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ABSTRACT

The University of Texas at Austin Civil Engineering Structures
Research Laboratory designed and, with the close cooperation of The
University of Texas System Office of Facilities Planning and Construc-
tion, built a unique test facility through a grant sponsored by the
RANN Division of the National Science Foundation. The Floor-Wall
Reaction System was constructed to give researchers the ability to
test large-scale models using bilateral loadings in addition to axial

loads.

This report documents and describes the conception, design, and
construction of the Floor-Wall Reaction System to enhance its use and

availability.
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CHAPTER 1

INTRODUCTION

1.1 Background

The increased interest in the design of earthquake resistant
structures has led to extensive research programs being undertaken
to explore the behavior of reinforced concrete members subjected to
seismic loadings. To date, almost all of the research has been on
members with only unidirectional or planar loads, because of the
complex problems involved with testing members bidirectionally. The
test facility constructed at the University of Texas Civil Engineer-
ing Structures Research Laboratory at Balcones Research Center will
provide a means to study the behavior of members, structural sub-
assemblages, and small structures under three-directional loadings
with a minimum of difficulty. In this report the new facility,
the Floor-Wall Reaction System, or Reaction Wall for short, will be

discussed from conception to completion.

The Reaction Wall is part of a larger project to study the
behavior of reinforced concrete frame members subjected to bilateral
and axial loadings. Because of the size and capabilities of the
floor-wall system, the facility will become a multipurpose test
floor available to other researchers for a wide variety of testing.
The nature of the planned research called for a permanent test
facility rather than a temporary testing frame because large load
requirements and maximum adaptability to varying test conditions
were necessary. Construction of the facility was highly feasible
because no other location possessed the many advantages that the

Research Center offered.




A major advantage in building the Reaction Wall at the
Structures Laboratory of The University of Texas at Austin was the
ability to comnstruct it inside the existing Laboratory structure.
This allowed comstruction during the winter, thereby taking advan-
tage of what is usually the contractor's slack period, so that an
attractive construction bid could be obtained and the project com-
pleted within the period required. Because construction was indoors,
no weather delays were anticipated. The existence of the building
eliminated costly and time-consuming site preparation, since nothing
was located in the area of construction except a 6-in. slab on grade.
The Laboratory staff included experienced faculty members who had
designed other permanent test facilities and had the expertise to
make the fullest possible use of the Reaction Wall. 1In addition to
the'faculty, the Laboratory staff included a capable group of tech-
nicians to maintain the sophisticated electronic and hydraulic

equipment that would be used in conjunction with the Reaction Wall.

Briefly, the Civil Engineering Structures Research Labora-
tory had the personnel, equipment, and space to build the Reaction
Wall at a minimum cost and then make the greatest possible use of

it for research purposes.
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CHAPTER 2
PRELIMINARY DESIGN

Before any attempt was made to develop a configuration for
the Reaction Wall, the dimensional restraints imposed by the
planned building site were studied. The height of the Reaction
Wall above the existing floor was limited to approximately 20 ft,
by the clearance required for an overhead crane. The lateral dimen-
sions of the floor slab were limited by existing structural details
of the laboratory building, such as roof columns on two sides and a
test slab and the end of the building on the other two sides. How-
ever, even with these restraints the available floor area for con-

struction exceeded 2,000 sq. ft.

The first general outline of the Reaction Wall was a floor
slab with contiguous vertical walls, the walls having buttresses,
also contiguous with the slab, spaced along their length. At this
point a benefit-cost study was done to determine the best compromise
between load capacity and cost for various components of the Reac-
tion Wall. The floor slab was of particular interest, since the
cost of its construction was heavily influenced by its depth. The
excavation required for the slab had to be made through limestone,
which increased in soundness with depth. Therefore, it was important
that a depth be picked which gave sufficient load capacity at a low
unit cost. The economic study revealed that the optimum depth of
the floor slab was between 3 ft.-6 in. and 5 ft., and based on this
information a floor slab depth of 4 ft.-6 in. was chosen. The
buttresses were also studied to examine the most efficient shape
and reinforcing details. At first a sloping buttress was considered

to take advantage of the anticipated linear moment diagram in the

buttresses, but too many complications arose, such as the difficulties
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in detailing the reinforcement and post-tensioning. In the end,

straight rectangular buttresses were used.

Using the results of the economic study, a specific con-
figuration for the Reaction Wall was proposed. As can be seen in
Fig. 2.1, ithad a biased strength axis with a very large buttress at
the intersection of the walls. The main function of this buttress
was to provide a way of testing uniaxially large shear walls using
high loads. However, there were three drawbacks to this first con-
figuration that prompted a reevaluation of the design. The first
drawback was the varying load capacity along the wall because of
the buttress layout. The second drawback was the inefficient use
of the available floor area. A large part of the slab area could
not be used to anchor test frame members, which limited the adapti-
bility of the Reaction Wall to changing test requirements. The
third drawback was that the floor bolt groups in the proposed slab
could not be aligned with the floor bolt groups in the existing
test slab. A new configuration was proposed which eliminated these

drawbacks and embodied much of what was actually built.

The new configuration (Fig.2.2) made better use of the
floor space by shifting the walls to a north-south east-west
orientation and extending them the length of the slab. Also, the
wall capacity was made uniform by having identical buttresses around
the wall. A drop in the maximum uniaxial load capacity resulted
from these changes, but it was not large enough to outweigh the
advantage of uniform load capacity along the walls and more uniform
construction details. The extension of the walls at their inter-

section eliminated the need for bending the reinforcement around

the corner, a difficult and costly detail.
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CHAPTER 3

ANALYSIS AND DESIGN

3.1 Introduction

The Reaction Wall was divided into three separate components
to simplify it to a point where the analysis could be done by hand.
This approach neglected the influence of interaction between the
components, but it made a relatively quick analysis possible,
reducing the time and cost required to design the Reaction Wall.
Since each component was looked at independently, each will be dis-

cussed similarly.

3.2 §Slab

There were three items to be designed in the floor slab--
the concrete, the reinforcement, and the method of providing
anchorage to the floor slab. The depth of the floor slab had been
previously determined to be 4 ft.-6 in., based on the economic

study of capacity versus depth.

The concrete used in the floor slab was to have a minimum
28-day compressive cylinder strength of 4000 psi. Primarily, this
strength was selected to ensure a good quality concrete which was

readily available locally.

Studies showed that the in-place cost of single large diam-
eter reinforcing bars was approximately 18 percent higher than the
in-place cost of several smaller diameter rebars which were bundled.
Because of this, bundled bars were used in the floor slab with each

bundle consisting of three #11 rebars, forming a triangle as seen

from the ends. Cost of the reinforcement was a major concern because
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such a large amount of reinforcement was used in the construction
of the floor slab. Over 111,000 1lbs of reinforcing steel was used

for the longitudinal slab reinforcement alone.

At both the top and bottom of the slab a layer of #11
bundled rebars was placed in each direction, as illustrated in

Fig. 3.1.

Fig. 3.1 Bottom layer of slab reinforcement

Each layer had a bundle spaced every 12 in. This spacing provided
provided sufficient clear space for concrete placement and ensured
that the rebars did not interfere with the anchor bolt patterms in
the floor élab, which were on 4 ft. centers. The spaces betwéen

groups of three bundles in Fig. 3.1 indicate the planned locations

of the floor anchorage details.

The principal design criterion for the Reaction Wall was to
maximize lateral load capacity, and for this reason as much longi-

tudinal reinforcement as could be reasonably fit into the floor
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slab was used. The idea was to have the largest ultimate moment
capacity possible in the floor slab, since all lateral loads on
the Reaction Wall eventually had to be transferred to the slab.
Thus the larger the moment capacity, the greater the lateral load
capacity. The ultimate moment capacity of the slab was found by
taking a typical 8 ft. wide section of the slab,‘Fig. 3.2, and
analyzing it as an ordinary rectangular section. The 8 ft. came
from assuming that the lateral load on a buttress would be trans-
ferred through an 8 ft. wide section of the slab. 1In other words,
splitting the distance between the buttresses on either side of the
buttress in question. With the ultimate moment capacity of the
floor slab known, the ultimate lateral load on a buttress was
determined by dividing the floor slab moment capacity by the maxi-
mum vertical distance possible between the point of lateral load
application and the neutral axis of the floor slab (see Fig. 3.3).
Tt should be noted that in the analysis of the slab the soil reac-
tion to the applied loads was omitted. The Reaction Wall was
designed as a self-equilibrating system, ignoring soil-structure

interaction in the analysis.

At this point it should be noted that in the design of the
Reaction Wall no ¥ factors were used. Also, the only load factor
used was a 35 percent amplification on all loads rather than the
load factors recommended by ACI 318-71.1 These changes were justi-
fied on the basis that all loads applied to the Reaction Wall would
be known or could be controlled closely. In addition, the quality
of the materials used in the Reaction Wall and the comstruction

itself would be carefully supervised.

In addition to equilibrating the lateral loads on the
Reaction Wall, the floor slab had to provide anchorage for testing
frames and equipment. In a test slab built previously, the anchor-

age detail consisted of nuts welded to the underside of channels

embedded in the slab. A pipe extended through the slab to the
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channel to provide a passageway for threaded rods to be passed
through the slab into the nuts. Because the system had proven very
successful, the same method was adopted for the new construction

with only minor modifications in the manner of fabricatiom.

The floor slab bolt pattern was a continuation of the
pattern used in the existing test slab, since the two slabs were
contiguous. The pattern shown in Fig. 3.4 consists of bolt groups
on a 4 ft. grid with each group made up of four bolts on an 8 in.

square pattern.

The detail at the channel is shown in Fig. 3.5. Each group
was designed for a 200 kip load. A 1-1/4 in. diameter bolt was
selected and 2H heavy hex nuts were welded to the underside of the
channel. Metal caps and galvanized conduit were welded to the
channels for watertightness to prevent cement paste from intruding
and filling the void. A bolt with a yield strength of 60 ksi would
provide around 50 kips tensile strength. The 2H nuts have greater
strength and could be used with higher strength bolts to increase
the anchorage capacity. The channels were 40 ft. long to extend
the length of the floor slab in an east-west direction. The channel
replaced every fourth bar bundle in the bottom layer of slab rein-
forcement in the east-west direction. To provide anchorage at the
end under the wall and permit the channel to be fully developed as

tension reinforcement, studs were welded to the channels.

The contractor elected to have a fabricator provide the
entire anchorage assembly for placement in the floor slab. The
fabricator drilled holes.in the channels to form the pattern of a
bolt group. On the underside of the chanmnels, nuts were‘ﬁélded at
each of the holes and a metal cap was then welded over the nut to
seal it. Although the specifications did not require the nuts to be
held tightly in place during welding, it would have been desirable

to have done so because a check showed that some nuts became skewed

during welding and would not permit the threaded anchor rods to
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engage the threads. These problems will be discussed in Chapter 4.
On the top of éach channel, conduit was welded at each hole loca-
tion to provide the passageway thfough the floor slab for the
threaded rods. At one end of each channel shear studs were attached
to provide the necessary shear transfer capacity along the channels.
These channels were placed at 4 ft. intervals in the bottom of the
floor slab with the reinforcing steel thus forming the bolt groups
at 4 ft. intervals. The channels are shown in place in the floor

slab in Fig. 3.6.

Tt should be noted that the shear capacity of the floor slab
in a "pull-out" mode (two-way shear) was more than adequate for the
loads anticipated on the anchor bolt groups which were 200 kips
rated load per bolt group, based on four 1-1/4 in. diameter bolts of
ASTM A193, Grade B7 or better.

)UND

Fig. 3.6 Channel assemblies in place
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3.3 Buttresses

Essentially, there were two major design variables for the
buttresses, the dimensions and the reinforcement. The concrete
strength was to be identical to that of the floor slab for the same

reasomns.

The dimensions of the buttresses were set for reasons other
than load capacity because there were preconditions which limited
the options available to the designers. One precondition was that
the wall bolt groups, holes in the walls to pass a bolt through, but
not threaded in any way, were to be aligned with the floor slab bolt
groups. This meant that there would be 4 ft. between bolt groups so
that a buttress would either have to fit within the 4 ft. distance
or extend far enough to encompass two wall bolt groups (see Fig. 3.7).
It was quickly obvious that the less thick buttress combined with a
medium thick wall was the most desirable choice. Therefore, the
buttresses were dimensioned to fit within the 4 ft. spacing. Sub-
tracting the required clearances for the wall bolt groups resulted
in buttresses 30 in. wide. Next, the depth was selected through a

very similar process of elimination.

Since the floor slab bolt spacing was 4 ft. between bolt
groups, the buttress depths could only be changed in 4 ft. increments
in order to add or delete rows of floor slab bolt groups efficiently.
Using the available space, the buttresses could be 4 ft., 8 ft.,

12 ft., and so on, but the 4 ft. depth was eliminated immediately

as being unrealistically short and providing too small a lateral
force capacity. It was also decided that anything larger than 8 ft.
would reduce the available floor space too much. This left only one

choice--8 ft.

After sizing the buttress, the reinforcement was designed

to provide sufficient shear and moment capacity to resist the design

load previously calculated from the ultimate moment capacity of the
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floor slab. The design lateral load was assumed to act at the top
buttress load point and as it was the only load the shear would

then be constant along the height of the buttress with a linearly
varying moment diagram having its maximum value at the base of the
buttress. To analyze the buttress, a tee-shaped section was selected
at the base of the buttress, which included 4 ft. of wall on either
side of the buttress centerline, splitting the distance between
buttresses on either side. The section analyzed is illustrated in

Fig. 3.8.

N

k——-—_-——.——.‘-—-—.—
~

Ex
;

N
]

Fig. 3.8 Buttress design section

Before the analysis of the buttresses was begun, considera-
tion was given to post-tensioning the buttresses so that an active
restraint was present to close any shear cracks which might occur in

the buttresses and to improve shear capacity. Also, the post-

tensioning tendons served as the main longitudinal reinforcement
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and provided an ultimate moment capacity more than adequate for the
design lateral load. Post-tensioning was more desirable than using
standard reinforcement, which would also provide strength but only
after permanent cracking had occurred. The maintenance of an

uncracked structure was deemed necessary because of the possibility

of using the Reaction Wall for fatigue testing.

Several post-tensioning systems were considered and cable
tendons were rejected because of the difficulties in stressing and
anchoring the short tendons. Threaded bar systems were decided on
and Dywidag threadbar was selected because it was the least expensive
system available and was ideal for meeting the design requirements
of ease of restressing and possibility of making positive connections

to the exposed threadbar ends.

Dywidag threadbar is a high-strength steel reinforcing bar
which is rolled with deformations in the form of threads. As a
result, splicing two threadbars together is easily accomplished by
using a threaded steel coupler into which the two bars are screwed.
Ends are anchored with special nuts tightened against end plates as

the bar is tensioned.

Sixteen Dywidag threadbars were used in each buttress. Bars
with a nominal diameter of 1-1/4 in. and an ultimathtensile strength
of 160 ksi were used. The bars were stressed to iid ksi and then
released to 112 ksi, where they were then anchored. The stress after

losses was estimated to be 96 ksi.

The permissible shear stress in the buttresses was computed
following the recommendations in Sec. 11.5.2 of ACI 318-71. The
post-tensioning yielded a 28 percent increase in the per&issible
shear stress, but a minimum amount of reinforcement was still
required. To provide this minimum, #5 bars at 9 in. spacings were
used both horizontally and vertically in the buttresses. This

reinforcement gave an additional 85 percent increase in the
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permissible shear stress over. that with just the post-tensioning.
Table 3.1 describes the steps used in calculating the shear

capacities.

3.4 Walls

The last component designed was the wall. The buttresses
were to be the principal load-carrying members and the wall was
designed to distribute the load to the buttresses without becoming

too thick. As with the buttresses, post-tensioning was used, but

for the walls it was necessary to provide shear capacity and control

flexural cracking, since the thickness of the wall was to be kept

to a minimum.

The wall was analyzed in a simplistic manner by taking a
strip of the wall between the intersection of the walls and an
adjacent buttress and treating it as a beam fixed at each end.
Design loads were applied at the wall load points. The strip had
its centerline along a bolt group centerline and extended 2 ft. om
either side of it to split the distance between bolt groups on
either side (see Fig. 3.9). The ultimate shear capacity at the
buttress wall intersection was deficient for a critical load case
(Fig. 3.10) and rather than increase the post-tensioning force,
bent bars were used at the intersection, which extended from the
walls into the buttresses forming hangers, as shown in Fig. 3.11.
A minimum amount of temperature and shrinkage reinforcement was
provided vertically and horizontally (#5 bars at 12 in.) in the

walls for serviceability and shear capacity.

3.5 Finite Element Study

Once the design of the Reaction Wall was complete, a more
sophisticated analysis was undertaken and presented as a special

report,2 the results of which will be summarized in this section.

The primary focus of the study was to check the adequacy of

the walls, especially at the buttress-wall intersections under




TABLE 3.1 SHEAR CAPACITY CALCULATIONS

Case I: No axial compression; no shear reinforcement
vél = 2 Jf; = 2 44000 = 126 psi

Case II: Axial compression; no shear reinforcement

21

1920 kips

Vo = 2(1 + 0.0005 Nu/Ag) Jf;
Nu = 16 bars x 1.25 sq. in. per bar x 96 ksi
_ (1920) (1000) _ .
Vg T 2(1 + 0.0005 (30 in.) (114 in.)) 4000 = 162 psi
o _ L62 - 126 o _ nao
Bh = 75 ¥ 100% = 28%

Case III: Axial compression; shear reinforcement

A =( -~-v) bws A =2 x 0.31 sq. in.
v u (o] f__ v
y s =9 in.
_ . _ 0.62(60000)
Yu T Ve T T 3009) £ = 60000 psi
Vy T Ve = 138 psi b = 30 in.
w
Vo3 = 138 psi + 162 psi = 300 psi

o~ _ 300 - 162 -
LA = St x 100% = 85%

= 0.62 sq.

in.
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various critical loading conditions. A two-dimensional finite
element program was tailored to the Reaction Wall geometry to obtain
the desired information. The program was a major step forward com-
pared to the hand analysis, but it too had limitations which made
the use of the results questionable for all except general trend
studies. Essentially, the Reaction Wall was too complicated a
structure to adequately model as a two-dimensional assembly of
elements. The attempt led to the use of a number of assumptions,
none of which could be sufficiently tested within the framework of

the study to determine their validity.

With the limitations of the program noted and considered,

several load cases were analyzed and the results studied.

The first load case was the design wall load of 100 kips
applied at the top-most wall load point adjacent to an interior
buttress. Preliminary work showed that even though each load point
could be made up of a load distributed over a bearing area or up to
four individual points of loading because of the pipe groups, the
results were not affected by using only a single concentrated load
to represent other load cases. There were several more load cases
where the wall load was shifted down toward the floor slab along the
same line of load points as used in the first case. Loads were also
applied at load points adjacent to an exterior buttress, and, finally,

adjacent to a buttress closest to the wall intersection.

The results of these cases gave a clear indication that
locally very high stresses were present at the buttress-wall
intersections. To reduce the stresses and provide an extra margin

of strength, the wall thicknesses were increased from the original

15 in. to 18 in.




CHAPTER 4

CONSTRUCTION

4.1 Introduction

Construction was begun in early January 1977 and the
Reaction Wall was accepted by The University of Texas in mid-June.
The construction period was slightly longer than originally antici-
pated due to several unexpected difficulties. The Reaction Wall
was built at a cost below the engineer's estimate and the final
results were generally acceptable. In the following sections, the
construction will be discussed chronologically. A pictarial descrip-
tion of the construction is presented in Appendix A. Also, excerpts
from the construction plans are shown for certain elements of the

wall in Appendix B.

Prior to the construction of the floor slab, a suggestion
was made by the contractor that the concrete for the floor slab be
pumped rather than placed using dump buckets and an overhead crane
as initially proposed. The advantages of pumping were so signifi-
cant, faster placement and less chance of delays, that the suggestion
was accepted. The original concrete specifications had to be altered,

reducing the aggregate sizes and increasing the slump to accommodate

the use of pumps.

The only other major departure from the original construction
concept was the sequences of construction of the wall and}buttresses.
It was anticipated that the contractor would choose to reuse formwork.
Therefore, three vertical and one horizontal construction joints were
specified in the plans. However, for purposes .of form alignment and

elimination of bulkheads at vertical joints, the contractor elected

25
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to eliminate vertical joints and to cast the entire wall and
buttress section in two stages with just the one horizontal joint.

Formwork will be discussed in greater detail later.

4.2 Floor Slab

During the excavation for the floor slab, it was discovered
that existing machinery foundations were larger than described in
the original building plans. Removal of the rather massive concrete
slabs delayed the excavation somewhat and increased excavation

costs.

After the excavation was completed, at a depth of about
4 ft.-8 in., a thin layer of low strength concrete was pumpted into
the excavation to form a clean, level working surface (mud slab) on
which to place the floor slab reinforcement. The pumping operation
went very smoothly, eliminating any doubts regarding the feasibility

of pumping for the remainder of the construction.

With the mud slab cast and hardened (Fig. 4.1), placement
of the floor slab reinforcement began. For proper cover on the
bottom layer (3 in.) brick chairs were used. To form the bundles
of rebars, the contractor began "tack'" welding rather than tying
the bars together with wire. Welding was stopped as soon as it
became known to the project staff, but not before thirteen bundles
were tack welded (Fig. 4.2). The decision was made immediately to
replace all welded bars. Although such a practice was not antici-
pated, it would have been desirable to expressly prohibit any

welding of bars during fabrication.

Using tied bundles, placement of the reinforcement in the
bottom layers proceeded quickly. At this point, the prefabricated
assemblies for the floor bolts were to be placed directly on the
bottom layers of reinforcement. Inspection of.the assemblies prior

to placement revealed that many of the welded nuts were unusable,

the threaded rods could not be engaged in the nuts. It was also
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discovered that the conduits were not always properly aligned at
right angles with the channel to form the 8 in. square pattern at
their free ends (Fig. 4.3). 1In order to correct the problems, the
assemblies were returned to the fabricator to be thoroughly inspected
and repaired. In most cases the problem could be alleviated by
running a tap into the threads and cleaning the nuts. In some cases
the nuts were skewed during welding and had to be replaced. Conduit
misaligﬁment was not corrected because the contractor felt he could

provide proper dimensional tolerances prior to casting.

With the anchorage assemblies in place (see Fig. 3.6), the
upper slab reinforcement was placed. The upper layers of slab
reinforcement were supported on triangular chairs made of reinforcing
bars and can be seen in Fig. 4.4. Placement of the top layers of

steel proceeded smoothly and quickly.

After the floor slab reinforcing steel was placed, special
measures were taken to correct the alignment of the conduits for
the gloor anchors. Basically, there were two dimensions which had
to be maintained. The first was the 4 ft. center-to-center distance
between bolt groups, and the second was the 8 in. center-to-center
distance between the individual conduits in a group. The tolerances

were 1/4 and 1/8 in., respectively.

To ensure the 8 in. pattern, a square wooden template drilled
with holes to go over the conduits was used to position the conduits.
With the square templates in place, lengths of 2x4 boards were nailed
to position the groups at 4 ft. centers and to prevent the group from
rotating. As shown in Fig. 4.4, the result was a large framework

designed to keep. everything in its proper place.

The framework could not be kept in place during the entire
casting of the floor slab, since the templates were below the floor

slab surface. This meant that in order for the conduits to remain

in their correct positions the concrete that was placed prior-to
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Fig. 4.4 Conduit alignment framework
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removal of the framework would have to be stiff enough to restrain
any movements by the conduit. Unfortunately, the concrete in the
floor slab was not sufficiently stiff and there was some shifting of
the conduits, but almost all were within the specified tolerances.

The most serious misalignment was 1/2 in. between two bolt groups.

Perhaps the smoothest operation of the entire project was
placement of concrete in the floor slab. A crew of ten men and two
pump trucks working simultaneouslyvplaced over 350 cubic yards of
concrete in eight hours. The floor slab was monolithically cast in
four equal layers with mechanical vibrators used to assure continuity
between the layers. As can be seen in Fig. 4.3, the top of each
conduit was fitted with a threaded sleeve. Prior to casting the
sleeves were set at the proper elevation with a level and provided
the control points for screeding and finishing the floor surface.
However, the use of the sleeves as a guide for screeding and finish-
ing resulted in an uneven surface. For a more level sur face, a
different method would have been needed. After the floor slab was
cast, the surface was float-finished and a curing sealant applied

to it.

4.3 Buttresses

The buttresses and walls were cast together, but for the

sake of clarity each will be discussed individually,

The buttresses were formed after the floor slab had hardened,
but provisions had been made during construction of the floor slab
to provide continuity between the buttresses and the floor slab.
Dowels were cast in the floor slab to provide anchorage for the
vertical supplemental steel in the buttresses and lengths éf thread-

bars were also cast into the floor slab (see Fig. 4.5).

The threadbar, surrounded by sheathing, was anchored at the

bottom of the floor slab by "A" bell anchors (Fig. 4.6) and
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extended above the slab so that a second threadbar in the buttress
could be spliced to it. Threadbar extensions can be seen in Fig. 4.5
with the sheathing about a foot below the end of the threadbar. The
A" bell anchor was a circular band of steel which had a nut welded
at its center (see Fig. 4.7). The circular band provided confine-
ment to the concrete against which the nut was bearing. The thread-
bar was screwed into the nut to provide load transfer from the

threadbar to the concrete.

Each buttress had bolt groups at five levels spaced along
its height (see Fig. 3.7). At each level the group was formed by a
welded assembly of four pipes which extended the depth of the
buttresses. As can be seen in Fig. 4.8, the four pipes had a steel
template welded at each end to keep them in the correct 8 in. square
pattern. The steel template was also designed to serve as a bearing
plate on the wall surface. After removing the forms, bolts could
be passed through the buttresses and anchored at either end by a

bearing plate and nut.

Originally, the bolt groups in the buttresses were to be
positioned with the lowest group 2 ft. above the floor slab surface
and the others at 4 ft. intervals. However, because of interference

between the threadbar splices, the lowest bolt group had to be
shifted upwards 8 in. Fig. 4.9 shows the lowest bolt group and the
threadbar splices after the bolt group had been moved up. It is
clear that the bolt groups could not have passed between the large
diameter sheathing at the splice points if they had been left in
their planned position. The rather long splice sheaths provided a

void for movement of the splice during post-tensioning.

4.4 Walls

The walls were originally planned to have several veftical

construction joints so that duplication of formwork.could be avoided,

but the contractor, after studying the plans, removed the construction
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joints because he felt it would be cheaper to cast the walls as a
unit and would permit an alignment of wall formwork and a smoother
wall surface. Since the buttresses and walls were cast together,

the walls included the horizontal construction joint.

Like the buttresses, all of the vertical supplemental steel
in the walls had dowels in the slab to provide continuity, but since
the post-tensioning in the walls was horizontal, there were no
embedded threadbars in the floor slab for the walls. The threadbars
in the walls were installed in two sections and spliced so that

their lengths would not make shipping and handling difficult.

The bolt groups in the walls were formed using piéces of
pipe that extended the depth of the wall. Instead of using templates
at each end to keep them in position, they were held in place and
sealed against concrete intrusion by circular blocks of wood nailed
to the wall forms. The only difficulty encountered with this method
was the problem of closing up the forms. 1t was easy to place the
pipes on the blocks when only one side of the form was up, but when
the other side was erected it was quite difficult to make all of the
blocks on it mesh with the pipes already in place. Even though there
were no conflicts between the lowest wall bolt group and threadbar
splices, the lowest wall bolt group was shifted upwards along with

the lowest buttress bolt group for the sake of uniformity.

Casting of the walls went on simultaneously with the
buttresses, so the same problems were encountered in both. All of
the supplemental steel, fabricated pipe assemblies, and Dywidag bars
were placed before the buttresses and walls were cast. The casting,
however, was done in two stages, with the first 1ift belng approxi-
mately 12 ft. and the second 7 ft. During the casting of the first
stage, the single pump truck used was clogged by a substandard

batch of concrete and while no bad concrete was placed in the
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buttresses or walls the resulting delay allowed a cold joint to
form, as shown in Fig. 4.10. After removal of the forms from the
first 1lift, some superficial honeycombing was found (Fig. 4.11),
but it was quickly repaired using a sand and cement mix. The
second lift went smoothly with no problems during or after the

pumping.

4.5 Formwork

An integral part of the success of any concrete structure
is the design and construction of its formwork. The Reaction Wall
was no different and, while no formwork was required for the floor
slab, careful consideration was given to the formwork for the

buttresses and walls.

The key objectives of the formwork were to minimize surface
irregularities on the working faces of the walls and to ensure that
the pipe group templates were flush with the wall surfaces, so that
bearing plates would fit properly. In addition, the formwork was
to be securely held in place so no concrete would enter the pipes
of the buttress groups, since these were not fitted with plugs as

were the wall pipes.

With no vertical construction joints present, the formwork
was easily erected. First, the entire working surfaces of the walls
were formed so the wall would be continuous and uniform (Figs. 4.12
and 4.13). Second, the formwork was erected for the first stage
around the buttresses and behind the walls once the reinforcing

steel was in place.

After the first stage had been cast and sufficiently,cﬁred,
the forms from behind the walls and around the buttresses were

removed and moved upwards to the second stage (Fig. 4.14).

It should be noted again that the forms on the working sur-
face, front face, of the walls were not moved or removed until the

entire wall had been cast and cured (Fig. 4.15).

g




37

t

join

Fig. 4.10 Wall cold

Fig. 4.11 Wall honeycombing




38

ing wall forms

12 Erect

4

Fig

13 Wall forms complete

ig. 4.

F




(o))
[32]

14 Second stage formwork

4

ig.

F

formwork

15 - Removing

4

Fig




40

With the removal of the forms it became apparent that the
formwork had only partly satisfied its objective. The working sur-
faces of the walls were fairly free from irregularities, but the
forms had expanded under the weight of the concrete and vibration
during placement. As a result, the buttress pipe templates were not
flush with the concrete surface and the pipes had varying amounts
of concrete in them. There was no concrete in the wall pipes; the

plugs had effectively sealed the ends.

Form-ties were used at a spacing of 16 in. vertically and
24 in. horizontally, with one long form-tie running the depth of the
buttresses at the center every 16 in. vertically. From the results
obtained, it was fairly obvious that the spacings for the buttress
form-ties were far too liberal, especially considering their long

lengths compared to the wall form-ties.

4.6 Post-tensioning

During installation of the Dywidag threadbars, no problems
were encountered and the construction crew found them easy to work
with. The buttress threadbars, sixteen per buttress, were kept in
alignment during casting by using a template for each buttress and
tying the threadbars securely to the buttress pipe assemblies. The
wall threadbars needed no templates, but were ties to the wall
reinforcement at close intervals to ensure that they were level with

no sags anywhere along their lengths.

"A" bell anchors were used only in the floor slab. Else-
where bearing plates and anchor nuts were used to terminate the
threadbars. The bearing plates were rectangular with a hole drilled
in the middle to pass the threadbar through. The hole was then
ground out to form a spherical seat for the anchor nut which had a
spherical head (Fig. 4.16). The plate was set out on the threadbar
before casting, using a plastic ring which kepﬁ the plate in the

desired position. The plastic ring created problems later in the
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tensioning of the threadbars which were both irritating and
time-consuming to fix. During tensioning the plastic ring would

be drawn up into the plate and prevent the anchor nut from seating
properly. Consequently, the plastic ring had to be dug out from
the plate hole repeatedly for the same threadbar until enough of
the ring had been removed to allow the anchor nut to seat properly.
This meant that thé threadbar might have to be tensioned and com-
pletely released several times before the problem was corrected.
The plate was placed so that it fit flush with the concrete, as can

be seen in Fig. 4.17, where a plate and nut on a wall threadbar is

shown.

The whole operation of installing and tensioning the
Dywidag threadbars was made simpler by the fact that no grouting
was to be done after the post-tensioning. Since the capability of
retensioning the threadbars at some later time was desired, the

threadbars could not be grouted.

Tensioning the Dywidag threadbars was a very simple opera-
tion. The only equipment needed was a hydraulic pump, hydraulic
centerhole ram (Fig. 4.18), mandrel, wrench, and calipers. The
mandrel was screwed onto the threadbar to provide a length suffi-
cient to pass through the hydraulic ram (Fig. 4.19). The ram was
then placed over the mandrel, threadbar, and threadbar anchor nut
so that it rested on the bearing plate. A large nut was then
screwed onto the mandrel until it was seated against the ram's
piston. The piston was extended using the hydraulic pump, elongating
the threadbar. When the correct elongation was reached, the thread-
bar anchor nut was turned with a ratchet assembly, which was an’
integral part of the ram, until the nut seated against the beéring
plate, preventing the threadbar from relaxing (Fig. 4.20). Tﬁe
piston was then retracted (Fig. 4.21) and the @andrel and ram removed

from the threadbar and shifted to the next bar to be tensioned.
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The proper elongation for each threadbar was calculated
before tensioning by the suppliers of the Dywidag system. The
post-tensioning operation was monitored in three ways to provide
safeguards against incorrect stressing. First, the force on the
threadbar was determined by measuring the hydraulic pressure in the
ram. Second, the number of turns of the anchor nut to seat it on
the bearing plate was monitored. Third, elongation of the threadbar
was measured using calipers (Fig. 4.22). After all stressing was
completed, the ends of the bars were coated to prevent rust and

corrosion.

Fig. 4.22 Elongation measurement with calipers




CHAPTER 5

FLOOR-WALL REACTION SYSTEM LOADING CAPABILITIES

5.1 1Introduction

As an aid to the users of the Floor-Wall Reaction System,
the maximum loads which can be applied to the various components
of the system are catalogued in the remainder of this chapter. 1In
addition, a schematic sketch of these levels is presented in

Fig. 5.1.

5.2 Buttress

A. At no time shall the applied load on the buttress
exceed 300 kips. Nor shall the combination of applied loads at
any buttress load points and adjacent wall load points exceed
the above value. This 1limit is controlled by the shear capacity

of the buttress.

B. At no time shall the moment acting on the buttress
parallel to the plane of the slab due to the applied loads on the

buttress and its adjacent wall load points exceed 5400 k-ft.

Loads acting away from the buttress may be governed by

the tensile capacity of the attachments to the wall.

5.3 Wall
A. At no time shall the applied load at any single wall

load point exceed:

1. 100 kips when directed away from the working
face of the wall

2. 100 kips when directed toward the working face
of the wall

47
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5.4 Slab

A. At no time shall the applied load at any floor slab

anchor bolt location exceed:

1. 50 kips when directed away from the slab
2. 50 kips when directed toward the slab

B. This provision governs only the structural slab and
the encased anchor assembly. No statement is made concerning the

anchor rod capacities.

Note: With ASTM A193, Grade B7 1-1/4 in. steel rods, the
full capacity of the floor slab anchor bolt assemblies can be

obtained.
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APPENDIX A
Pictorial Description of -the

Construction of the

Floor-Wall Reaction System
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Fig. Al Excavation for

Fig. A2 Completed excavation

the floor slab

for the floor slab




Fig. A4 Bottom two layers of floor slab reinforcing

steel in place
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Fig. A6 Partial placement of upper layer floor slab
reinforcing steel
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Fig. A9 Overview of floor slab just prior to casting
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Fig. A13 Dowels in floor slab
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APPENDIZX B

Construction Drawings
for

Floor-Wall Reaction System
Civil Engineering Structures Research Laboratory

as prepared by

Office of Facilities Planning and Construction
The University of Texas System
210 West 6th St., Austin, TX 78701
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CONCRETE PROPERTIES*

Typical Mix
Class of concrete: 4000 psi
Water-cement ratio: 5.73 gallons per sack of concrete

Mix design per cubic yard:

Cement 517 1bs

Sand 1370 1bs

Gravel 1795 1bs
Admixture Airsene 16-1/2 oz
Sacks per cu yd 5.5

Compressive Cylinder Test Results

Average Average Average
Pour Yards 7-day 14-day 28-day
Out Strength Strength Strength
Floor Slab 28 3600 4500 5200
76 3800 4600 5200
124 3600 4700 5100
179 3700 4400 5500
234 4800 5700 6400
282 4200 5100 5700
331 4600 5500 6000
Ist Wall 21 3200 3800 4600
(Bottom 12 ft) 70 4800 5600 5800
112 5400 6000 6500
2nd Wall 21 4300 5300 5500
(Top 7 ft) 63 4000 4600 5200

*Information provided by Trinity Engineering Testing Corporation,
Austin, Texas.
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