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Injected anchors for the seismic retrofit of historical stone
masonry buildings: in situ experimental tests
SILVERI F.1, RIVA P.2, PROFETA G.3, POVERELLO E.4, ALGERI C.5
ABSTRACT: The paper reports the results of a research on the behaviour of injected anchors in
historical masonry under cyclic loads. Monotonic and cyclic pull-out in situ tests were conducted on
historical stone masonry to analyse the response of anchors injected orthogonally to the masonry
main plane and at different heights to evaluate also the effect of different values of normal
confinement on the anchor behaviour. Moreover the tests were conducted on anchors of different
length, instrumented with strain-gauges. The aim was to investigate the loss of strength under cyclic
loads. The results allowed: 1) construction of load-displacement graphs, up to the maximum load
value (maximum strength); 2) steel bar deformation graphs on the length of the anchors at different
values of load, under cyclic loads; 3) qualitative bond stress curve, derived from the steel bar strains,
to investigate bond behavior along the bar length.
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1 INTRODUCTION
After a laboratory experimental campaign carried out on injected anchors in masonry wallets with
poor characteristics (in order to replicate a historical masonry) under cyclic loads [1], an in situ
experimental campaign on a actual historical stone masonry has been carried out to evaluate the
behavior of the injected anchors under real conditions and to compare the results with the ones
obtained during laboratory tests [1], [2], [3], [4], [5], [6], [7].
Thus, 8 cyclic pull-out tests and 1 monotonic pull-out test have been carried out on anchors injected
with cement base mortar and placed orthogonally to the main plane of a historical stone masonry with
poor characteristics. A particular strengthening system was used: anchors grouted by injecting the
grout in special socks. It consists of a flexible combination of different kinds of steel member enclosed
in a fabric sleeve (see Figure 1) into which a specially developed grout is injected under low pressure.
The injected anchor with sock is embedded inside a hole drilled in the masonry to be strengthened.
The grouting material is injected, at low pressure, coaxially with the steel reinforcement member,
through an appropriate system of injection pipes. The special sock, placed around the rebar, is
gradually filled during injection, until its complete saturation, moulding itself to the substrate shape,
thus assuring an effective bond to the masonry [1], [2], [7]. This technology, when used on a stone
masonry, can give more advantages if compared with a traditional anchor injected directly in the
masonry borehole, since the sock prevents the dispersion of the grout and at the same time it
expands filling in the interstices (typically existing in of a stone masonry), with the contribution of the
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mechanical interlock mechanism which can improve significantly the anchorage properties with
respect to what normally expected if only adhesion is considered.

SOCK

STEEL BAR
INJECTION PIPE

Figure 1. Injected anchor with elastic sock.

2 DESCRIPTION OF THE HOSTING STONE MASONRIES
The investigated historical stone masonries M1, M2 and M3 (Figure 2), are part of a farmhouse in
open court, erected before the XIX century, and located in “Gorle (BG)” in the north of Italy.
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TEST ANCHOR B2
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Figure 2. Masonries and test anchors location for cyclic pull-out test, at ground and first floor
Masonry M1 presents an irregular texture, discontinuous horizontal rows and an approximate offset of
the vertical joints. It’s made of river pebbles mixed with hewn stones (granite and limestone) of
different sizes and shapes, interspersed with brick elements of baked clay. The presence of some
through stones is quite noticeable, and their distribution is random. The original mortar was made of
lime and sand, inconsistent and quite crumbly, with joints of irregular size. The parties near the
openings have recently been ristilate with mortar apparently stronger than the existing one.
The two walls M2 and M3 have the same features and differ in the size of the thickness, both of which
stand two floors (ground floor and first floor), and above there is the presence of an attic.
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Once the plaster was removed, the walls M2 and M3 showed an irregular texture, with almost
discontinuous horizontal rows and an approximate offset of the vertical joints. Likewise wall M1, they
are constituted by river pebbles of various sizes mixed in small hewn stones of different shapes. The
presence of through stones is not found. The original mortar was made of lime and sand; it was quite
brittle with joints of irregular size.

2.1. Preliminary tests to evaluate the quality of masonries
Before proceeding to the cyclic tests it was important to assess the quality of the walls (M1, M2, M3)
hosting the anchors to be tested. To this end, we analysed the results of sonic test and penetration
test on mortar, which were previously performed on the walls M1 and M2 [8].

a

b

c

Figure 3. Details of the hosting masonries wall texture: a) Masonry M1; b) Masonry M2, the outer
side; c) Masonry M2, the inner side.
The results of the sonic tests (frequency around 20 kHz) performed on masonry M1, with values
ranging between 1280 m/s and the maximum value equal to 2295 m/s (value greatly influenced by the
presence of a big diatono), showed, on average, a masonry of low quality.
The tomographic results performed showed, in all the three analysed sections, edge effects which
increased the values of the speed in the vicinity of both the pillar and the door, and a central band
characterized by speed values higher than the average of the section, due to the presence of through
stones and/or elements of larger dimensions. In general, there is an average speed of 1400 m/s,
much lower than those typical of a good masonry (> 3000 m/s), an index that we were facing with a
wall of poor quality.
Wall M2, part of the outer perimeter wall overlooking the courtyard, is comprised between two
openings: a door and a window. The sonic tests carried out on M2 showed the following results:
 for the points in the vicinity of the shoulder of the door and the window, formed by bricks of
dimensions 25x12x5,5 cm, far higher speeds (around 1300 m/s) were measured compared to the
other points which recorded very low speed values (around 550 m/s), owing to the presence of a
mortar visibly poor and powdery and the presence of voids and cracks between the elements.
 the average speeds values measured on homologous investigated points are much lower than
those typical of a good masonry, therefore index of a low quality masonry.
 the speed values for masonry M2 shows that the wall has worst features than masonry M1.
Thus, sonic survey conducted on masonry M1 and M2, has revealed the poor quality of the materials,
in their entirety.
Then, penetration tests on masonry M1 were performed with the aim of assessing the mechanical
quality of each component in the mortar of the structural elements. Each test point was chosen to
avoid the presence of local defects (e.g. cracks, voids , etc ...), in order not to compromise the results.
The wall is made of river stones and bricks of varying sizes, arranged in irregular texture. The wall
has undergone several operations to repoint, in different areas, with different materials (lime mortar
fine-grained and cement mortar); the joint filling is made of coarse lime mortar (aggregates of river
size average more than 1 cm). In general, the penetrometric test results show that the inner layers of
9th International Masonry Conference, Guimarães 2014
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the joints are made of poor lime mortar, coarse-grained and of low quality from the third/fourth cm of
depth, in fact, all of the tests returned values very similar to each other (4-5 strokes/cm). The estimate
of the average compressive strength was performed by using the obtained values and following the
directions of previous research results [9],[10], obtaining an estimate of the value of the compressive
strength of masonry mortar in wall M1 of 0,771 MPa. [8]

3 IN SITU EXPERIMENTS: CYCLIC PULL-OUT TESTS
As a result of the tests carried out on masonry M1, M2 and M3, we came to the conclusion that the
investigated masonries are of poor quality. This will provide guidance on the interpretation of the
experimental results of the tests performed on the injected anchors, since the behavior of injected
anchors is strongly influenced by the quality of the hosting masonry.
Turning to the in situ cyclic tests, the characteristics of each injected anchor positioned as shown in
Figure 2 are summarized in Table 1. Where possible, the tests have been performed at two different
heights above ground, along the same vertical alignment, in order to evaluate how the vertical
confinement influences the test results. Considering for the walls M2 and M3 an average height of
about 7 meters and a specific weight of stone masonry approximately equal to 20 kN/m3, it was
possible to make an estimate of the axial compression (vertical confinement) acting on each anchor.
Masonry M1, instead, has an average height of about 3,5 meters.
Table 1. Test anchors characteristics
Height Axial stress Strain
Test
Hole
Hole
Bar
Anchor from
(vertical
gauges
Masonry anchor diameter length diameter length ground confinement) number
mm
mm
mm
mm
mm
MPa
A1
60 670
20
620
900
0,13
6
A2
60 620
20
570
3850
0,07
6
B1
60 670
20
400
900
0,13
5
M3
B2
60 620
20
400
3850
0,07
5
C1
60 580
20
530
900
0,13
6
M2
C2
60 480
20
430
3850
0,07
5
D1
60 370
20
320
900
0,08
0
D2
60 370
20
320
900
0,08
0
M1
D3
60 370
20
320
900
0,08
0

Typology
of pullout test
Cyclic
Cyclic
Cyclic
Cyclic
Cyclic
Cyclic
Cyclic
Monotone
Cyclic

The nine test points as shown in Figure 2 and Table 1 were therefore selected, as follow:
• anchors A1 and B1 were located in the wall M3 (perpendicular to the wall M2) on the ground floor,
about 55 cm apart from each other, but with two different lengths (as it is shown in table 1): for A1
it was chosen to use the entire length of the hole; for B1 instead it was chosen to use an anchor
length equal to the one used for the laboratory tests previously performed on brick wallets [1], in
order to subsequently make a comparison;
• anchors A2 and B2 are the counterparts of A1 and B1, but at the first floor. The test points are
located on an area completely plastered;
• anchor C1 is located on the perimeter masonry pier M2 (courtyard side) in the centre of the area
already investigated by sonic surveys, this area shows no plaster on both inner and outer faces: it
is therefore perfectly visible the internal structure of the wall and the masonry texture;
• anchor C2 is in the same position of the test point C1, at the first floor and the area is plastered;
• anchors D1, D2 and D3 are placed on wall M1 (investigated with sonic and penetration tests). The
wall is without plaster and the texture is visible. The test points are located on the ground floor, at
the same height, and the distance between them is of about 62 cm. For anchor D2, it was chosen
to perform a monotonic test rather than a cyclical one, in order to have a comparison with the data
obtained from cyclic tests on D1 and D3.
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The anchors were placed in 60mm holes of different length (as shown in Table 1) drilled in the
masonry. The anchors had 20mm diameter, and were continuously threaded stainless steel bars,
type GBOS 20/60 AISI 304, sheathed in a special textile sock. The mechanical and geometrical
characteristics of the bars are shown in Table 2.
Table 2.Geometrical and mechanical characteristics of the bar
Material

Bar
Diameter

Area

Stainless
steel
AISI 304

Dbar
[mm]
20

S
[mm2]
261

Failure
tensile
stress
ft nom
[MPa]
750

Yeld point
stress
fy nom
[MPa]
650

Minimum
tensile
failure load
Nt,s
[kN]
196

Minimum
yeld point
load
Ny,s
[kN]
170

In order to better understand the behavior of the anchor along its entire length, the anchorages in M2
and M3 (A1, A2, B1, B2, C1, C2) were instrumented with five or six strain gauges (depending on the
length), on the steel bar of each anchor. The distance between the strain gauges was defined to
maximize the comprehension of the shear stress in the section closest to the load end (where the
value is higher and presents a peak value) and with increasing distances from that point (Figure 4, an
example with 6 strain gauges, anchor A1, and one with 5, anchor B1).

TEST ANCHOR B1

TEST ANCHOR A1

a

b

Figure 4. Strain gauges position along the anchor bars to be tested: a) anchor A1, b) anchor B1

3.1. Installation and test modality
The purpose of the tests was:
• to register the maximum strength (peak) of each anchor to a succession of cycles;
• to measure the displacement of the bar at the start point of the anchor (for this purpose the reading
of the transducer at the bar head has been cleansed of the elastic deformation of the unbonded
steel bar from the point of load application to the point at the start of the mortar bulb);
• to record the deformation of the steel bar along its length (at the location of the strain gages) during
the sequence of cycles of loading and unloading, up to collapse ;
• to build the trend of the adhesion stress between the bar and mortar along the length of the
anchor, at the end of each cycle of loading and unloading;
• to observe the obtained failure mechanism;
• to compare the data of in-situ testing on stone masonry with those obtained during laboratory
experiments on brick masonry ;
• to compare, at least in one case, cyclic pull-out tests with monotonic pull-out tests, evaluating the
decay of the resistance to the application of load cycles.
The perforation was performed using a drill (Figure 5.a). Inside the holes were inserted steel bars
(with strain gauges), to which the elastic sock was fixed (Figure 5.b).
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a

b

Figure 5. a) Drilling operations, b) Anchoring system ready for injection
Once the bar was placed in the hole, mortar BCM Presstec (whose characteristics are illustrated in
Table 3) was injected in the sock through a PVC tube, with a pumping pressure system.
Table 3. BCM Presstec injection mortar characteristics
Average Compressive strength
[MPa]
at 3 days
at 7 days
at 28 days
40,90
45,30
49,20

Average tensile strength in
bending [MPa]
at 3 days
at 7 days
at 28 days
4,6
6,3
7,6

Young’s
Modulus [MPa]
at 28 days
24796

The operation of injection (Figure 6.a and 6.b) was deployed with a constantly monitoring of the
weight of the injected grout, and continuing until the stabilization of the weight of the tank.

a

b
c

Figure 6. a) Pumping system, b) Injection phase, c) Instrumentation and system installed
In order to ensure a sufficient maturation, the testing phase was carried out after 28 days.
The in situ test bench (Figure 6.c) was realized as follow:
a) a steel beam placed against the wall was used as reaction structure, so as to create a selfbalanced system, verifying that the distance between the support points did not inhibit the possible
extraction of the masonry cone;
b) for the extraction step, the following equipment was used:
• hydraulic jack positioned in line with the anchor axis (Maximum force 30 tons ~ 326 kN, hole
33,3 mm, external dimensions 114 × H 178 mm, stroke 64 mm, weight of ~ 10,9 kg, max.
pressure 700 bar), leaning against the contrast steel beam and connected to the bar to be
pulled out (with a system of plates and nuts, Figure 6.c);
• The jack is connected to a manual pump (700 bar);
• load cell (50 ton.), positioned on the bar, for the measurement of the applied load.
The extraction system was finally locked by means of a plate and a nut tightened to the rear end
of the jack;
c) Two transducers were used (with a stroke of 50 mm) fixed to the ground by means of trestles, in
order to have an absolute reference system, for the measurement of the displacement:
• at the free end of the steel anchor;
• at the wall (when possible) in a position close enough to the hole;
d) For the execution of the measures, a digital data acquisition system composed of a personal
computer (PC) connected to the control unit acquisition/conversion (up to 16 channels) was used.
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The experimental phase was conducted under force control by applying load values starting from 5
kN, 10 kN and subsequently with increments of 10 kN up to the achievement of a maximum load at
the failure mechanism (therefore the observation of a plateau with more or less constant load and
increased displacements), with three cycles of loading and unloading (to 0 kN) for each value of the
applied force. Figure 7 summarizes the cycles performed on each anchor up to collapse.

Figure 7. Loading history for the cyclic tests performed

3.2. Test results and considerations
Before considering the behavior of the anchors at the succession of load cycles, it’s interesting to
examine the general behavior of the various anchors with reference to the maximum load recorded.
All the anchors showed a failure mechanism on the masonry side, with clear cracks and, where
visible, the extraction of blocks of stone.
Figure 8 reports, as examples, the crack patterns relative to anchorages A1, B1 and C1.In C1, given
the absence of the plaster, it can be observed (Figure 8.c) the separation of stones and/or parts of the
material and the opening of new cracks. It can be concluded that the failure mechanism is on the
masonry side, with the creation of a sort of cone of rupture.
In other cases (as for example A1, and B1), where the plaster was present, large cracks were
observed in the points of rupture of the masonry (with evidence of the formation of a cone of rupture),
as illustrated in Figure 8.a and 8.b.

a

b

c

Figure 8. Crack patterns, after cyclic pull-out test: a)anchor A1, b) anchor B1, c) anchor C1
Table 4 summarizes the main results for each test; the table reports the maximum load achieved at
the point of failure and the relative shear stress (strength) at the two shear surfaces, one at the
interface between the sock and the borehole, and the other one between the steel and the grout
injected. The shear strength was considered as a nominal value, obtained from the tensile force
divided by the two shear surfaces.
Table 4. Main results on the tested anchors (maximum load and shear stress on the two interfaces)
9th International Masonry Conference, Guimarães 2014
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Masonry

M3

M2

M1

Max bar
displacement
at the load
bulb end



hole bar

kN

mm

MPa MPa

Test
Axial stress Typology
anch Anchor
(vertical
of pull-out Maximum
or
lenght confinement)
test
Load
mm

MPa

A1

620

0,13

Cyclic

49,29

5,90

0,42 1,27

A2

570

0,07

Cyclic

30,32

3,98

0,28 0,85

B1

400

0,13

Cyclic

45,65

11,02

0,61 1,82

B2

400

0,07

Cyclic

30,02

8,60

0,40 1,19

C1

530

0,13

Cyclic

53,20

14,93

0,53 1,60

C2

430

0,07

Cyclic

29,71

4,66

0,37 1,10

D1

320

0,08

Cyclic

40,40

4,84

0,67 2,01

D2

320

0,08

Monotone

45,74

5,92

0,76 2,28

D3

320

0,08

Cyclic

26,25

2,44

0,44 1,31

The first remarks are:
• In anchor A2 it is observed that the lower confinement (about half) and the lower length (50 mm
less than anchor A1), has led to obtain a decrease of the resistance value, in terms of peak load,
equal to 38%. It is not easy to define which percentage is due to the lower confinement and which
one to the lower anchorage length, but looking at the results of anchors B1 and B2 (which have the
same length of 400 mm and are placed in the masonry M3 in the same position as A1 and A2), this
doubt can be clarified. In fact, it can be observed that B2, with a smaller degree of confinement
(about half) and the same length compared to B1 has reached a peak load of 34% smaller;
• these results lead to consider that the confinement, on the contrary to what observed during
laboratory tests on brick masonry, has a relevant influence for this type of stone masonry;
• with reference to anchorages C1 and C2, with different degrees of vertical confinement and length,
it can be observed that the peak value obtained for anchor C2 (with minor confinement and lower
length of 100 mm compared to C1) is 44 % lower compared to that obtained for C1;
• regarding anchors D1, D2, D3, it’s possible to make a comparison between the average of the two
values obtained in the cyclic tests (D1 and D3, average 33,32 kN) and the value obtained with the
monotonic pull-out test, having all the same lengths of 320 mm and the same value of axial force
given by the vertical confinement: it is observed, with the application of cyclic tests, a 27%
reduction of the peak load compared to the results of the monotonic test.
Since the length of anchors B1 and B2 was chosen exactly equal to the one used for the cyclic and
monotonic laboratory tests on anchors positioned in brick wallets [1], it is possible to make a
comparison between the results obtained for anchor B2 and the anchors tested in laboratory with the
same characteristics (length, bar diameter, hole diameter, type of injected mortar, vertical
confinement). Table 5 summarizes the results relating to comparable anchorages (on stone masonry
and on brick wallets); it is observed that the test on the stonework (of poor quality) exhibited a 24 %
reduction resistance (in terms of maximum load during cyclic tests) compared to that performed in
laboratory on brickwork, also with low features, but obviously higher than those of stone masonry.
These results also confirm that the quality of walls is essential to have a good behavior of the anchor
object of study, especially in the presence of cyclic stresses (such as seismic) which lead to an
acceleration of the damage to the masonry.
However, it’s possible to observe that even a greater length of the anchor (see the test results in
Table 4 of the anchor A2) did not give benefits with such a confinement (the maximum load value is
practically equal to that of B2).
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Table 5. Comparison between cyclic pull-out tests performed on anchors injected in real stone
masonry (in situ) and in brick masonry (in laboratory)

Test anchor

In situ tests: anchor B2
in real stone masonry
Laboratory tests:
average of anchors in
brick masonry

Axial stress
Anchor
(vertical
Typology of
length confinement) pull-out test

Maximum
Load

 hole

 bar

kN

MPa

MPa

mm

MPa

400

0,07

Cyclic

30,02

0,40

1,19

400

0,06

Cyclic

39,34

0,52

1,57

It’s possible to see that with a higher degree of confinement (comparing anchor A1 with B1, inserted
in the same masonry with vertical confinement equal to about 0,13 MPa, but with different lengths) the
increase in the anchorage length (from 400 mm to 620 mm) leads to an 8% increase of resistance.
This shows, even if the improvement is not relevant, that the greatest degree of vertical confinement
in this type of walls, leads to an improvement of the behavior of the anchor. In particular, the
adherence is best developed on the length of the anchor providing a residual capacity which opposes
to the extraction.
Analysing in detail the behavior under cyclic loading for each anchor, the force-displacement graphs
under the execution of the cyclic loads (Figure 9 example of anchor A1) was constructed.

Figure 9. load-displacement graph during cyclic tests – anchor A1
The two curves represent the hysteresis loop with displacement of the wall measured at 40 cm
distance from the bulb (green curve) and with displacement measured on the steel bar at the starting
point of the anchor mortar bulb (blue curve). In both cases it can be observed that the increase of the
load increases the residual displacement, as well as the number of cycle for the same value of
applied load. From the acquired data it’s possible to note that the system was able to withstand five
load values (from 5 kN to 40 kN, with three cycles of loading-unloading each), reaching a maximum
value of strength at 49,29 kN (from that point the load is decreased with the evident collapse of the
system), recording a residual displacement in the steel bar of 5 mm.
Analysing the response of the anchor along its length, it can be observed, in the graph of Figure 10,
the pattern of deformations (read by the strain gauges) along the bar recorded after the end of each of
the three steps for each load cycle, up to the maximum load.
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Figure 10. In situ test results: strains read by the strain gauges along the steel bar at each cycle of
loads application, on anchor A1 injected in stone masonry in situ.
It can be observed a singular behavior if compared with the one observed during testing on brick
masonry in laboratory [1]. With the exception of the first cycle at 5 kN (where there is the same
behavior observed in laboratory with the curves at the end of each load step practically coincident and
the value of the deformation decreases with the increasing of the anchor depth), from the second
cycle at 10 kN, the second strain gauge begins to record deformations greater than those read from
the first one, placed nearer the surface. This shows that, in a section before the positioning of the
second strain gauge, a damage occurred in the bulb interrupting the continuity with a partial
"discharge", and so that the axial stress  next to the second strain gauge grows and leads to a
greater deformation in the steel bar. Starting from the 4th cycle (at 30 kN), the same phenomenon is
also observed in the third strain gauge, recording a deformation greater than the one read by the
second, still a symptom of damage in the bulb with the interruption in the continuity also in a deeper
area. In general, the graph in Figure 10 shows that the system has suffered more evident damages
than those observed in laboratory tests on brick masonry, demonstrated by the fact that it can be
seen a more irregular graph than the one observed for example for the bulb tested in laboratory and
represented in Figure 11. It should also be noted that the expansion of the sock in the masonry may
have led to a greater interlocking (compared to brick masonry) at some points of the hole, a
phenomenon which may have led to the irregularities described above (with the evidence of points
where shear stress concentrate) .

Figure 11. Laboratory test results: Strains read by the strain gauges along the steel bar at each cycle
of loads application, on anchor A1 injected in brick masonry in laboratory.
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Figure 12 shows the trend of shear stress along the bar with increasing load (shown at the end of the
third step of each cycle of the applied load), calculated as the average values in the sections between
the strain gages.

Figure 12. Average shear stress along the steel bar at the end of the third step of application of each
load.
Despite the reported shear stresses are not punctual values - as they are obtained making the
force/stress balance on the part of bar between two strain gauges, and the average value is then
placed in the central point of this part of bar- they can give a good evaluation of the overall behavior
along the length under load changes, showing that at 5 kN the trend is regular (as also observed from
Figure 10) and exhibits a peak in the first stretch, closer to the loaded end. Increasing the load (10
kN) in the second portion it is observed an irregular stress trend, due to the fact that the second strain
gauge reads a strain greater than the first, and then resumes a regular pattern. Starting from 20 kN, it
can be noticed that in the second part of the bulb (starting from 100 mm from the surface, where it
can be observed that the behaviour became regular again) there is a recession of the peak, due to a
probable damage in the masonry, which is constantly accentuated at the increase of load. This shows
that the adhesion stresses move gradually towards the deepest part of the bulb, as the part near the
surface is probably damaged and is no longer able to support high shear stresses. At the "collapse"
value, it can be noted that the curve moved in the deepest end of the bulb and the stresses are still
quite relevant, an index that the length was not sufficient to fully exploit the phenomenon of adhesion.

4 CONCLUDING REMARKS
Regarding in situ experimental tests here illustrated it can be concluded that:
• Cyclic pull-out tests have provided the load-displacement graphs from which the ultimate shear
strength of the anchors is derived. From the results it was observed that in a masonry of poor
quality, the load cycles accelerate the damage leading to ultimate values (or peak) lower than the
ones observed on brickwork in laboratory, also despite the increased resources offered by the
interlocking phenomenon which was not developed during laboratory tests.
• In particular, it is noted that in this type of masonry the vertical confinement (which obviously allows
the activation of the adhesion phenomenon governed in this case by attritive properties) is an
important resource for the final strength of the anchor and that, in general, even greater anchorage
length cannot compensate the reduced vertical axial stress. It is indeed observed that the presence
of a floor wall overlying (passing from a confinement equal to 0,07 MPa to a confinement of 0,13
MPa) leads to an increase in resistance (maximum load value at failure) equal to about 50-60%
(while it was observed during laboratory tests on brickwork that an increase of the confinement
9th International Masonry Conference, Guimarães 2014
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from 0,05-0,1 MPa to 0,2 MPa improved performance only by 30%)[1]. It should however be
pointed out that the positioning and the injection of the anchor in laboratory was carried out without
the presence of vertical confinement, which has only been applied during the testing phase, and
therefore occurred at maturation of the mortar.
• This leads to think that in a poor quality stone masonry the injected anchors studied may find their
effectiveness when placed at a level ensuring a confinement which allows the activation of the
adhesion phenomenon. To this end, it is suggested, before the application of the anchor, to
proceed to an in situ pull-out test, as already suggested by previous research works [2], but paying
attention, where possible, to place the test anchor to a height comparable with that of the
subsequent installation.
• Comparing the result of monotonic pull-out test performed on anchors of length equal to 320 mm
and with axial stress (vertical confinement) estimated equal to about 0,08 MPa, with the results of
cyclic pull-out tests performed on anchors with the same characteristics, it can be observed that
the application of load cycles leads to a 27% reduction of the max. resistance (max. applied load).
• Comparing this reduction with the one observed in laboratory tests on anchors in brick wallets with
a length of 400 mm and vertical confinement of 0,06 MPa, where it was observed a reduction of
32% comparing monotonic with cyclic test results, it can be observed that both the reduction are
comparable (around 30%).
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