PC (Panel
Connection) followed by the specimen number. A summary of the specimen
variables is presented in Table 2.1. Tests were divided into four series in which the

primary objective of each was as follows:

Series | Objective

[-PC | Shear Key Configuration

II-PC | Grout Strip Reinforcement, Grout Strength, Shear Key Size

TI-PC | Grout Strip Reinforcement, Shear Key Size
IV-PC | Panel Thickness

Shear Key Configuration: The alignment of the shear keys with respect to one

another was investigated. Two configurations were studied which represent the limits

of alignment between panels. The limits were labeled aligned and staggered as shown

in Figure 2.4.
N S S N/ S S
Spacing \
N L N/ S —

Aligned Staggered

Figure 2.4: Shear Key Alignment

In addition, the spacing of the keys was also investigated. Two configurations
were studied: a full spacing (1.0 spacing) with the length of the valley the

samedimension as the peak, and a space and a half separation (1.5 spacing) with the
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valley one and one-half times the peak length. The spacing configurations are shown

in Figure 2.5.
° S . v - o e ms * - - .

1.0 Spacing 1.5 Spacing

Figure 2.5: Shear Key Spacing

Shear Key Size: The key size as related to depth of the key was investigated.
The overall geometry of the key, however, was maintained. The key size was studied
to allow more fabricator freedom in constructing the formwork. As an example, the
use of standard size lumber to construct the key void forms may reduce precasting
costs. The depths chosen for the keys were the same as the thickness of readily

available construction lumber. The key sizes used are shown in Figure 2.6.

A )
. Large Key —
Normal Key - )
v v

l 1.5" 0.5" - 0.75" | 225" o] 0757
P 2.5" o l

0.5

vy

I

Figure 2.6: Shear Key Size

Panel Spacing: The effect of the separation between adjacent panels was

investigated using 2 and 4 in. clear spacings.
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Vertical Steel: The amount of vertical steel in the closure strip was
investigated . A full range of reinforcing ratios was studied, from lightly reinforced
(2 #3) to heavily reinforced (6 #5). The large range of bar sizes was chosen to

evaluate the likely extremes of specimen behavior.

Grout Strength: The concrete strength of the precast panels (,) relative to the
closure strip grout (f;) was investigated. The strength of the precast panels remained
constant throughout all specimens but the closure strip concrete was varied. Two
extremes were studied; a grout strength that was lower (Low) and one that was higher

than the precast panels (High).

Panel Thickness: The effect of thickness of the precast wall panels was

investigated using 4 and 6 in. thick panels. The 6 in. panel represented a typical full
scale wall installation; however, it is likely for varying wall thicknesses to be utilized

in different rehabilitation projects.

2.3 Specimen Construction

The test specimens were constructed during four different casting operations.
All specimens were not constructed at the same time in order to limit the number of
tests to be performed at a given age and strength of concrete. Each series of tests
were constructed and tested to assess specific variables that would provide
information to assist in the dévelopment of design recommendations for the panel

connection.
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2.3.1 Precast Panel Construction

The wall panels were constructed in a flat precasting bed shown in Figure 2.7.
The shear keys were fabricated from readily-available lumber. The normal (1 in.
depth) keys were cut from 1-1/4 in. radius edge decking that has a dressed dimension
of 1 in. The large (1-1/2 in. depth) keys were cut from 2 in. lumber that has a dressed
dimension of 1-1/2 in. Shear
keys were secured to the
formwork with screws.

The panels were cast
and cured for seven days using
wet  burlap. Companion
concrete cylinders were cast

and cured in the same manner

for strength testing. The panels

were removed from the casting

Figure 2.7: Precast Panel Construction

bed and temporarily stored.

2.3.2 Wall Construction

The panels were assembled in an upright position as shown in Figure 2.8
simulating the actual wall assembly in a building frame. Reinforcing steel was placed
through the joint. Plywood forms cut slightly larger than the joint width were placed
along the joints and secured with all-thread. Nuts attached to the rods were tightened
to ensure proper alignment of the panels. Clamping of the formwork through the joint
also prevented the formwork from bowing during grouting operations. The vertical
grout strips were enclosed from both sides while the horizontal strips were
constructed using several techniques discussed below. The vertical strips were

grouted by placing concrete into the joint at the top of the specimen, and
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consolidation was achieved by direct insertion of a vibrator into the grout strip from

the top of the specimen.

Figure 2.8: Wall Construction

2.3.2.1 Trough Method

The horizontal strip was formed and constructed using a plywood trough. The
trough was provided along the length of the joint to allow for proper vibration of the
joint. The trough allowed for easy vibrator access and visual inspection of the
procedure. The main disadvantage, however, was that a substantial amount of
concrete was wasted. Additionally, the method was fairly labor intensive since the
surface of the wall at the location required finishing and the waste concrete remaining
in the trough required early removal and disposal. The trough method is shown in

Figure 2.9.
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Figure 2.9: Trough Method

2.3.2.2 Access Hole Method

The main objective of the access hole method was to eliminate the finishing

and removal of waste concrete as
required by the trough method. Both
horizontal and vertical grout strips were
closed with formwork. Vibration was
achieved through the use of small holes
drilled into the formwork at select
locations along the horizontal grout
strip. The holes could be opened or
closed through the use of a small wood
block attached with a nail hinge. This

method is shown in Figure 2.10.

Figure 2.10: Access Hole Method
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Method 1: The hole was maintained larger than the vibrator head to
permit easy vibrator insertion, to eliminate clogging of the hole with
aggregate, and to allow for angling of the vibrator to spread the area of
vibrator influence. This method proved to work well in terms of good
consolidation of the horizontal joint; however, backflow of the concrete
occurred in the space not filled by the vibrator head. This method, therefore,
wasted concrete and required the placement of more concrete than necessary.
Additionally, there was a potential problem for voids at the top of the keys

since material was being removed while backflow occurred.

Method 2: The hole was maintained approximately the size of the
vibrator head to permit insertion of the head with a minimum of void space
remaining around the head. Since only a small clearance was present upon
insertion of the vibrator head, grout material did not backflow. This method
also worked well with regard to good consolidation of grout material.

A few comments should be made, however. A small tool such as a
slump cone rod or reinforcing bar should be inserted into the access hole to
remove any coarse aggregate that may be clogging the hole to allow for easy
vibrator insertion. Additionally, the vibrator should be removed slowly to

permit grout to refill the void space left upon removal of the vibrator head.

2.4 Construction Materials

2.4.1 Precast Panel Concrete

The precast panels were constructed using a nominal 4000 psi concrete. A 3/8

in. gravel was used to promote good concreting in the shear key region. The mix
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proportions are shown in Table 2.2. The exact proportions delivered varied slightly
and were adjusted for moisture conditions of the aggregates. The mixes were
adjusted at the jobsite to maintain a 6 in. slump. All panel concrete mixes were
designated by the description label P (Panel) followed by the mix number. Strength

gain curves are presented in Figure 2.11.

Table 2.2: Precast Panel Mix Design

Material P-1 through P-4
Cement (Type I) 470 pcy
3/8” Coarse Aggregate (SSD") 1625 pey
Fine Aggregate (SSD") 1655 pey
Water 250 pcy
Admixture” 20 ozcy

! Saturated Surface Dry

2 For high temperature months (May-September), an admixture meeting ASTM C49%4
requirements for Type B retarding and for Type D water-reducing and retarding was
used. During cooler months (November to April), an admixture meeting ASTM
C494 for Type A water-reducing admixtures was used. The quantities of admixture
used, however, remained constant throughout the year.

6000
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3000 T

2000 t

Compressive Strength (psi)

1000 T

t ¥ + + t ¥
4] 20 40 60 80 100 120 140 160 180 200

Concrete Age (days)

Figure 2.11: Precast Panel Concrete Strength Gain
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2.4.2 Panel Grout

The cost of the material used to construct the closure strip was considered to
be one of the overriding factors. Therefore, prepackaged grout materials as well as
non-shrink admixtures would be unacceptable due to their costs. A normal grout
using Portland Cement was considered ideal. To restrain shrinkage, however, it was
deemed necessary to use a small coarse aggregate (3/8 in.) to provide dimensional
stability to the mix in addition to providing better shear strength characteristics. The
concrete used to fill the closure strip was referred to as grout. The word grout was
used to differentiate between the panel concrete and was not used to indicate the
absence of coarse aggregate. Several different grout mixes were used in the course of -
the research.

The first series of specimens were cast using a standard 5000 psi concrete with
3/8 in. aggregate obtained from a ready mix supplier. The mix was adjusted at the
jobsite to obtain a 4 in. slump. A high range, water-reducing admixture
(superplasticizer) meeting ASTM C494 requirements for Type A and Type F
admixtures was added to adjust the slump to 8-10 in. prior to casting.

During casting, it was observed that the mixture was too rocky making it
difficult to consolidate. In addition, the concrete did not flow well and clogging
occurred. The concrete, ultimately, was properly placed and finished, however,
increased work was required for good consolidation. Additionally, pumping of the
concrete would not have been possible.

To increase the workability of the mix, several mix designs were developed
and tested. The goal was to achieve a workable, pumpable mix that would not
segregate. Suitable mixes were developed for both a low strength (2500 psi) and a
medium strength (6000 psi) concrete. These mix designs were subsequently used in
the connection tests. The medium strength mixes were obtained from a ready mix

supplier and adjusted at the jobsite to obtain a 4 in. slump. Subsequently,
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superplasticizer was added to obtain an 8-10 in. slump prior to casting. The low
strength concrete, however, was mixed at the laboratory since only a small quantity
was required. A 9 in. slump was obtained using water; no superplasticizer was added.
Both mix designs provided a workable and flowable mix which required only
minimum effort to place.

The grout mixtures were designated by the description label PG (Panel Grout)
followed by the specimen series number. The low strength grout was labeled PLG
(Panel Low Grout) followed by the specimen series number. The mix proportions are
presented in Table 2.3 while strength gain curves are presented in Figure 2.12.

It should be noted that PG-3 used the original mix design as cast in the first
series. This mix was used for availability reasons. Use was justified since the

concrete performs structurally as well as the modified mix, provided it is properly

consolidated.
Table 2.3: Panel Grout Mix Design
Material Original Mix Modified Low Strength
PG-1,PG-3 Mix PLG-2
PG-2, PG-4
Cement 564 pcy 693 pcy 425 pcy
3/8” Coarse 1625 pey 1167 pcy 1167 pcy
Aggregate
Fine Aggregate 1469 pcy 1755 pcy 1945 pecy
Water 280 pcy 325 pcy 325 pey
Admixture’ 16.8 ozcy 27.6 ozcy -
Superplasticizer” 25 ozcy 25 ozcy -

! For high temperature months (May-September), an admixture meeting ASTM C494
requirements for Type B retarding and for Type D water-reducing and retarding was
used. During cooler months (November to April), an admixture meeting ASTM
C494 for Type A water reducing admixtures was used. The quantities of admixture
used, however, remained constant throughout the year.

2 Exact addition amounts may have varied slightly to adjust the slump to 8-10 in..



