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PULL-OUT TESTING OF CAST IN PLACE
EPOXY GROUTED REINFORCEMENT SLEEVES

Introduction

In order to develop structural continuity between sequential castings of reinforced
concrete, the reinforcing steel is continued from one casting to the next. There are times
when due to construction constraints it is desirable to not have reinforcement protruding
from a foundation or footing. Situations that may require this could be the necessity of
moving equipment or materials over a footing. Another specific case involves the use of
air forms for the construction of thin-shell concrete domes. When installing an air form
the fabric form is rolled out and attached to the exterior of the ring beam footing. The
reinforcing protruding from the footing presents a potential of puncturing or tearing the
fabric. The current practice is to bend the reinforcement out of the way and then
straighten it back out when ready to form and cast the subsequent section. This bending
and straightening of the bars raises two problems. First, the reinforcement is weakened
and sometimes broken due to fatigue from the bending. Second, when large
reinforcement bars are used bending them is nearly impossible.

It is accepted practice in retrofit situations to epoxy or grout bolts or
reinforcement bars into drilled holes. The concept inspiring this research is to cast a
sleeve into the concrete. Thereby providing a location for the reinforcement to be

epoxied in just prior to forming the subsequent casting.

Project Scope

This project involves the casting and testing of various sleeve specimens. ASTM
Bond strength testing was used to investigate the pull out resistance of the different
sleeves. Analysis was accomplished by comparing the bond strength and total loads of
the specimens with a control sample. The sleeve and control specimens were cast into
standard 6 concrete cubes. The cured samples were tested by applying tension to the
reinforcement bar. The slip between the specimens and concrete was measured at various

levels of stress. Loading was discontinued when the slip exceeded .01". The loading was






The control sample set results will have to be assumed to be reasonably consistent
with the results of a more carefully prepared sample. More care should have been taken
in final sample preparation to provide a planar compression surface.

The removed EMT conduit set was prepared so that the planar mold side was the
compression face. Therefore the results of this set can be assumed to be accurate. This
sample set proved to provide the greatest total load of all the specimens tested.

The removed PVC set was also prepared so that the planar mold side was the
compression face. Therefore the results of this set can also be assumed to be accurate.
This sample set provided the second greatest average total load of all the specimens
tested.

Three of the Carlon samples were tested without grinding the compression
surface. These samples were the highest and two lowest of the set. Without these
samples the median increases by 250 Ibs. or 1.5 %, the average increases by 539 1bs. or
3.3%, and the standard deviation decreases by 1262 Ibs. or 45.7%. The reduction in the
standard deviation is significant.

The PVC and EMT conduit sets each failed by slipping at a relatively low stress.
These sets failed at the sleeve-concrete interface rather than by concrete fracture.
Therefore the variance is not felt to be significant for these two sample sets.

It is plainly seen that greater care in sample preparation or the use of a specialty
pad would have provided more reliable data and results.

The slip of the sleeves is not reported in the body of this report due to errors and
difficulty in the measuring and recording. Because of the unexpected energy of the
fracturing specimens several dial gauges were damaged. Without these gauges further
readings were impossible. An alternative measuring system was used which varied from
ASTM C 234-86, but the results were incomparable to the standard method. Therefore
the slip results are included in the appendix but not the report body.



Conclusions

The results of the Carlon sample set show that a cast in place sleeve with some
form of mechanical interlock can develop a significant portion of the control set strength.
The results also clearly show that any smooth sleeve that is left in place will slip and pull
out without developing a reasonable portion of a standard deformed bar’s strength. The
removed PVC and EMT sample groups show that the epoxy to concrete bond develops a
dramatic percentage of a standard deformed bar’s strength. Therefore the Carlon sleeve
and the removed sleeves can be considered to be a reasonable alternatives to more
expensive connection devices. However, further research will have to be done to verify
these findings and determine the development length required for the Carlon sleeve. It
can be assumed that the engineering data provided by manufacturers of drill and epoxy
systems will have a close correlation to removed smooth sleeve applications of similar
diameter.

A disadvantage with this sleeve-epoxy type of reinforcement placement is that the
entire development length must be in a straight line. This would require that the footing
or foundation must have depth sufficient to provide the entire required development
length. The depth necessary could be significant for large diameter bars.

There are many available mechanical connection devices and inserts on the
market which have proven to be acceptable in many situations. The drill and epoxy
method has also proven to be a reliable technique. Holes that are carefully drilled and
cleaned provide an acceptable surface for good epoxy adhesion. There are many
manufacturers that can provide engineering data for their products and suggestions for a

specific project or application.
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Concrete Strength
Failure Load (lbs)

8813
9052
9470
9350
10206
9788
8694
8753
6953
7719
8117
6844

Average 8647

Median 8783

Std Dev 1015




