
 

 536 

 

DETERMINATION OF FIXING LOADS FOR PLASTIC ANCHORS SUBJECT  
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Abstract. One of the most important indices of masonry walls is their capability to carry the loads arising from vari-
ous building elements, constructions, heating equipment, household things etc. fixed to outer or inner surfaces of 
walls. These loads should be also carried by plastic anchors used for this purpose. 
This article deals with the investigations on determination of loads arising during pulling of plastic anchors from ce-
ramic and silicate masonry units made in Lithuania, considering their macrostructure, voidage, thickness of partitions 
inter voids etc. 
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1. Introduction 

In the course of construction, the enclosures of 
buildings are additionally heat-insulated, windows and 
doors inserted, systems of heat-insulation, ventilation, 
water-supply, sewage and lighting installed. Later the 
premises are furnished with pictures, mirrors, cabinets 
hanging them up on walls. Having this in mind, the fas-
tening elements should be reliably fixed on masonry 
walls. The building industry widely uses different fasten-
ing systems containing an additional compensatory ele-
ment to join bolt with masonry work, namely plastic and 
metal anchors, which are put or hammered into previ-
ously drilled holes. The metal anchors are able to carry 
much heavier loads, however, they are more costing and, 
therefore, are used only in the crucial structural elements 
to fix bolt in materials of high strength, e.g. concrete 
(Eligehausen et al. 2006; Solomos and Berra 2006; Tan et 
al. 2003). In the masonry work of lesser strength, the 
crucial details can be fixed using the compensatory ele-
ment, a chemical spray substance, into which the fixing 
bolt or screw is put in. After hardening of the substance, 
the anchored bolt or screw has a much greater contact 
with masonry element. In this way the admissible contact 
tensions per area unit of masonry element are reduced. 
For fixing of bolts-anchors in the masonry units of high 
voidage, mesh-type cylindrical inserts are used, and these 
inserts are put into drilled holes and filled with chemical 
substance where the fastening bolt is fixed. Thus less of 
high costing chemical substance is used, since the mesh 
prevents the chemical substance from flowing out to in-

ner voids of masonry element (Fischer fixing systems 
2008). 

Most popular are anchors with plastic bushes. The 
principle of their operation lies in that the plastic bush is 
hammered into the drilled hole and afterwards, while 
screwing the bolt, is expanded- deformed and in this 
manner pressed to the surface of hole. The plastic bush 
fixes the fastening element due to the frictional force, 
which appears between it and masonry unit (Algin 2007; 
Pregartner and Eligehausen 2007).  

This study tackles one of the technical indices, 
which characterizes masonry units, i.e. their ability to 
carry the fixing part of fastening elements without disin-
tegration.  

Currently in the market of construction many com-
panies present a long line of fastening elements. All 
manufacturers of fastening details provide the versions of 
their application considering strength characteristics of 
masonry units (Fischer fixing systems 2008; Sormat 
2008; Hilti 2009). 

The operational properties, i.e. density and compres-
sive strength, of ceramic and silicate solid units made in 
EU and Lithuania are almost equal (density from 1750 to 
1800 kg/m3, compressive strength of class 20 and higher). 
To reduce the density of units, perforated bricks of differ-
ent voidage are produced. Gradually the transition to 
building blocks of greater dimensions took place where 
the thickness of partitions between voids decreased to 
7 mm. The voidage of such units can reach even 50 %. 
The density of a ceramic sherd also changed. Thank to 
technological improvements, porous ceramics came into 
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life with density (net density) of 1480 kg/m3. This al-
lowed producing ceramic blocks of lightweight construc-
tion with gross density decreased from 950 to 650 kg/m3, 
and the class of compressive strength of blocks even in-
creased from 10.0 to 12.5. 

The voidage of units contributed to reduction of di-
rect contact area between lateral surfaces of block and 
thereby to increase of thermal resistance of unit. How-
ever, thinned partitions between voids in the hollow 
block, made a negative influence on fixing reliability of 
plastic anchors. 

The most precise data on ability of a particular ma-
sonry unit to withstand the pulling of specific anchors 
may be obtained by experimentation. Various techniques 
are created for determination of admissible loads of an-
chor pulling force (Hilti 2009; Cahrour and Ohtsu 1995; 
Etag 2006a ÷ f). Many companies (Fischer fixing systems 
2008; Sormat 2008; Hilti 2009) provide catalogues of 
fastening systems with indication of spheres of their ap-
plication and admissible (recommended) pulling (drag-
ging) forces, irrespective of degree of voidage and geo-
metrical configuration of voids in masonry units. 

The goal of our study is to obtain as precise as pos-
sible data on admissible pulling loads for plastic anchors 
in masonry works of different voidage. The performed 
experiments will help evaluate more correctly the ability 
of units to carry loads without disintegration, making use 
of calculated precautionary strength factor. 

2. Materials and methods 

2.1. Materials 

Masonry units. At determination of admissible loads 
for fastening elements, different masonry units were used, 
i.e. blocks KERAPORAS (KS 25+D and L) of different 
voidage from the private company UAB ROKŲ 
KERAMIKA; perforated bricks (KSP15) from the private 
company UAB ŠVENČIONIŲ KERAMIKA. Out of 
ceramic bricks produced in Lithuania, the bricks of mark 
M15 were selected, as their voidage is close to that of 
block KS 25+D, while bricks of mark M20 are consid-
erably stronger. 

For comparison, the units from the private company 
UAB MATUIZŲ PLYTINĖ were tested as well (block 
SILIBLOKAS M-12). The characteristics of used ma-
sonry units are provided in Table 1 and their photos in 
Fig 1. 

Fastening details. In the study plastic anchors were 
used as recommended in the catalogue of the firm 
FISCHER (Fischer fixing systems 2008), according to 
their purpose (Fig 2). Their nomenclature and purpose are 
provided in Table 2.  

2.2. Methods 

For pulling of plastic anchors, the device from the 
Italian firm, CONTROL 58-C0215/T, was used. To this 
end, in the masonry units, holes were drilled with diame-
ter to fit diameter of plastic pins, at a depth of drilling 
specified in the description of experiment. Afterwards the 

fixing bolts were screwed into these pins at a depth to 
keep the distance between lower plane of bolt head and 
surface of masonry unit about 15 mm. This was done to 
fix bolt heads in the retention pin of the device CON-
TROL. The pullout tests of anchors were performed by 
Etag 2006d scheme. The details FIF A-8 (“mushrooms”) 
used for fixing of the heat-insulating layer were fixed in 
such a way as to have the plane of ‘mushroom’ head dis-
tanced from the surface of masonry unit by 140 mm what 
corresponds to thickness of the heat-insulating layer. 
During pulling of “mushrooms”, a special grip-retention 
pin was used. 

For each series of tests, 12 samples were prepared 
(for testing of blocks – 4 pieces with 3 uniform fixed 
plastic anchors in each block; for testing of bricks – 6 
pieces with 2 anchors), keeping the distance of 150 mm 
between adjacent anchors. 

For fixing of bushes, in the masonry units holes 
were drilled in the typical weakest points, subject to 
geometrical arrangement of holes and partitions in the 
unit. The points of drilling for each particular masonry 
unit are indicated in the experimental part. 

For the procedure of pulling and calculation of 
loads, the methodical requirements were applied (Fischer 
fixing systems 2008; Etag 2006b, 2006c, 2006d; 2006e). 

 

 
Fig 1. Masonry units: a and b – blocks KERAPORAS;  
c and d – perforated bricks; e – block SILIBLOKAS  

 
Fig 2. Fastening details from the firm FISHER: 1 – 
SXR 10×60; 2 – FUR 10×80; 3 – FIF–A–8; 4 – UX–8; 
5 – UX–10; 6 – SXS; 7 – FUR 8×80 
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Table 1. Characteristics of used masonry units 

Manufacturer Masonry unit 
Voi-
dage, 
in % 

Thickness of 
partitions, in 

mm 

Gross/net 
density, in 

kg/m3 

Class of compres-
sive strength 

UAB “Rokų keramika” 
Block KERAPORAS 

KS25+D 
Block KERAPORAS L 

41.7 
49.0 

9–15 
6–9 

890/1520 
670/1500 

10.0 
15.0 

UAB “Švenčionių 
keramika” 

Perforated bricks KSP15 25.7 10–15 1350/1820 15.0 

UAB “Matuizų plytinė” SILIBLOKAS M-12 – 35 1419/1732 15.0 
 
 
Table 2. Purpose of fastening details 

N/N Plastic anchors Purpose 

1. 
SXR 10x60 For fixing of ventilated facades 

2. FUR 10x80 For fixing of ventilated facades 

3. FIF A-8 For fixing of heat-insulating layer 

4. 
UX-8 For fixing of cabinets and shelves 

from inside 

5. 
UX-10 For fixing cabinets and shelves 

from inside 

6. 
SXS 10x60 For fixing of door and window 

casings 

7. 
FUR 8x80 For fixing of door and window 

casings 
 
At calculation of an admissible load, in each case 

average values were calculated for disintegrating force, 
average square deviation and characteristic load at fractile 
of 5 % .The following formula was used for calculation 
of the characteristic load (Etag 2006b): 

 ,skFF UK ⋅−=      (1) 

where FK is characteristic load in kN; FU is disintegrating 
(ultimate) load in kN; k is coefficient the value of which 
is subject to sample number (n); in our case n = 12 and 
k = 2.5; s – average square deviation. 

According to (Etag 2006c), the obtained values of 
characteristic loads were rounded down to 0.5; 0.6; 0.9; 
1,2; 1.5; 2; 2.5; 3; 3.5; 4. 

The value of the admissible load was calculated ac-
cording to the following formula: 
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where Fr is admissible load in kN; γM is partial precau-
tionary strength factor of a respective material (at pulling 
of plastic anchors γM = 2.5); γF is precautionary strength 
factor subject to obtained value of distributed disintegrat-
ing load (mostly equal to 1.4) (Etag 2006c). 

Therefore, the result of multiplying γM . γF equals to 
1.4 × 2.5 = 3.5. However, for evaluation of mounting 
deviations provided in the FISCHER catalogue (Fischer 
fixing systems 2008), it is recommended to apply a 
higher value of precautionary strength factor, namely 5. 
Therefore, for determination of admissible load, the 
rounded value of characteristic load should be divided by 
5. 

It should be noted that at fixing of plastic anchors, a 
particular heed should be paid to drilling of holes. They 
should be drilled strictly perpendicularly to surface of 
masonry unit and their diameter should precisely corre-
spond to that of anchor. The results of determination of 
pulling loads depend greatly on quality of this procedure. 
The techniques for fixing of anchors are set forth in the 
requirements of ETAG (Etag 2006b; Etag 2006c; Etag 
2006d). 

3. Summing-up and discussion of results of study 

Before describing of obtained results of experiments, 
the nuances of detail fixing in the masonry units under 
investigation should be highlighted separately, as well as 
the particularities of structure of masonry units them-
selves should be discussed. For fixing of anchors, one or 
more variants of fixing are possible, subject to geometri-
cal arrangement of voids and partitions in the unit. For 
instance, to embed the details SXR-10x60 in the block 
KERAPORAS L, the plastic anchors can be fixed in one 
partition or in two partitions of block (Fig 3). 

 

 
Fig 3. Variants of arrangement of fastening details in 
the block KERAPORAS L (length of plastic pin of 60 
mm):  1 and 3 – in two partitions of block; 2 – in one 
partition of block. 

 
At fixing of details in the masonry units, we ob-

served the principle to say that anchors should be fixed at 
the weakest point of unit, i.e. in order to obtain the least 
values of loads. 
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Basing on this principle, the weakest and strongest 
chains in other masonry units (blocks KERAPORAS 
KS25+D and SILIBLOKAS and perforated bricks 
KSP15) are shown in Fig 4. 

 

 
a 

 
b 

 
c 

Fig 4. Strongest and weakest chains of masonry units: 

a – KERAPORAS KS25+D; b – perforated brick 
KSP15; c – SILIBLOKAS M-12; 1 – weakest chain;  
2 – strongest chain 

 

It should be noted that the pulling force is influenced 
not only by thickness of walls in the units, but also by 
macrostructure of masonry unit itself. The differences in 
structure of units may be clearly seen in Fig 5. 

 

 
a 

 
b 

 
c 

Fig 5. Structure of masonry units: a – block KERAPO-
RAS; b – perforated brick; c – SILIBLOKAS:  1 – ce-
ramic sherd; 2 – pores; 3 – sand grains. 
 
In the structure of sherd KERAPORAS (Fig 5 a) the 

pores are oblong-shaped (up to 0.5 mm long), meanwhile 
the sherd of ceramic brick (Fig 5 b) is characterized by 
fine-pored structure where irregular-shaped pores are 
smaller by about 10 times (~ 0.05 mm). The structure of 
KERAPORAS is composed of burnt clay and looks ho-
mogenous, while in the photo of structure of perforated 
brick we can see sand grain insertions as well. On ac-
count of the mentioned above, the density of ceramic 
sherd (see Table 1) is higher by 1.2 times than that of the 
block. The compressive strength is changing accordingly. 

The structure of silicate block is made of compacted 
insertions of sand grains (Fig 5 c), which are closely in-
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terconnected by cementing material of calcium hydrosili-
cates.  

Therefore, at pulling of plastic bushes from masonry 
units, the consideration should be taken of degree of voi-
dage in the units, thicknesses of partition inter voids and 
particularities of structure. 

The parameters of fixing of plastic anchors in the 
masonry units are provided in Table 3. 
 
Table 3. Parameters of fixing of plastic anchors 
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SXR 10x60 10 70 60 50 7×69 

FUR 10x80 10 90 80 70 7×85 

FUR 8x80 8 90 80 70 6×85 

SXS 10x60 10 70 60 50 7×69 

UX-8 8 60 50 50 5×70 

UX-10 10 75 60 60 6×85 

FIF-A8/140 8 35 175 35 4×140 

 

3.1. Fixing of ventilated facades 

In this experiment the fastening details SXR 10x60 
and FUR 10x80 were used. 

The performed tests confirmed the fact that disinte-
gration of masonry units, which manifests itself during 
pulling of anchors, is subject to structure of material and 
fixing manner of plastic bushes. 

While pulling of anchors SXR 10x60, disintegration 
and splitting of masonry units was observed (Fig 6). 
However, the character of disintegration was different. 

The perforated brick KSP15 and SILIBLOKAS M-
12 split into pieces (Fig 6, b and c), while in both blocks 
of KERAPORAS a ceramic layer split away around the 
pulled pin (Fig 6, a). The top area of disintegrated layer in 
KERAPORAS KS+D was ~3600 mm2, meanwhile in 
KERAPORAS L only about 100 mm2 of area is disinte-
grated. Such difference in disintegration is predetermined 
by structure of units (different porosity, net density and 
thickness of partitions of ceramic sherd and strength 
characteristics of masonry units). 

At pulling of anchor bolts FUR 10x80 from ceramic 
masonry units (KERAPORAS L, perforated brick KSP 
15), their carrying ability is as high as load of 1.75±2.80 
kN. The plastic bushes go out up to 5 mm, and then they 
deform and disintegrate (Fig 7). 
The values of disintegrating, characteristic and admissible 
loads are provided in Fig 8. Data (Fig 8a) show that at 
pulling of fixed anchors SXR 10x60 from the block of 
new construction (KERAPORAS L), the values of disin-
tegrating loads (1.45 kN, Column 1) are lower by 1.25 
times than those of the block of old construction KS 
25+D (2.24 kN, Column 9). That may be explained by 
lower thickness of partition walls, lower gross density 
and greater voidage in the block KERAPORAS L (Ta-
ble 1).  

 
 a           b 

 
c 

Fig 6. Disintegration of masonry units after pulling of 
details SXR 10x60: a – KERAPORAS KS 25+D,  
b – SILIBLOKAS M-12, c – perforated brick KSP15;  
1 – anchor, 2 – anchor fixing hole. 

 
 

 
Fig 7. Deformed plastic pins after experiment 

 
The respective values of perforated bricks (Col-

umn 5) versus the block KS 25+D (Column 9) are higher 
by 1.5 times not only for greater thickness of walls, but 
also for greater net density, i.e. the density of ceramic 
sherd itself (KERAPORAS KS 26+D – 1520 kg/m3, per-
forated brick – 1830 kg/m3). The maximal loads belong 
to SILIBLOKAS, where minimal thickness of partition 
wall is 35 mm, and density of silicate concrete reaches 
1730 kg/m3). While comparing the obtained loads and 
admissible loads provided in the FISCHER catalogue, 
one can observe that the values for bricks KSP-15 in the 
FISCHER catalogue are higher by 24.4 % than experi-
mentally calculated admissible values (Fig 8a, Columns 7 
and 8). Therefore, the tests with bricks were repeated 
using plastic anchors FUR 10x80. These anchors were 
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also used with blocks KERAPORAS L, where the differ-
ence between the values, calculated and provided in the 
FISCHER catalogue, made only 0.04 kN (Fig 8a, Col-
umns 3 and 4).  
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Fig 8. Values of pulling loads of plastic anchors SXR 
10x60 (a) and FUR 10x80 (b), meant for fixing of ven-
tilated facades, from the following masonry units: 

I – KERAPORAS L; II – brick KSP15; III – 
KERAPORAS KS 25+D; IV – SILIBLOKAS 12; 1, 5, 
9 and 13 – disintegrating load; 2, 6, 10 and 14 – char-
acteristic load; 3, 7, 11 and 15 – calculated admissible 
load; 4, 8, 12 and 16 – admissible load according to 
the FISCHER catalogue. S – average square deviation, 
kN  

 
The obtained results showed that the obtained ad-

missible load values for bricks KSP-15 were somewhat 
higher than those provided in the FISCHER catalogue 
(Fig 8b, Columns 7 and 8). For this reason, at fixing of 
ventilated facades to wall of masonry units KSP-15, it is 
more expedient to use FUR 10x80, and in case of blocks 
KERAPORAS L, the plastic anchors SXR 10x60. 

3.2. Fixing of heat-insulating layer 

For heat-insulation of outer walls, mostly used are 
panels of mineral wool or expanded polystyrene. Plastic 
anchors of “mushroom” type are used for their fixing, e.g. 
FIF A-8/140. By this anchor, the heat-insulating layer, up 

to 140 mm thick, may be fixed to wall. However, during 
pulling of anchors FIF A-8/140 fixed in the masonry 
units at a depth of 35 mm, it was noticed that heads of 
“mushrooms” are deforming at a load of 0.55 kN, while 
the anchors themselves remain fixed in the unit (Fig 9). 

 

 
Fig 9. Picture of fixed detail FIF A-8/140:  
1 – before experiment; 2 – after experiment. 

 
Using the formula (1) provided in the technique and 

evaluating the experimentally obtained average value of 
square deviation (0.05 kN) and the precautionary strength 
factor (γ=5), we receive that the admissible design load 
value of one “mushroom” is the following: 

 kNFr 085.0
5

05.05.255.0
=

⋅−

=
. 

The final number of “mushrooms” to be used for fix-
ing of heat-insulating layer depends on 1 m2 mass of 
heat-insulating system. 

3.3. Fixing from inside 

For fixing of lightweight objects (curtain holders, 
cable channels, lamps, mirrors, lightweight cabinets etc.), 
mostly used are plastic pins of type UX. When bolts UX 
are being pulled from masonry units, one can observe 
movement of pins in the samples, but masonry units re-
main without any traces of disintegration. 

The obtained results show that the blocks 
KERAPORAS can carry loads of 0.85 – 0.95 kN, the 
bricks KSP-15 – load of 1.31 kN, and SILIBLOKAS M-
12 of 2.67 kN when the plastic anchors UX-8 are used 
(Fig 10 a, Columns 1; 5; 9 and 13). Using anchors of type 
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UX-10, the loads are respectively 1.37-1.48 kN for blocks 
KERAPORAS, 1.92 kN for bricks KSP-15 and 3.45 kN 
for SILIBLOKAS (Fig 10 b, Columns 1; 5; 9 and 13). 
Comparing the data of Fig 10 a and Fig 10 b, one can 
maintain that for fixing of heavy objects (kitchen cabi-
nets, hot-water radiators etc.) from inside, it is better to 
use plastic anchors of type UX-10 of greater diameter, the 
admissible loads of which are higher by 16.6 % and more 
(Fig 10 b, Col. 15 and Fig 10 a, Col. 3) than those appear-
ing with plastic anchors UX-8 of smaller diameter. 
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Fig 10. Loads of plastic anchors UX-8 (a) and UX-
10(b), meant for fixing from inside, when pulled from 
the masonry units: I – KERAPORAS KS 25+D, II – 
KERAPORAS L; III – brick KSP-15; IV – SILIBLO-
KAS M12; 1, 5, 9 and 13 – disintegrating load; 2, 6, 
10 and 14 – characteristic load; 3, 7, 11 and 15 – cal-
culated admissible load; 4, 8, 12 and 16 – admissible 
load according to the FISCHER catalogue. S – average 
square deviation, kN  

 

3.4. Fixing of door casings and insert frames 

The points for fixing of door casings to masonry 
units are shown in Fig 11. According to the FISCHER 
catalogue, the plastic anchors FUR 8x80 are fitter for 
fixing to masonry walls of higher degree of voidage. In 

case of silicate blocks, the anchors SXS 10x60 are rec-
ommended. 

When pulling anchors FUR 8x80 from the block 
KERAPORAS L, the obtained values of loads were al-
most equal (1.05–1.08 kN), irrespective of the point of 
fixed detail. At a load of 1.05 kN, the pins started mov-
ing. The analogous facts were observed in case of 
KERAPORAS 25+D and perforated brick as well, only 
here the movement of pins started at loads of 1.18 and 
1.55 kN, respectively. No traces of disintegration of ma-
sonry units themselves were observed. 

 

 
Fig 11. Points for fixing of door casings to masonry 
units: 1 – KERAPORAS KS25+D; 2 – KERAPORAS 
L; 3 – perforated brick KSP15; 4 – SILIBLOKAS  
M-12. The depth of fixing of pins is marked by black 
lines 

 
Much higher forces were applied for pulling of an-

chors SXS 10x60 from SILIBLOKAS M-12. The disinte-
grating loads of samples during pulling were as high as 
3.85 kN. At such a load, in three blocks bolts partially 
went out of pins, and in the fourth sample the block disin-
tegrated (Fig 12). 

The obtained results are provided in Fig 13 a and b. 
The data in Fig 13 show that the experimental admissible 
loads for all ceramic masonry units are higher by 13.3 – 
27.8 % than those provided in the FISCHER catalogue. 

 

 
Fig 12. Disintegration of SILIBLOKAS M-12 after 
pulling of anchor SXS 10x60. 
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Fig 13. Values of loads at pulling of plastic anchors 
FUR 8x80 (a) and SXS 10x60 (b), meant for fixing of 
door casings, from the masonry units: I – KERAPO-
RAS KS 25+D; II – KERAPORAS L; III – brick KSP-
15; IV – SILIBLOKAS M12; 1, 5, 9 and 13 – disinte-
grating load; 2, 6, 10 and 14 – characteristic load; 3, 7, 
11 and 15 – calculated admissible load; 4, 8, 12 – ad-
missible load according to the FISCHER catalogue.  
S – average square deviation, kN 

Conclusions 

1. It was established that the pulling force of plastic 
fixing anchors is influenced both by structure of ceramic 
sherd of unit, voidage of units and thickness of walls inter 
voids.  

2. Subject to nature of masonry units, it is recom-
mended to use the following plastic anchors in these 
cases: 

– for fixing of ventilated facades to ceramic and 
silicate blocks, anchors SXR x 60 at an effec-
tive depth of anchorage of 50 mm, to bricks 
KSP-15 – FUR 10x80 (at an effective depth of 
anchorage of 50 mm); 

– for fixing of heat-insulating layer to all ma-
sonry units, anchors FIF – A8 at an effective 
depth of anchorage of 35 mm; 

– for fixing of cabinets and shelves, anchors UX-
8 (only to bricks KSP-15 and SILIBLOKAS M-
12), at an effective depth of anchorage of 

50 mm and anchors UX-10 (to all units) at an 
effective depth of anchorage of 60 mm; 

– for fixing of door casings and insert frames to 
all ceramic masonry units, anchors FUR 8-80 at 
an effective depth of anchorage of 70 mm, and 
to SILIBLOKAS – anchors SXS (at an effec-
tive depth of anchorage of 60 mm).  
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