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Construction methods using post-installed anchors are often 
adopted for reinforcement of concrete structures and installation 
of fixtures and fittings to them.  A post-installed adhesive anchor 
construction method1) is a method whereby a hole is drilled in the 
base concrete and then mortar or the like is filled using capsules 
or is injected around the anchor rebar to integrate the anchor 
rebar with the base concrete.  The mortar or the like around 
the anchor rebar exhibits pullout resistance for the anchor rebar 
when solidified.

Pullout resistance of a post-installed adhesive anchor depends 
on the adhesive strength of individual components of that 
anchor.  In other words, pullout resistance of an anchor rebar can 
be exhibited when the adhesive strength is expressed as intended 
at two interfaces: between the drill hole wall of the concrete 
base and the filled mortar and between the anchor rebar and the 
bonding surface of the filled mortar.

In order to exhibit the intended pullout strength for a post-
installed anchor rebar, appropriate work management such as 
control of the drill hole surface and prevention of dryout of the 
mortar filler is needed.  If such management is inappropriate, 
the intended pullout resistance of the anchor rebar cannot be 
exhibited, resulting in pullout of the whole area filled with mortar 
around the anchor in a worst-case scenario.  Occurrence of such 
behavior deteriorates performance of the post-installed anchor, 
and as a result, would degrade the reliability of the construction 
method using post-installed anchors.

In light of that, we focused on the anchoring mechanism at 
the tip using a tapered tip, instead of the mechanism that simply 
depends on bond strength, as a method to increase resistance 
with and consequently reliability of that construction method.

One idea we came up with for such an anchoring mechanism 
is a structure where taper is created at the tip of the anchor rebar.  
Eliminating bonding between the anchor rebar and the filled 
mortar allows the tensile force that acts on the anchor rebar to 
directly concentrate act on the tapered tip; in turn, the bearing 
capacity of the taper at the tip is applied to the drill hole wall.  
By converting the tensile force of the anchor rebar to the bearing 

Introduction1 capacity of the mortar filler in this way, we can effectively use 
the strength of the mortar filler and the concrete base as well as 
friction force with the drill hole wall.  That should exhibit stable 
pullout resistance of the anchor rebar without being affected by 
low-strength concrete or the condition of the drill hole wall.

In this report, we conducted tests and FEM analysis with 
an aim of clarifying the basic characteristics of the construction 
method using post-installed adhesive anchors with tapered tips.  
Based on those, we proposed a design formula to calculate the 
pullout resistance of tapered tips of anchor rebar.2)

There are past studies that dealt with anchoring mechanisms 
similar to that of the tapered tip we studied.  Those include 
studies on a pullout resistance mechanism using metal expansion 
anchor bolts3) 4) and a study on the characteristics of anchor bolts 
with undercut where a hole with a cone-shaped tip is drilled.5)  
Those studies covered tests where cone-shaped failure occurred.  
In this study, in contrast, we conducted tests and FEM analysis 
with a focus on the failure mode where slippage occurs on the 
drill hole wall while pushing out the filled mortar.

Overview of Construction Method Using 
Post-installed Adhesive Anchors with Tapered Tips2

In the usual construction method using post-installed adhesive 
anchors of ribbed rebar where the length of the anchorage is 
about 10 times of the anchor rebar diameter, filled mortar and 
anchor rebars are bonded.  Thus, with tensile force that acts on 
the anchor rebars, bonding gradually deteriorates from near the 
base concrete surface, and the anchorage length becomes shorter 
at the same time.  In such a case, the common failure mode is 
cone failure where a cone-shaped concrete mass is pulled out 
together with the anchor rebar.

Fig. 1 shows an overview of the construction method using 
post-installed adhesive anchors with tapered tips.  In this 
method, the tensile force that acts on the anchor rebar is not 
directly transmitted to the filled mortar; instead, the tensile force 
that acts on the anchor bar is transmitted to the filled mortar via 
the tapered tip because the bond around the anchor rebar was 
eliminated using grease.  Furthermore, the taper transmits tensile 
force diagonally to the filler and the base concrete.  We therefore 
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To see the effect of the tapered tip, we produced one sample 
for each of the three types.  We drilled a 36 mm diameter through 
hole in a premade concrete block, and filled mortar to position 
the anchor at the specified position.  The length of the mortar 
filler was unified at 100 mm from the larger surface (taper base) 
as the top to the smaller surface (taper neck), so as to be longer 
than the range affected by stress from tapered tip to mortar filler.  
The mortar was a ready-mix type and was mixed with 1.9 kg of 
water per 10 kg to secure the fluidity that allows injection using 
a mortar pump in any anchor direction.

The concrete block for the tests measured 600 mm × 600 mm 
× 600 mm, and was of a mix of proportions shown in Table 2.  In 
order to prevent splitting failure of the block when pushing the 
anchor into the mortar, a 180 mm diameter spiral reinforcement 
was located around the through hole and the circumference of 
the block bound with rebars.

We removed shavings from the hole wall, and then we applied 
water with a brush to the base concrete before filling the mortar 
to prevent dryout of the mortar.

assumed that the method using taper-tipped anchors would 
be a stable construction method using post-installed anchors 
even with poor drill hole wall condition and base concrete 
strength.  In this context, we aimed to change the load bearing 
mechanism that depends on bond strength and tensile strength 
to a mechanism that depends on compressive strength of filler 
and base concrete.

Outline of Tests3
3.1 Details of the Samples
In order to confirm the anchoring effect of the tapered tip, we 
carried out loading tests using model samples.  In the tests, we 
focused on the angle of the tapered tip and the strength of the 
mortar filler and the base concrete.

The samples had taper-tipped anchors as shown in Fig. 2 
and 3, and the anchors were located on the sample as shown in 
Fig. 4.  Applying the parameters listed in Table 1, we used three 
types of samples.

Sample
No.

Taper shape
Taper base
diameter D

Taper neck
diameter d

Height H

Concrete block

Dimensions

600
(per side) 

Strength

Mortar filler
Drilled hole
diameter Ø

Anchorage
length

Maximum
loadStrengthAngle θ Test item

Push-in test

Base concrete

Filler

[Drilled hole surface]
Bearing force + Friction
→Effective use of 
   strength of base 
   concrete

Tapered anchor

Anchor rebar 
(without bonding 
to surrounding walls)

Pullout force

Push in

Mortar 
filler

Concrete block
(600 × 600 × 600 mm)

Remove friction 
around anchor 
rebar (apply grease)

Table 1  Samples for Strength Check Tests

Fig. 1  Overview of Construction Method Using Post-installed 
Adhesive Taper-tipped Anchors

Fig. 2  Dimensions of Tapered Tip

Fig. 3  Shape of Tapered Tip

Fig. 4  Overview of Test Sample
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To confirm the effect of the taper angle, we adopted taper-
tipped anchors of three taper shapes.  The tapers were in the 
shape of a cone with its tip cut off.  The taper base diameter D 
was 26 mm, and the taper neck diameter d was 20 mm.  Setting 
the taper height H as the parameter, we specified the taper angles 
D/H as 1/1.0, 1/1.5, and 1/2.0.  To observe the effect of load 
transmission according to the taper shape, we applied grease to 
the cylindrical anchor rebar to remove the friction effect.

3.2 Loading Method
The anchoring mechanism using tapered tips is a mechanism 
whereby the tapered tip that is pulled into the mortar directly 
transmits tensile force when the anchor is pulled.  As the strength 
of the tapered tip was unknown, we applied loads in this test in 
the direction from the taper base to the taper neck by pushing the 
anchor into the concrete block using a hydraulic jack.

At loading, we applied load using a 1000 kN hydraulic jack at 
the base of the tapered tip.  The aim of this loading method was 
to apply tensile force of the anchor rebar directly to the tapered 
tip on the assumption that the bond of the anchor rebar is lost.  
Fig. 5 shows the testing method.

3.3 Test Results
Table 1 shows the test results, and Fig. 6 shows the load-
perpendicular displacement relation.  At the load at which the 
anchor was pushed into by around 5 mm—the early stage of 
the plastic range—the values of D/H = 1/1.0 and D/H = 1/1.5 
were almost equal, while the value of D/H = 1/2.0 was larger.  
The maximum load at D/H = 1/1.0 was 68.8 kN, D/H = 1/1.5 
86.6 kN and at D/H 1/2.0 it was 128.2 kN, showing that the 
maximum load increases as the taper angle θ decreases.  The 
reason could be that the contact surface between the taper surface 
and the filler becomes larger as the taper angle θ increases, and 
that large bearing capacity is generated on that contact surface so 
as to support a sharp angle.

After the tests, we drilled the core and took out a piece from 
the anchor to the base concrete to check the interior.  Fig. 7 
shows the piece of the sample with taper angle D/H = 1/1.5, 
and Fig. 8 shows that with D/H = 1/2.0.  With all samples, we 
confirmed behavior where the tapered tip showed resistance 
while splitting the filler.  We also observed behavior where the 
top of the base concrete was lifted.  This could be caused because 
the filler splitting by the taper pushed up the base concrete, 
proving that the split filler generated radial compressive stress.  
Fig. 9 shows the base concrete after the tests with radial cracks, 
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Fig. 7  Inside of Filler after Loading (D/H = 1/1.5)

Fig. 8  Inside of Filler after Loading (D/H = 1/2.0)

Fig. 6  Load-Displacement Curve

Table 2  Concrete Mix Proportions

Fig. 5  Testing Method
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which indicates that concentric tensile stress was generated so as 
to cause those cracks.  Cracks inside of the spiral reinforcement 
occurred about every 45º.  The shape was not axisymmetric as 
the circumference was rectangular, while axisymmetric and 
concentric tensile stress was generated evenly in the center.

FEM Analysis4
4.1 Details of the Analysis Model
In order to clarify the load bearing behavior of the taper-tipped 
anchor, we investigated by FEM analysis.

Fig. 10 shows the analysis model.  We modeled the spiral 
reinforcement, the base concrete inside of the spiral reinforcement, 
the filler, and the anchor, and we applied forced displacement 
in the direction in which the anchor was pushed in.  As cracks 
occurred about every 45º inside of the spiral reinforcement, we 
considered a 1/8 division of 45º as a block and used a 1/4 division 
symmetry model of 90º consisting of two blocks for analysis on 
the safe side.  We modeled only inside of the spiral reinforcement 
because we thought that the behavior around the anchor could 
be confirmed by modeling the area where restraint by the spiral 
reinforcement could be reproduced.  In this analysis, the spiral 
reinforcement needed to restrain only the base concrete and 
mortar within it, so the model was homogenized into a cylinder.

Table 3 shows the friction coefficient and material 
characteristics per analysis model.  Assuming the material of 
the jigs, tapered tips, anchor rebars, and spiral reinforcement 
to be steel, the models were made to be elastic bodies of an 
210,000 N/mm2 elastic modulus.  Applying the maximum 
compressive stress obtained from the element test results, the 
base concrete was made to be 31.0 N/mm2 for D/H = 1.0, 
30.9 N/mm2 for D/H = 1/1.5, and 28.6 N/mm2 for D/H = 

1/2.0, and the mortar filler was made to be 65.7 N/mm2.  The 
base concrete and mortar were set to be a bilinear elasto-plastic 
body with a stress-deformation relation where the model would 
become horizontal after plastic deformation.

In the tests, we observed behavior where perpendicular 
displacement developed while the anchor was spreading the 
mortar when being pushed in.  We thus applied a contact element 
between the taper surface and the filler and between the anchor 
rebar and the filler.  As the loading was static, we set so static 
frictional force is generated on the contact surface.  The friction 
coefficient µ was zero for the anchor rebar that lost friction due to 
the applied grease.  As the friction coefficient of the taper surface 
was unknown, we changed it to be within the µ = 0 to 1 range 
in the analysis.

The test results varied according to material, work done and 
the like, so we analyzed the load-displacement relation using 
only the taper angle θ as the parameter.  More specifically, in 
this analysis, we changed the taper angle θ only in three phases 
of D/H = 1/1.0, 1/1.5, and 1/2.0, while not changing the 
material characteristics of the jigs, taper tips, anchor rebars and 
spiral reinforcement and keeping the concrete strength, mortar 
strength, and static frictional coefficient constant as shown in 
Table 4.

4.2 Analysis Results
Fig. 11 to 13 show the relation between perpendicular reaction 
force and perpendicular displacement at the anchor base in the 
tests and the analysis.

With the friction coefficient on the taper surface µ = 0, we 
found that the gradient and load of the analysis results were 
lower than those of the test results regardless of D/H.  We also 

Interface between
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Fig. 10  Analysis Model

Fig. 9  Cracks on Concrete Block

Table 3  Analysis Conditions
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found that the load-displacement relation of the analysis results 
generally agreed with that of the test results when setting the 
friction coefficient µ = 0.20 to D/H = 1/1.0, µ = 0.17 to D/H 
= 1.15, and µ = 0.23 to D/H = 1/2.0.  Those mean that friction 
force contributes to the load bearing capacity of the anchor, 
proving that the analysis model using the friction coefficient µ as 
a parameter is applicable.

Based on the analysis results, we estimated that the minimum 
friction coefficient on the taper surface was 0.17.  It was smaller 
than the static friction coefficient 0.26 obtained in tests6) where 
the friction force between a steel plate with its surface removed 
using a grinder and mortar (compressive strength 64.4 N/mm2) 
was measured.  The reason could be that the taper surface was 
more smooth and slippery than the ground steel plate surface.

Fig. 14 shows analysis results using only the taper angle θ 
as the parameter.  The results reveal that the load reached its 
maximum at D/H = 1/2.0 and that it increased as the taper angle 
decreased.  In the range of the push length 2 mm to 10 mm 
where the gradient was mild, the reactive force at D/H = 1/2.0 

was up to 1.3 times larger than that at D/H = 1/1.0.  This 
means that, with the base and neck diameter fixed, higher load 
bearing capacity can be gained with higher taper height H and 
smaller taper angle θ.  Changing the taper angle θ did not cause 
remarkable change in the gradient of the elastic range, while that 
gradient varied in the tests.  This difference could be the result of 
the variation of the material characteristics and the allowance of 
the tools in the test.

Based on the test and analysis results, we studied the load-
bearing model of the tapered tip.  Looking at the taper, the forces 
are balanced as seen in Fig. 15.

In the figure here, F is the pullout force, R is the force at a 
right angle to the taper surface, µ is the static friction coefficient, 
and θ is the taper angle.  The equilibrium in the direction of 
pullout can be expressed by formula 1.

Formula 1
F = R sin θ + µR cos θ
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Fig. 12  Load-Displacement Curves (D/H = 1/1.5) Fig. 14  Load-Displacement Curves (only taper angle θ changed)

Fig. 11  Load-Displacement Curves (D/H = 1/1.0) Fig. 13  Load-Displacement Curves (D/H = 1/2.0)

Table 4  Analysis Conditions (only taper angle θ changed)
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When assuming that the mortar filler had plastic deformation 
on the full contact surface with the taper and the stress σ on the 
taper surface becomes equal, R is expressed as in formula 2.

Formula 2
R = σ × A

Here, A is the area of the taper.  From formulae 1 and 2, the 
pullout force of the tapered tip can be expressed as in formula 3.

Formula 3
F = σ × A × (sin θ + µ cos θ)

Substituting the yield stress of the mortar filler obtained from 
the test 65.7 N/mm2 and the static friction coefficient µ for each 
D/H obtained from the analysis in that proposed formula, R is 
38.9 N with µ = 0.20 and D/H = 1/1.0, 45.7 N with µ = 0.17 
and D/H = 1/1.5, and 71.0 N with µ = 0.23 and D/H = 1/2.0.  
When assigning those load bearing capacities in Fig. 11 to 13, 
individual results generally agree with the displacement where 
the maximum pullout force in the elastic range was generated in 
the load-displacement relation in the tests.

The proposed formula indicates that the mortar contacting 
the taper surface is fully yielded.  After full yielding, the elastic 
range of the mortar is assumed to expand to the base concrete, so 
the resistance of the mortar is expected to decrease as the elastic 
range expands, reducing the gradient of the load-displacement 
curve.  Fig. 16 shows the minimum principal stress distribution 
of the mortar filler and base concrete when the reaction force 
becomes the value calculated from the proposed formula with 
the analysis model of D/H = 1/2.0.  In the figure, the minimum 
principal stress within the range noted as the plastic range reaches 
the yield stress of the mortar, and the area is almost the entire 
surface in contact with the taper.

From the reasons explained above, we conclude that the 
proposed formula can evaluate the maximum pullout force in the 
elastic range of the load-displacement curve of the tapered tip.

Fig. 16 shows that stress also occurs to the base concrete in 
contact with the mortar, confirming that the taper generates 
bearing force.

Conclusion5
Our study can be summarized as follows.
(1)  In the tested range, failure behavior caused by the tapered tip 

was found to be behavior where the tapered tip was pulled 
out while spreading the mortar filler.

(2)  When the taper angle θ is fixed, we found that the generated 
friction force on the taper surface increases the load bearing 
capacity of the anchor.

(3)  The testing and analysis revealed that, with the base and neck 
diameter of the tapered tip being the same dimensions, the 
smaller the taper angle θ was, the larger the load bearing 
capacity became.

(4)  Based on the balance of the forces in the direction 
perpendicular to the taper and the compressive strength of the 
filler in contact with the taper surface, we proposed a formula 
that expresses the load bearing capacity of the tapered tip.
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