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Experimental study of the skin friction of grout in ground anchors

: Impact of the skin friction of the free length portion on the tightening effects
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Abstract

Ground anchors (“anchor”) are used to stabilize grounds in the natural slopes or the cut earth
slopes that were caused by landslides or slope failures, and to stabilize structures built on, or beneath
the ground. The anchor has been used in Japan over 50 years, since its inception.

The anchor has advantages which other measures against landslides do not have and it has been
designed or used for measures against landslides. Many details have not been discovered such as;
how landslide slopes where the anchor is set behave and what force works on the anchor or the
sliding surface. Currently, the anchor has been used on sites while these uncertainties have remained.

Although there are many undiscovered details in anchors, designing the anchor using stress
analysis such as finite element methods, has been ongoing, and we have been waiting for improved
designs and methods for more effective anchor use to be realized.

Compression stresses from a diaphragm, or transmission of tightening forces are important
elements to designing the anchor. This is an important element in obtaining sufficient tightening,
which is one of the two major purposes of the anchor; however, it has not been identified how the
tightening effects work on the sliding surface.

In addition, grout is injected into the free length portion of the anchor and it is apparent that
friction emerges on the skin of the free length portion. When tension is applied to the anchor,
(upward) stress, toward the anchor tension, is probably transmitted into the surrounding areas via the
skin friction of the free length portion, and the stress and tightening forces from the diaphragm are
likely to be offset. Accordingly, it is possible that the tightening force required to exercise the
tightening effect is obstructed from reaching to the sliding surface.

Using experimental study on the skin friction of the anchor grout, this study demonstrates the
effects of pressurized injection of grout into the anchor body and evaluates the impact of the skin
friction of the anchor free length portion on the tightening force from the diaphragm.

Chapter 1 and 2 summarize the background and purpose of this study and the basic components of
the anchor, as well as presenting problems on the anchor. These are the introductory sections of this
article.

In Chapter 3, model experiments were conducted where the homogeneous grounds were assumed
in order to give a specific evaluation to the effects of pressurized injection of grout into the anchor
body. The experiment demonstrated that grout did not penetrate by a pressurized injection. On the
other hand, there was an increase in friction between grout by a pressurized injection and the ground
material. In addition, there was dehydrating of the grout by a pressurized injection, leading to the
grout gaining density and strength. We concluded that this would be the main factor in the increase

of friction resistance by the pressurized injection.

—viii—



Chapter 4 explains the actual experiments of the anchor to evaluate the impact of the skin friction
of the free length portion on the tightening force of the diaphragm. In these experiments, two types
of anchors were examined, one where the grout was injected into the free length portion, and the
other where the grout was not injected. Both were cast and strains in the tendon hampers, grout, and
beneath the ground were measured while tension was applied. In the anchor where there was skin
friction of the free length portion, the tightening force was relatively low. As a factor of the low
tightening force, it was thought that the tightening force transmitted from the diaphragm would be
offset due to tension stresses transmitted to the ground where the free length portion was set via the
skin friction of the free length portion.

In accordance with the results from Chapter 4, demonstrations in experiments under more specific
conditions appeared to be necessary, and experiments using model anchors set in artificial ground
are explained in Chapter 5. We regarded the anchor as a two dimensional strain problem with infinite
diameter in the anchor model experiment, the strain on the ground and the grout was measured and
weighed when stress was applied to the set model anchor in the experimental steel earth tank. The
existence of skin friction of the free length portion transmitted the anchor tensioning force as an
upward stress which attempts to raise the surrounding area. Offset of this force and the tightening
force from the diaphragm were very likely to obstruct the tightening force from reaching to the
border (= sliding surface) with the ground in which the anchor body is set.

According to the results obtained so far, the stress transmitted from the diaphragm, the anchor
body and the free length portion appeared to mutually impact and the stresses were intricately
transmitted inside of the ground where the anchor was set; therefore, in Chapter 6, numerical
experiments using the finite element method were performed to further obtain the stress status of the
ground when tension was applied to the anchor. For the numerical experiment, reproduction analysis
of the model experiment was performed and the stress status of the ground when tension was applied
to the anchor was compared. The finite element method analysis was used on the model where the
ground of the free length portion was set in softer soil, such as during landslides, and the impact on
the skin friction of the free length portion was discussed.

It was demonstrated that tension stresses worked on the surrounding areas, due to the existence of
skin friction of the free length portion when tension was applied to the anchor; this made it difficult
for the tightening force from the diaphragm to be transmitted to the deeper portions. The tendency
was also presented, that the transmission rate of the tightening force to the deeper portions was lower
as the ground where the free length portion was placed was stronger, when there was skin friction of
the free length portion.

In Chapter 7, results of the experiments in this study are summarized. We have concluded that the
tightening effects of the anchor would be lower than we expected due to the skin friction of the free

length portion.
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