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Abstract 

This dissertation examines the load-bearing behaviour of bonded 

anchors in solid calcium silicate bricks. The influences of brick 

format, brick compressive strength, anchor sizes, single or group 

anchoring, edge distance, spacing and the influence of joints are 

investigated. 

The first part describes the state of the art of bonded anchors in solid 

sand calcium silicate bricks. The anchoring mechanism and the 

fracture mechanism are discussed in detail. For this purpose, the 

investigations of bonded anchors in concrete are examined. The 

fracture behaviour of bonded anchors in concrete is comparable to 

the behaviour of bonded anchors in solid calciul silicate brick. 

Furthermore, various publications, dissertations of Meyer (2006), 

Welz (2011) and Stipetiĺ (2017) and the current design model TR 054 

(2022) are summarized. 

The second part focuses on the experimental investigations and the 

results obtained. These tests are a project of the research group 

Institute of Construction Materials of the University of Stuttgart, Hilti 

Corporation Liechtenstein and fischerwerke GmbH & Co. KG. The 

different failure modes under tension and shear load were analysed 

considering the various influences. In addition to these tests, the 

material properties such as compressive strength, flexural tensile 

strength or modulus of elasticity of the solid calcium silicate brick 

were also investigated. Furthermore, the test results were compared 

with the existing design models. 

In the last part, a design model for bonded anchor in solid calcium 

silicate brick is presented based on the previous parts. To illustrate 

the entire calculation of the design, example calculations for the 

single anchor under tension and shear load are shown in Section 11. 
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Two examples are single anchors under tension load, one without the 

influence of the edge and the joints and the other under the influence 

of the joint. One example is the single anchor under shear load, which 

is loaded in the direction of the joint that is not filled with mortar. 

 

 



 
 

 

VII  

Kurzfassung 

In dieser Dissertation wird das Tragverhalten von Verbundanker in 

Kalksandvollstein untersucht. Hierbei werden die Einflüsse des 

Steinformats, der Steindruckfestigkeit, der Dübelgröße, Einzel- oder 

Gruppenverankerungen, Rand- und Achsabstand sowie der Einfluss der 

Fugen bestimmt. 

Der erste Teil der Arbeit beschreibt den Stand der Technik von 

Verbundankern in Kalksandvollstein. Des Weiteren wird auf den 

Verankerungsmechanismus und Bruchmechanismus im Detail 

eingegangen. Dazu werden Untersuchungen von Verbundankern in 

Beton herangezogen. Das Bruchverhalten von Verbundanker in Beton 

ist vergleichbar mit dem Verhalten von Verankerungen in 

Kalksandvollstein. Am Ende des ersten Teils ist eine 

Zusammenfassung von verschiedenen Veröffentlichungen, 

Dissertationen von Meyer (2006), Welz (2011) und Stipetiĺ (2017) und 

vom aktuellen Bemessungsmodell TR 054 (2022). 

Der zweite Teil befasst sich mit den experimentellen Untersuchungen 

und den erzielten Ergebnissen. Diese Untersuchungen sind ein Projekt 

der Forschungsgruppe Institut für Werkstoffe im Bauwesen der 

Universität Stuttgart, der Hilti AG Liechtenstein und der fischerwerke 

GmbH & Co. KG. Die verschiedenen Versagensarten werden unter 

Zug- und Querbelastung unter Berücksichtigung der unterschiedlichen 

Parameter analysiert. Zusätzlich zu den Versuchen wurden auch die 

Materialeigenschaften wie die Druckfestigkeit, die Biegezugfestigkeit 

oder auch das E-Modul des Kalksandvollsteins bestimmt. In den 

jeweiligen Kapiteln befinden auch Vergleiche zu den vorhandenen 

Bemessungsmodellen. 

Im letzten Teil dieser Arbeit wird ein Bemessungsmodell für 

Verbunddübel in Kalksandvollstein vorgestellt, das auf Grundlage der 
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Erkenntnisse der vorherigen Teile aufbaut. Hierbei wird nur auf die 

modifizierten Bemessungsgleichungen eingegangen. Zur 

Veranschaulichung der Bemessung ist in Kapitel 11 Beispiel-

berechnungen, die den Einzeldübel unter Zug- und Quer-

beanspruchung aufzeigt. Zwei der Beispiele ist der Einzeldübel unter 

Zugbelastung, welcher zum einen nicht durch den Rand oder Fugen 

beeinflusst und zum anderen von Fugen beeinflusst wird. Ein Beispiel 

ist zur Querbelastung in Richtung der nicht mit Mörtel verfüllten Fuge. 
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1 Introduction  

Masonry is mainly used as a building material in residential buildings, 

see Figure 1.1. As shown, masonry was used as building material in 

70 % of enclosed space in completed residential buildings in Germany, 

whereas reinforced concrete in 16 %. Even if the amount of reinforced 

construction increases over the years, it cannot match the amount of 

masonry. 
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Figure 1.1: Enclosed space in completed residential buildings by predominantly 

used building material in Germany 2000-2021 (Destatis (2022)) 

Despite the current building situation, the research on fixings in 

masonry is not even a fraction of what has been researched in concrete. 

On the one hand, this is due to the load-bearing behaviour of masonry, 

as masonry cannot bear such high loads as reinforced concrete. On the 

other hand, the variety of masonry, e.g. the type of bricks, perforation, 
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size, joint width or the fact that they can vary greatly from country to 

country, can lead to difficulties in research and standardization. 

The Technical Report TR 054 (2022) deals with the design of bonded 

anchors and screws for use in masonry and is intended to cover all brick 

types. However, as the bricks are very different in terms of material, 

size, density or perforation, it is difficult to create a general design. 

Therefore, in the above mentioned report the design equations for the 

characteristic resistances are missing for some type of failure modes, 

such as pull-out failure or brick breakout failure. Reference is only 

made to the corresponding European Technical Assessment (ETA). 

This means that approval tests shall be carried out for these types of 

failure modes to determine the characteristic resistances and their 

parameters such as spacing and edge distances of the anchor. The test 

programme for a masonry ETA is therefore relatively extensive, as tests 

have to be carried out for every type of brick, perforation and size. 

The aim of this thesis is to propose a modified design model for bonded 

anchors in calcium silicate bricks. The research is divided into three 

parts. Firstly, an overview of the current design and a summary of the 

previous theses is given, which investigated the behaviour of bonded 

anchors in masonry. In the second part, the experimental investigations 

and the failure modes based on them are explained. Chapter 4 contains 

the descriptions of the anchor, the tests and the test setups. The test 

results are then evaluated and categorised into failure modes. Starting 

with the failure modes under tension load, Chapter 5 summarized the 

pull-out failure for single and group anchorages in more detail. Chapter 

6 focuses on the failure mode brick breakout failure for the single and 

group anchor with an additional consideration of the breakout under 

tension load of undercut anchors. Chapter 7 examines the failure mode 

splitting of the brick in more detail. In the following chapters, the failure 

modes under shear load are considered. For this purpose, local brick 

failure is analysed in Chapter 8 and brick edge failure in Chapter 9. 
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With the help of the analyses of the parts, a design model for bonded 

anchors in solid calcium silicate brick is derived in the last part. 

 





 
 

 

5 

2 Anchor Systems in various Base Material 

This chapter focuses on the base material masonry and the basics of 

anchor systems. The different types of bricks, especially solid calcium 

silicate bricks, used in construction are described. Moreover, an 

overview of the different anchor systems that can be used in masonry, 

such as bonded anchors (or adhesive anchors), plastic anchors, screws 

etc., is given. Furthermore, the various anchoring mechanism and the 

fracture mechanism are generally described. 

2.1 Base Material Masonry 

In Germany and Europe, bricks are certified according to DIN EN 771, 

which consists of six parts and is subdivided as follows: 

¶ Part 1: Clay masonry units 

¶ Part 2: Calcium silicate masonry units 

¶ Part 3: Aggregate concrete masonry units (dense and lightweight 

aggregates) 

¶ Part 4: Autoclaved aerated concrete masonry units 

¶ Part 5: Manufactured stone masonry units 

¶ Part 6: Natural stone masonry units 

Figure 2.1 shows solid or perforated bricks according to part one to 

three. The parts regulate, among other things, the area of application, 

the raw materials and production as well as the designation, labelling 

and classification. 
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Figure 2.1: Different types of bricks according to DIN EN 771-1 (2015) up to DIN 

EN 771-3 (2015) 

The test methods according to DIN EN 772 are used to classify the 

masonry units. For example, the compressive strength of bricks is 

determined according to DIN EN 772-1 (2016) or the bulk density 

according to DIN EN 772-13 (2000). Although DIN EN 771 provides 

for harmonisation, there are different bricks in Europe depending on the 

country of manufacture, climate and resources. Variations include the 

dimensions and geometry of the hollow parts or perforations. There are 

further regulations in each European country. In Germany, for example, 

in addition to CE labelling in accordance with DIN EN 771, masonry 

bricks must be classified in accordance with DIN 20000-401 (2017) to 

DIN 20000-404 (2018), which list the essential characteristics that must 

be declared for use in Germany in the declaration of performance 

(DoP). This classifies the performance for use in accordance with DIN 

EN 1996-1-1 (2019) (EC 6). Parts 401 to 404 regulate the following 

masonry units: 

¶ Part 401: Clay masonry units 

¶ Part 402: Calcium silicate masonry units 

¶ Part 403: Aggregate concrete masonry units 

  (dense and lightweight aggregates) 

¶ Part 404: Autoclaved aerated concrete masonry units 
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2.1.1 Production of Clay Masonry Units 

The manufacturing process of clay masonry units is essentially taken 

from Pröll (2020). Bricks are made of clay, loam or clay-containing 

masses with or without additives. To reduce the bulk density, additives 

such as sawdust, paper pulp or polystyrene balls can be added. Heavy 

material must be added to increase the density. 

At first, the various raw materials and additives are crushed and mixed, 

with the addition of water if necessary. The mixture is then 

homogenized and evenly moistened. Once the required consistency has 

been achieved, the mixture is highly compressed under high pressure 

and pressed through a mould with the help of worm shafts and then cut 

to the required size. The shape and perforation (or no perforation) of the 

brick is determined by the mould. The composition of the mix and the 

perforation influence the properties of the brick, such as compressive 

strength, thermal and acoustic insulation. Then, they are dried in a 

chamber at 50 to 100°C for one to three days. Finally, they are placed 

in the tunnel kiln and fired at 950 to 1300°C. 

2.1.2 Production of Calcium Silicate Masonry Units 

The production of calcium silicate masonry units is essentially 

explained according to Bundesverband Kalksandsteinindustrie e.V. 

(2018). The raw materials lime and sand are mixed and fed into reactors 

via a conveyor system. The quicklime is slaked to hydrated lime by 

adding water. If the mixture has not reached the required pressing 

moisture, this is achieved in the post-mixer by adding water. Next, the 

blanks are pressed and stacked on hardening trolleys and hardened at a 

temperature of approximately 200°C under water steam saturation 

pressure. Depending on the dimensions of the brick, this process can 

take between four and twelve hours. The hot water steam atmosphere 

dissolves the silica from the surface of the quartz sand grains during the 

hardening process. The silica forms a crystalline binder phase with the 
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binder hydrated lime, which grows together with the sand grains and 

forms a solid interlocking. Finally, the bricks have to cool down and are 

ready for use without further pre-storage. 

2.1.3 Production of Aggregate Concrete Masonry Units 

Concrete and lightweight concrete blocks consist of mineral aggregates 

and hydraulic binders. The only difference is in the aggregates. While 

aggregates with dense structure, such as stone chippings, are added to 

concrete blocks, porous aggregates such as pumice or expanded clay 

are used for lightweight concrete blocks. Concrete and lightweight 

concrete blocks are manufactured in the same way and essentially in the 

manner described by Dehn et al. (2003). The mentioned raw materials 

are mixed with water, poured into moulds and compacted by vibration. 

After about two days, they are demoulded when they are stable in shape. 

Finally, the blocks are air-dried in high-bay warehouses until they have 

reached their nominal strength. 

2.1.4 Production of autoclaved aerated Concrete 

Masonry Units 

The basic materials for aerated concrete blocks are cement and/or lime 

as a binder, finely ground siliceous materials such as quartz powder, 

pore-forming blowing agents such as aluminium powder and water. The 

manufacturing process for aerated concrete is described by Dehn et 

al. (2003). An aqueous suspension is produced from the raw materials 

and filled into casting moulds. These are kept warm for several hours, 

whereby the blowing agent reacts with the calcium hydroxide and 

releases hydrogen gas in the alkaline environment of the binding agent. 

This leads to numerous pores between 0,5 and 2 mm in the mix. During 

the production process, the hydrogen gas diffuses out of the concrete, 

leaving only air voids during curing. After rising, the stable raw block 

is cut horizontally and vertically into bricks using tensioning wires. The 

bricks are then hardened in autoclaves under vapour pressure at 
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approximately 12 bar for around six to twelve hours. As with calcium 

silicate bricks, the strength is achieved by the reaction of the silicon 

oxide with the hydrated lime. 

2.1.5 Masonry mortar  

Masonry mortar is required to join masonry. It is a mixture of binder, 

aggregate, water and, if necessary, additives and admixtures. According 

to DIN EN 998-2 (2017), masonry mortar is categorised into mortar 

classes, which relate to the compressive strength and differentiated 

according to the application. This refers to the type of embedding of the 

bricks, whether with thin-bed mortar (T), normal mortar (G) or 

lightweight masonry mortar (L). The compressive strength of the 

masonry mortar is determined in accordance with DIN EN 1015-11 

(2020). The categorisation of mortars is shown in the following table in 

accordance with DIN EN 998-2 (2017) and the national standard DIN 

20000-412 (2019). 

Table 2.1: Categorisation of mortar group according to DIN 20000-412 (2019) 

and mortar class according to DIN EN 998-2 (2017) 

Mortar  
Mortar 

group 

Mortar 

Class 

Compressive strength acc. to 

DIN EN 1015-11 (2020) 

Normal (G) 

NM I M 1 1 N/mm² 

NM II  M 2,5 2,5 N/mm² 

NM IIa M 5 5 N/mm² 

NM III  M 10 10 N/mm² 

NM IIIa M 20 20 N/mm² 

Lightweight 

(L) 

LM21 M 5 5 N/mm² 

LM36 M 5 5 N/mm² 

Thin-bed (T) DM M10 10 N/mm² 

- - M d d N/mm² 

d: Compressive strength > 20 N/mm² in increments of 5 N/mm² 
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2.2 Anchor Systems 

As shown in Chapter 1, the ratio of masonry in the construction of 

residential buildings in Germany in 2021 was around 70 %. Therefore, 

fastening in masonry is essential. This includes anchor systems such as 

plastic anchors, masonry anchor screws and bonded anchors. For 

everyday use, such as fixing a shelf or towel rail to the wall, non-

approved anchors are sufficient. For safety-relevant applications, such 

as fixing awnings, fixing pipes to the wall or fixing façade 

substructures, approved anchors are required. In order to obtain an 

European Technical Assessment (ETA), the anchor systems shall be 

tested in accordance with the European Assessment Documents (EAD) 

published by the European Organisation for Technical Assessment 

(EOTA). The following EADs apply to the above-mentioned anchor 

systems: 

¶ EAD 330284-00-0604 (2018): Plastic Anchors for redundant 

non-structural Systems in Concrete and Masonry 

¶ EAD 330460-00-0604 (not published): Screw Anchor for use in 

Masonry 

¶ EAD 330076-00-0604 (2014): Metal Injection Anchors for use in 

Masonry 

Bricks according to DIN EN 771-1 (2015) to DIN EN 771-5 (2015) are 

intended to be use as base material for above-mentioned EADs. To 

obtain an ETA for a brick, the entire test program must be carried out 

in the respective EAD. Anchor systems for use in natural stone 

according to DIN EN 771-6 (2015) cannot receive an ETA, as natural 

stone can vary and has different material properties. Tests shall be 

carried out on-site to determine the load-bearing behaviour of the 

anchor in the respective natural stone. 
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2.2.1 Anchoring Mechanism 

The anchoring mechanism of the above mentioned anchors is different 

and is shown in Figure 2.2. The first illustration shows a plastic anchor 

which is installed with the corresponding screw. When the screw is 

screwed in, the plastic sleeve expands and presses against the drill hole 

wall. The anchoring mechanism is achieved by the friction between the 

drill hole wall and the plastic dowel. 

 

Figure 2.2: Anchors use in masonry and their anchoring mechanism 

The second illustration shows a screw anchor, which is screwed into a 

pre-drilled hole and cuts through a hardened thread into the base 

material, creating a mechanical interlock. 

The last illustration shows a metal injection anchor. This anchor type is 

also known as adhesive anchor or bonded anchor. The mortar is injected 

into a pre-drilled and cleaned borehole using a dispensing gun. A 

threaded rod is inserted into the drill hole. When the mortar emerges 

from the drill hole, complete filling has been achieved. While the first 

two anchor systems can be loaded directly, the curing time for the 

bonded anchor must be taken into account depending on the 

temperature and moisture of the base material. The anchoring 

mechanism is based on the material bond. Installation in masonry can 

be carried out using a sieve sleeve. This is used for anchoring in 
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perforated or hollow bricks. The sieve sleeve is inserted into the pre-

drilled and cleaned drill hole and the mortar is then injected. When the 

threaded rod is inserted, mortar comes out of the sieve sleeve and forms 

a seal around the sieve sleeve. This creates a bond between the brick 

and the threaded rod as well as an undercut in the area of the brick 

perforation or hollow. The anchoring mechanism with the sieve sleeve 

is both a bond and a mechanical interlock. 

2.2.2 Fracture Mechanism 

For all anchor systems, both in concrete and in masonry, the failure 

modes are essentially categorised into three groups, which in turn are 

further subdivided. For bonded anchors in solid masonry bricks, the 

failure modes are explained in more detail in Section 2.2.2.1. The main 

failure modes are generally the following: 

¶ Breakage of the anchor (steel failure) 

¶ Pull-out of the anchor (load transfer failure) 

¶ Failure of the base material (cone shaped failure) 

If steel failure or pull-out failure occurs, the anchor is undersized or the 

load is not sufficiently transferred into the base material. The cone 

shaped failure is therefore the upper limit of the load-bearing capacity 

of anchor systems with unconfinement. In the following, a description 

of fracture mechanism for concrete is shown, since for masonry no 

research is available. 

In order to be able to determine the load-bearing behaviour of anchors 

in concrete, various analytical and numerical investigations of the 

fracture mechanism were carried out. Fracture mechanics analyses the 

formation and propagation of cracks in concrete. To be able to analyse 

the concrete cone failure, fracture mechanics must be taken into 

account, as cracks in the concrete only form when the anchor is loaded 

and remain until the concrete fails. Seghezzi (1986) derived the fracture 

mechanism of an expansion anchor from the calculation results of 
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Peier (1983), see Figure 2.3. Seghezzi (1986) describes an area in the 

concrete around the expansion clips as a hydrostatic pressure area in 

which the concrete is assumed to be pulverised. A series of micro cracks 

distribute from the load application point in the circumferential 

direction. Radial micro cracks also appear on the concrete surface. If 

the cracks reach the concrete surface on the circumferential direction, 

the anchor fails due to concrete cone failure. If the expansion clips are 

too small or thin, the concrete fails behind the hydrostatic pressure area 

and the anchor is pulled out. 

 

Figure 2.3: Failure mechanism of an expansion anchor (Seghezzi (1986)) 

Sawade (1994) also developed a model that describes the crack 

formation process in concrete under tension load. In this model, crack 

propagation and crack opening are regarded as time-dependent 

processes in which energy is dissipated. To observe the crack 

formation, Eligehausen and Sawade (1985) produced specimens in 

which a halved headed stud was placed at the edge of the specimen 

(crack observation specimen) and specimens in which the headed stud 

was completely surrounded by concrete (tension test specimen). They 

compared the load-displacement curves of these tests, see Figure 2.4, 

and came to the conclusion that the displacement of the headed stud 

increased linearly in both cases up to around 40 % of the ultimate load 
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and then increases disproportionately up to the ultimate load. After that, 

the load that can be absorbed slowly decreases. During these tests, they 

additionally observed the formation of cracks. The first crack occurred 

in the area of the head of the stud at around 40 % of the ultimate load 

and slowly lengthened as the load increased. It accelerated at around 90 

to 95 % of the ultimate load, but did not reach the specimen surface. 

Only with further displacement, the crack expanded into a fracture 

cone. The crack formation was measured with strain gauges on the 

crack surface, or the cracks were visualised in ultraviolet light by 

spraying fluorescent liquid onto them. These test show that the strain of 

the concrete increases proportionally to the load up to approximately 

0,01 % and then increases very quickly. This behaviour can be seen in 

the formation of micro cracks, which become longer as the load 

increases. 
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Figure 2.4: Different stages of crack formation on the load-displacement curves 

of headed studs under tension load (Eligehausen and Sawade (1985)) 
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Figure 2.5: Positioning of the strain gauges for measuring the strain 

perpendicular to the crack surface (Eligehausen and 

Sawade (1989)) 

In order to gain further insights, Eligehausen and Sawade (1989) 

carried out additional tension tests with headed studs with embedment 

depths varying from 130 mm to 520 mm. To determine the concrete 

strain, strain gauges were arranged inside the test specimen 

perpendicular to the circumferential crack. The arrangement of the 

strain gauges is shown in Figure 2.5. These tests show that the strains 

shift from the load application point to the concrete surface as the load 

increases. Based on the measured strains, Eligehausen and Sawade 

(1989) made the assumption that the measured strains result from the 

elastic strain of the concrete ‐  and the strain due to the crack opening 

ύ according Equation (2.1). 

 ʀ ‐ ύ ὰϳ „ύ Ὁ ύ ὰϳϳ   (2.1) 

    with:  

 ʀ Measured strain  

 ‐  Elastic concrete strain  

 × Crack width άά 

N 
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 ὰ Gauge length άά 

   
Using the crack opening relationship in Equation (2.2), Eligehausen 

and Sawade (1989) calculated the stress distribution perpendicular to 

the cone breakout surface and illustrate this for the strain distribution 

perpendicular to the cone breakout surface from Figure 2.6 in Figure 

2.7 as an example. 

 „ύ Ὢ Ὡ ϳ Ͻϳ   (2.2) 

    with:  

 × Crack opening άά 

 Ὢ  Tensile strength ὔȾάάό 

 Ὃ  Fracture energy ὔȾάά 
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Figure 2.6: Distribution of strain perpendicular to the surface of the cone 

breakout for two load levels (Eligehausen and Sawade (1989)) 
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Figure 2.7: Calculated tensile stress distribution perpendicular to the surface of 

the cone breakout from the strains according to Figure 2.6 

(Eligehausen and Sawade (1989)) 

The calculation diagram shows the redistribution of tensile stresses as 

a result of micro crack formation with increasing load. The crack 

opening law applies until the tensile strength of the concrete is reached, 

after which the part of the curve for the elastic behaviour of the concrete 

applies. The crack length is at the point at which the concrete tensile 

strength is reached, which in turn represents the high point of the curve. 

By integrating the component of tensile stress acting perpendicular to 

the crack in the direction of loading over the fracture surface, 

Eligehausen and Sawade (1989) concluded that the ultimate load is 

only slightly influenced by shear stresses in the fracture surface, as the 

calculate tensile strengths deviated by a maximum of 15 % from the 

applied tension loads. With a large embedment depth, only a small 

proportion of the applied tension load was transferred in the crack 

process zone, in contrary to the small embedment depth. From this, they 

 

Ὢ  
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concluded that the behaviour of anchors can be described with non-

linear facture mechanics for small embedment depths and with linear 

fracture mechanics for large embedment depths. 

Eligehausen and Sawade (1989) showed the application of Sawadeôs 

fracture mechanics model to a headed stud in a concrete block. They 

assumed that the concrete exhibits linear-elastic behaviour (LEFM) in 

the immediate vicinity of the crack (see Figure 2.8 a)) and non-linear 

material behaviour (NLFM) in the crack (see Figure 2.8 b)). To 

calculate the non-linear fracture mechanics, the specific crack 

formation energy is applied as a function of the crack width (see Figure 

2.8 c)). The crack length and crack shape are determined iteratively via 

the applied load. As described above, linear fracture mechanics can be 

used for large embedment depths. The crack opening energy Ὃ is 

independent of the crack width ύ of the fracture energy Ὃ , as shown 

in Figure 2.8 c). 

 

Figure 2.8: Application of Sawade's fracture mechanics model to a headed stud 

anchorage (Eligehausen and Sawade (1989)) 

In Figure 2.9, Eligehausen and Sawade (1989) showed the crack length 

in relation to the length of the cone surface area as a function of the 

load, which indicates a stable crack growth up to the ultimate load. At 

the ultimate load, the crack length is about 45 % of the length of the 

cone surface. According to Sawade (1994), the ultimate load does not 

depend on the concrete tensile strength, but on the product of the elastic 

modulus of the concrete and the fracture energy under the root and is 
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 ὔ ςȟρϽὉϽὋ ϽὬ ȟ
 . (2.3) 

    with:  

 Ὁ Elastic modulus ὔȾάάό 

 Ὃ  Fracture energy ὔȾάά 

 Ὤ  Effective embedment depth άά 

   
The ultimate load is proportional to Ὤ ȟ

, which is due to the so-called 

size effect. This means that the tensile stress averaged over the fracture 

surface is not constant, but decreases with increasing component size. 

This behaviour generally applies to concrete exposed to tensile stress 

with strain gradients, e.g. for the flexural tensile strength of 

unreinforced concrete or the shear strength of slabs without shear 

reinforcement, which was theoretically proven by Baģant (1984). For 

the size effect, he assumes that the ultimate load for small component 

thicknesses can be calculated according to plasticity theory and for 

large components according to linear fracture mechanics. A continuous 

transition is assumed in between. Oģbolt (1995) applies this approach 

to the concrete cone failure load of headed studs. The component 

thickness corresponds to the embedment depth and the equation is as 

follows, 

 ὔ ὯϽὪȟϽὬ Ⱦρ Ὤ Ὤϳ
ȟ

 . (2.4) 

 with:  

 Ὧ, Ὤ  Constant 
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Figure 2.9: Relative tension load as a function of relative crack length 

(Eligehausen and Sawade (1989)) 

Oģbolt (1995) numerically investigated the load-bearing behaviour of 

headed studs under tension load. He varied the material parameters and 

the embedment depth. In Figure 2.10 he shows the influence of the 

concrete tensile strength on the concrete cone failure. It can be seen that 

the concrete tensile strength has minimal influence on the ultimate load 

at constant fracture energy. In Figure 2.11, the ultimate load increases 

approximately proportionally to the square root of the concrete fracture 

energy. These results confirm the results of Sawade (1994). 

Oģbolt (1995) also analyses various equations for determining the 

concrete cone failure load (see Figure 2.12). He uses the following 

equation according to ACI Standard 349-85 (1985), which increases 

proportionally with Ὤ  and neglects the size effect. 

 

 



 
 

 

21 

 ὔ πȟωφϽὪȟϽὬ Ͻρ Ὠ Ὤϳ  . (2.5) 

He also compares Equation (2.4) with the simplified Equation based on 

the fracture mechanics of Baģant (1984) and anchors of Eligehausen 

and Sawade (1989), Eligehausen and Oģbolt (1990) and Oģbolt (1995), 

which is as follows, 

 ὔ ὯϽὪȟϽὬ ȟ
 . (2.6) 

 with:  

 Ὧ ρυȟυ for headed studs 
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Figure 2.10: Normalized ultimate load as a function of the concrete tensile 

strength Ὢ  (Oģbolt (1995)) 
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Figure 2.11: Normalized ultimate load as a function of the concrete fracture 

energy Ὃ  (Oģbolt (1995)) 

The simplified Equation (2.6) results from the following equation, 

 ὔ ὯϽὪȟϽὯϽὬ Ͻ ȟ . (2.7) 

Where the factor ὯϽὪȟ
 indicates the concrete tensile strength, the 

factor ὯϽὬ  the surface area of the concrete cone failure and the 

factor  ȟ the influence of the size effect. The factor Ὢȟ
 corresponds 

to the factor ὉϽὋ ȟ from Sawadeôs (1994) equation, which 

describes the influence of the concrete composition well. However, 

factor Ὢȟ
 is more suitable for the design equation. Figure 2.12 shows 

that Equation (2.4) best represents the numerical results, which is 

shown by the simplified Equation (2.6) with a slight difference. 

Furthermore, the numerical results agree with the test results. However, 

Equation (2.5) shows a greater discrepancy with the test results and 

numerical results with increasing embedment depth. This is due to the 
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size effect law of Baģant (1984). Equation (2.4) and (2.6) contain the 

effective embedment depth with an exponent of 1,5, while in 

Equation (2.5) the exponent is 2,0. The size effect according to 

Baģant (1984) states that the strength decreases with increasing 

component size. This behaviour has been demonstrated with 

simulations and bending beam tests in various articles. 
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Figure 2.12: Concrete cone failure load as a function of the effective embedment 

depth in comparison with different calculation approaches (Oģbolt 

(1995)) 

Figure 2.13 compares the results of Alexanderôs (1987) bending tensile 

strength of unreinforced concrete beam with the size effect law of 

Baģant (1984). The diagram shows the depth of beam on the x-axis and 

the ratio of the flexural bending strength to the tensile strength on the 

y-axis. Here it is clear that the flexural bending strength decreases with 

increasing depth of beam with an exponent of around -0,5 and 

approaches the tensile strength. Eligehausen and Sawade (1989) 

transferred this behaviour to the concrete cone failure due to tension 
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loading of anchors and replaced the depth of beam with the effective 

embedment depth. 

0 100 200 300 400 500 600 700 800 900 1000

0,5

1,0

1,5

2,0

2,5

3,0

 Alexander (1987)

 Bazant SEL (1984)

s
N
/f

t

Depth of beam [mm]
 

Figure 2.13: Test results of three-point bending of unreinforced concrete beams 

by Alexander (1987) in comparison with Baģantôs (1984) size effect 

law 

2.2.2.1 Failure Modes of Bonded Anchors in Solid Bricks 

The load-bearing behaviour of bonded anchors in masonry is grouped 

according to the failure modes for different load directions. Therefore, 

the failure mode with the lowest resistance is decisive for the design. A 

detailed explanation of the design according to TR 054 (2022) can be 

found in Section 3.4. This section briefly describes the failure modes 

that occur with bonded anchors in solid bricks. 

 

Figure 2.14 shows the failure modes under tension load. The first 

illustration (a)) shows the steel failure, where the bond between the 

anchor rod and the brick is so high, that the anchor rod breaks in the 
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upper area during tensile test. Illustration b) and c) show pull-out failure 

mode. The difference between the two is that in the first case the mortar 

or sieve sleeve is pulled out with the anchor rod, while in figure c) the 

bond between the anchor rod and the mortar or sieve sleeve fails and 

only the anchor rod is pulled out completely. The brick breakout failure 

mode is shown in figure d). In this case, the tension load that can be 

transferred by the base material is exceeded, causing the brick to fail 

and creating a cone when breaking out of the brick. Pulling a brick out 

of the masonry bond is shown in figure e). Here, the bond between the 

brick and the masonry mortar breaks off and the brick is pulled out 

completely. The last figure (f)) shows a splitting failure, where the brick 

breaks over the entire surface due to splitting. This type of failure occurs 

in combination with other failure modes. The splitting failure is shown 

together with the pull-out failure. However, it can also occur in 

combination with the brick breakout failure or pulling out of one brick 

from the bond. Another mixed failure mode occurs when part of the 

brick breaks away and the rest of the anchor is pulled out of the brick. 

 

 

Figure 2.14: Failure modes under tension load 

a) Steel failure b) Pull-out failure with  

mortar or sieve sleeve 

c) Pull-out failure without 

mortar or sieve sleeve 

 

d) Brick breakout failure  e) Pull-out of one brick f) Splitting failure  
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Figure 2.15 shows the failure modes under shear loading. In general, 

they are similar to the failure modes under tension load. The first figure 

(a)) shows steel failure. Here, the anchor rod fails under shear load 

because the resistance in the brick larger. In the case of local material 

failure, the base material fails and breaks off in the compression area. 

The anchor rod bends and is pulled out of the brick. This is shown in 

figure b). Figure c) shows brick edge failure. In this case, the edge of 

the brick breaks off in the direction of the free edge. Here, the base 

material fails because it can no longer absorb the transferred load via 

the anchor rod and creates a breakout in the form of a prism. Pry-out 

failure occurs, if the bottom of the anchor rod lifts backwards and the 

breakout occurs against the load direction, as shown in figure d). Due 

to the pushing back of the anchor rod, the brick is subjected to tensile 

stress in this area, whereby the brick has a much lower tensile strength 

than compressive strength. This type of failure is more likely to occur 

at shallow embedment depths. Pulling a brick out of the masonry bond 

under shear load is shown in figure e). This can only happen in the 

direction of the free edge. Here too, the bond between the brick and the 

masonry mortar fails. It can happen that several bricks are pulled out of 

the bond. Figure f) shows the failure mode splitting failure under shear 

load. The brick additionally breaks over the entire cross-section due to 

the excessive load on the base material, which can no longer transfer 

the load. This type of failure can occur in combination with other types 

of failure, such as splitting failure under tension load. 

  



 
 

 

27 

 

 

 

Figure 2.15: Failure modes under shear load 

 

 

a) Steel failure b) Local brick failure  c) Brick edge failure 

 

d) Pry-out failure e) Pull-out of one brick f) Splitting failure  
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3 State of Research and Design 

This chapter focuses on the works of Andrea Meyer (2006), Georg 

Welz (2011) and Marina Stipetiĺ (2017). The last part of the chapter 

describes the current design model TR 054 (2022) ñDesign Methods for 

Anchorages with Metal Injection Anchors and Screw Anchors for use 

in Masonryò. 

3.1 PhD Thesis of Andrea Meyer (2006) 

Meyer (2006) presented a design approach for bonded anchors under 

centric tensile tests in masonry based on experimental and numerical 

investigations which considered the different failure modes of the 

anchor. These failure modes included steel failure, bond failure between 

threaded rod and mortar, bond failure between borehole wall and mortar 

and brick breakout failure. The design approach considered the load-

bearing behaviour of near-edge anchors and anchor groups. 

Furthermore, she investigated conducting tests on the existing structure. 

For this purpose, she created a test setup to determine the load-bearing 

capacity of the anchor with minimal brick damage. 

The following subsections describe the influences on the load-bearing 

behaviour and design approaches investigated by Meyer (2006). 

3.1.1 Material Parameters 

The first part of Meyers research focused on determined the material 

characteristic. The compressive strength of the bricks (Ὢ), the modulus 

of elasticity (Ὁ), the tensile splitting strength (Ὢ ), the flexural tensile 

strength (Ὢ ), the tensile strength (Ὢ ) and fracture energy (Ὃ) were 

investigated using test results and values from the literature. Based on 

the examinations, she established correlations between the material 

characteristics. Equation (3.1) to (3.5) summarize these characteristics 

for solid calcium silicate brick. 
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Tensile splitting strength: Ὢ πȟπχςϽὪ (3.1) 

Flexural tensile strength: Ὢ πȟρρρϽὪ (3.2) 

Tensile strength (as function of Ὢ): Ὢ πȟπυψϽὪ (3.3) 

Tensile strength (as function of Ὢ ): Ὢ πȟχυυϽὪ  (3.4) 

Tensile strength (as function of Ὢ ): Ὢ πȟυρτϽὪ  (3.5) 

   
3.1.2 Influences on the Tensile Load Capacity of Single 

Anchors 

This section lists various factors that, according to Meyer (2006), lead 

to the failure modes pull-out, brick breakout and a combination of both 

failure modes (mixed failure). The influence factors were divided into 

the influence of the anchor system and the influence of the base 

material, which consecutively are influenced by various parameters. 

The following parameters were tested: 

¶ Mortar: 

Four mortars approved by the building authorities, including one 

system based on mineral binders (cement), one system with the 

binder vinyl ester resin and two hybrid systems with binders made 

of synthetic resin and cement. The designation of the bonded 

anchor systems is taken from Meyer, as the specific properties 

cannot be assigned. 

¶ Embedment depth Ὤ : 

The embedment depths varied from 15 mm to 92 mm. It should 

be noted that Ὤ  is distinguished from Ὤᴂ. Ὤ  is equated with 

the total embedment depth in the brick, while for Ὤᴂ the hollows 

in the brick are subtracted. 
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¶ Anchor: 

Three anchor sizes from M8 to M12 were tested. They were 

always installed with sieve sleeves. The sieve sleeve diameters 

varied from 13 mm to 18 mm. 

¶ Annular gap: 

The examined annular gap is located between the sieve sleeve and 

the wall of the borehole. Two distances, r = 0,25 mm and 

r = 1,25 mm, were investigated. 

¶ Support width: 

The support widths varied from 26 mm to 350 mm. 

¶ Compressive strength: 

The compressive strengths according to DIN EN 772-1 varied 

from 8 N/mm² to 34 N/mm² in calcium silicate bricks. Meyer 

distinguishes between gross and net compressive strength. The 

gross compressive strength corresponds to the compressive 

strength according to DIN EN 772-1, whereby the external 

dimensions of the brick are used for the determination, while the 

surfaces of the hollows are not taken into account when 

determining the net compressive strength. Meyer uses the net 

compressive strength in her research. 

To determine these influences, Meyer (2006) carried out tests in solid, 

hollow and perforated bricks with different brick types. In the 

following, tests on solid calcium silicate bricks will be described since 

they are relevant for this research. In addition, the tests on hollow 

calcium silicate bricks are taken into account, in which the anchor was 

only fixed in the first web and is not influenced by the holes. 

3.1.2.1 Influence of the Anchor System 

For the load-bearing behaviour of bonded anchors, the formation of the 

bond surface between the adhesive and the base material is decisive. 

The bond strength of the mortar, the borehole diameter, the annular gap, 
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the threaded rod diameter and the embedment depth play a major role 

in the formation of the bond surface. 

a) Influence due to the threaded rod diameter: 

In contrast to their use in concrete, for bonded anchors in 

masonry, the drill hole diameter is not adapted to the threaded rod, 

but to the sieve sleeve diameter. Different threaded rod sizes can 

be installed in one sieve sleeve. 

In order to determine the influence of the threaded rod diameter, 

Meyer (2006) carried out experiments with two bonded anchor 

system (Type 9 and Type 11) and varied the threaded rod 

diameters in equally dimensioned sieve sleeves and borehole 

diameters. The results are summarized in Figure 3.1. In the 

diagram are the bond stresses plotted against the rod diameters.  
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Figure 3.1: Influence of the threaded rod diameter on brick breakout failure in 

calcium silicate bricks (Meyer (2006)) 

The diagram shows that as the threaded rod diameter increases, 

the average bond stress remains the same and does not increase. 
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The designations of the bonded anchor systems were adopted 

from Meyer, as the differences between the bonded anchor 

systems are not known. 
 

b) Influence of the embedment depth: 

To determine the influence of the embedment depth in solid 

calcium silicate bricks, Meyer (2006) tested two anchor systems, 

each with up to four embedment depths. The bonded anchor 

systems are the same as those used to determine the influence of 

the threaded rod diameters. Figure 3.2 shows on the y-axis the 

ratio between the ultimate load and the mean ultimate load from 

the tests with the maximum embedment depth and on the x-axis 

the embedment depth. 
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Figure 3.2: Influence of the embedment depth on the ultimate load in solid 

calcium silicate bricks with pull-out failure (Meyer (2006)) 
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The ratio of the ultimate loads increases linearly with increasing 

embedment depth. These results confirm the linearity of the 

embedment depth, which is also linearly influenced in concrete. 

c) Influence of the bond strength 

The bond of anchor injection systems depends on the product. For 

this purpose Meyer (2006) performed tests with three bonded 

anchor systems. As the bonded anchor systems cannot be 

specified, they are designated according to Meyerôs dissertation. 

The results of this comparison is shown in Figure 3.3. Her results 

showed, that the anchors installed with injection mortar Type 9 

with low bond strengths failed by pull-out. An increase in bond 

strength (Type 11) resulted in mixed failure and a further increase 

in bond strength (Type 12) to approximately 4,6 MPa resulted in 

complete brick breakout. The influence of the bond strength of 

bonded anchors in solid bricks is comparable to that of bonded 

anchors in concrete. 
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Figure 3.3:Bond strengths of various anchor injection systems in solid calcium 

silicate bricks (Meyer(2006)) 
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d) Influence of the annular gap 

Annular gap is the distance between the borehole wall and the 

sieve sleeve. To investigate the annular gap, Meyer (2006) tested 

two annular gap widths (0,25 mm and 1,25 mm) with two 

different bonded anchor systems (Type 9 and Type 12). Both 

bonded anchor systems showed a lower bond stress with the 

smaller annular gap than in the tests with a larger annular gap. The 

reason for this behaviour is that with a smaller annular gap, the 

mortar cannot spread completely over the borehole wall, resulting 

in a smaller bonding surface. In this case the ñbadò distribution of 

the mortar can be influenced by a grain size in the filler of the 

mortar, the viscosity of the mortar or an unfavourable perforation 

of the sieve sleeve. 

3.1.2.2 Influence of the Base Material 

Masonry is a very diverse building material. Here, the brick can be 

made of a variety of materials, have different material properties, have 

different sizes, hollows, perforations or consist of solid material. If 

masonry bond (between bricks) is taken into account, the possibility of 

variation increases. Further factors are, for example, the type of bond, 

the mortar type used for the masonry bond, the joint width or the 

compressive strength of this mortar. The relevant base material 

parameters for this research are described below. 

a) Influence of the compressive strength of the brick 

Meyer (2006) differentiated the influence of the compressive 

strength of the brick according to the failure mode. First, she 

investigated brick breakout failure with centric tensile tests on 

calcium silicate bricks and lightweight concrete hollow bricks. 

The results of the tests on calcium silicate bricks are summarized 

in Figure 3.4, which illustrates the ratio between the ultimate load 

and the average ultimate load of the compressive strength of the 
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smallest brick versus the compressive strength. Meyer (2006) 

assumed a linear increase of the ultimate load with the 

compressive strength and justified this behaviour with the 

material properties of calcium silicate bricks. 

Secondly, she experimentally investigated pull-out failure of solid 

calcium silicate bricks, solid clay bricks and additional hollow 

calcium silicate bricks in which the bonded anchor is fixed in the 

first web without the influence of the perforation, assuming that 

solid bricks exhibit similar behaviour to concrete. Figure 3.5 

shows on the y-axis the ratio between the bond strength and the 

mean bond strength with the lowest brick compressive strength 

versus the net compressive strength (described in Section 3.1.2.1).  
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Figure 3.4: Influence of the net compressive strength of calcium silicate bricks on 

the ultimate load of injection anchor systems (Meyer (2006)) 

The results are from six anchor systems installed in three different brick 

types. According to Meyerôs reports, three bricks could be assigned, 

namely perforated calcium silicate bricks (PCS) with the format 10DF 
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and the compressive strength classes 6 N/mm² and 12 N/mm² and solid 

calcium silicate bricks (SCS) with the format 8DF and the compressive 

strength class 12 N/mm². From these results, she argued that the bond 

strength increased with the root of the compressive strength. Due to the 

small number of tests, Meyer could not generalise this assumption. 
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Figure 3.5: Influence of the brick compressive strength on the bond stress in solid 

calcium silicate brick for anchor types 2 and 11 (Meyer (2006)) 

b) Influence of the brick format 

To investigate the brick format, Meyer (2006) carried out tests on 

walls made of hollow clay bricks, solid calcium silicate bricks, 

solid clay bricks and lightweight concrete bricks with the brick 

formats NF, 2DF and 3DF. In these tests, the failure mode pull-

out of one brick was investigated as a function of the bond shear 

strength. The influence on the ultimate load in case of a brick 

breakout or pull-out failure was not considered. 

c) Influence single brick or masonry wall 

Meyer (2006) assumed that the load-bearing behaviour in 

masonry can be influenced by the transverse expansion restraint, 

created by the pre-stressing force of the wall and neighbouring 

bricks. For this investigation, she referred to the thesis of Schild 

(2002). He determined the influence of the pre-stressing force on 

Type 11 Type 2 y = 0,21x0,49 y = 0,15x0,57 
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the load-bearing capacity. According to Schild (2002), the pre-

stressing force had no influence on the load-bearing capacity, but 

on the displacement at the maximum load. With increasing pre-

stressing force, the displacement at the ultimate load decreased. 

Therefore, Meyer (2006) carried out tests in single bricks and 

masonry walls made of hollow clay bricks with three different 

types of anchor systems. The tests were centric tensile tests with 

an unconfined test setup. The comparison of the test results can 

be seen in Figure 3.6. Meyer (2006) concluded in her thesis that 

the pre-stressing force can have a positive influence on the 

ultimate load as it restricts the transverse strain, which mainly 

prevents the splitting of the bricks. 
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Figure 3.6: Comparison of the ultimate loads of the tension tests with different 

injection anchor systems in masonry bond or in a masonry unit 

(Meyer (2006)) 
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3.1.3 Calculation Approach by Meyer (2006) 

The following section presents Meyerôs calculations approach, which 

was determined for solid calcium silicate bricks. The other approaches 

for different base materials can be found in the literature. 

3.1.3.1 Steel Failure 

The mean ultimate load of a single anchor is determined from the 

product of the stress cross-section of the anchor rod and its tensile 

strength according to Equation (3.6). 

 .ȟ !ϽÆ . (3.6) 

    with:  

 ὃ Stress cross-section of the anchor άάό 

 Ὢ Tensile strength of the anchor ὔȾάάό 

3.1.3.2 Pull-out Failure without  Mortar  

In case of failure of the bond between threaded rod and injection mortar, 

the mean ultimate load is determined using Equation (3.7) in a similar 

way as pull-out failure without mortar in concrete. 

 .ȟ ʐȟϽÈ ϽÄϽʌ . (3.7) 

    with:  

 †ȟ Mean bond strength between threaded rod and injection 

mortar ὔȾάάό  Ὤ  Effective embedment depthάά 

 Ὠ Diameter of threaded rod άά 

3.1.3.3 Pull-out Failure with Mortar  

The bond failure between base material and mortar is determined 

analogously to concrete. For the calculation of the mean ultimate load 

(Equation (3.8)), in contrast to concrete the borehole diameter is used. 
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 ὔȟ †ȟϽὬ ϽὨ Ͻ“Ͻ   ὔ  (3.8) 

    with:  

 †ȟ Mean bond strength between base material and 

injection mortar ὔȾάάό  Ὤ  Effective embedment depth άά 

 Ὠ  Borehole diameter άά 

 ɰ  Influence of the brick compressive strength 

  ȟ
Ȣ

  

  with:  

  Ὢȟ  Compressive strength of the masonry unit at 

the time of testing ὔȾάάό 

  Ὢ Normalized mean compressive strength of the 

masonry unit ὔȾάάό 

3.1.3.4 Pull-out of One Brick  

For pulling a brick out of the bond, the brick format is decisive, and the 

anchor type is irrelevant. The characteristic ultimate load is calculated 

according to the Equation (3.9) under the assumption that the head joint 

is not mortared and the compressive stresses in the masonry transverse 

to the bed joint are negligible. The calculation of the bond shear strength 

Ὢ  is based on the most unfavorable mortar compressive strength class 

according to DIN EN 1996-1-1 (EC 6). 

 ὔ ȟ  ὰ Ͻὦ ϽὪ  ὔ  (3.9) 

  ὰ Ͻὦ Ͻπȟπυ  

 with:  

 ὰ  Length of the brick άά 

 ὦ  Width of the brick άά 

 Ὢ  Characteristic shear strength ὔȾάάό 
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  πȟυϽὪ  ὔȾάάό 

  With: 

  Ὢ  Initial shear strength acc. to DIN EN 1996-1-1 

ὔȾάάό    πȟρ ὔȾάάό 

3.1.3.5 Brick Breakout Failure 

The mean ultimate load at brick breakout failure in solid calcium 

silicate brick is calculated with Equation (3.10), which Meyer (2006) 

determined with the help of investigated influences. 

 .ȟ ςȟσϽÆϽὬ Ȣ
 . (3.10) 

 with:  

 Ὢ Compressive strength of the brick ὔȾάάό 

 Ὤ  Effective embedment depth άά 

3.1.3.6 Anchors and Anchor Groups influenced by the Edge 

According to the investigations by Meyer (2006), head joints without 

mortar must be considered as free edges. It was shown that the ultimate 

loads are well reproduced with the method according to CEN (2004) 

(EC2) without the coefficient ɰȟ. The mean load capacity of single 

anchors at the edge and of anchors groups can be calculated according 

to Equation (3.11). 

 ὔȟ ὔȟϽ
ȟ

ȟ
Ͻɰȟ ὔ  (3.11) 

 with:  

 ὔȟ Load capacity of a single anchor without edge influence 

ὔ   ὃȟ Existing projected area of the breakout cone άάό 

 ὃȟ Projected area of the breakout cone when the cone is fully 

formed   ίȟ τϽὧȟ  
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  with:  

  ίȟ Spacing for ensuring the transmission of the 

ultimate load of a single anchor without spacing 

and edge effects άά 

  ὧȟ Edge distance for ensuring the transmission of 

the ultimate load of a single anchor without 

spacing and edge effects άά: 
   Pull-out: ρπϽὨ Ͻ

†ȟ
ρπ

Ⱦ

 

   Brick 

breakout: 

ρȟυϽὬ  

 ɰȟ Factor for consideration of the group effect 

  ɰȟ ρ ɰȟ Ͻ
ί

ίȟ
ρȢπ 

  With:  

  ɰȟ ὲ  

  ‌ πȟχϽρ
†ȟ
†ȟȟ

πȟυ 

  ί Spacing of the anchors άά 

  ὲ Number of anchors 

  
†ȟ  Mean bond strength of a single anchor from 

tests with unconfined test setup ὔȾάάό 

  
†ȟȟ  Calculated max. bond strength ὔȾάάό acc. to 

(3.8) 

3.2 PhD Thesis of Georg Welz (2011) 

The thesis by Welz (2011) deals with the load-bearing behaviour of 

shear loaded injection anchor systems in masonry. The influences of 

various parameters were investigated through tests and theoretical 

considerations. Welz (2011) developed a design model according to 

ETAG 029 (2010) and presented a modification for the interaction 

relationship between shear and tension loads. 

The following sections summarize the investigations and results of 

Welz (2011). 
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3.2.1 Parameters influencing the Load-Bearing 

Behaviour 

The investigations showed that the load bearing-behaviour depends on 

the anchor system, the loading fixture and the base material. These main 

parameters can be subdivided into further subgroups. In summary, 

Figure 3.7 and Figure 3.8 shows the relationship of embedment depth 

to anchor diameter depending on the compressive strength well as the 

expected failure modes depending on the influencing parameters. 

Welz (2011) studied the following parameters: 

¶ Influences of the loading fixture and the load direction 

¶ Influences of the bonded anchor system, such as steel strength, 

drill hole diameter and anchor rod diameter 

¶ Influences of the base material, such as brick compressive 

strength, brick format and embedment depth 

¶ Influences of the installation position, e.g. centred in the brick 

without edge and joint influences, installation at the free edge, 

installation in the area of the head joint and installation in the joint 

¶ Influence of single and group anchors 

The influencing parameters are described below in detail. 
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Figure 3.7: Failure modes in solid bricks - flat loading fixture with spherical 

bearing (Welz (2011)) 

0 5 10 15 20 25 30

0

2

4

6

8

10

12

14
 Steel failure

 Local brick failure

 Local brick + Pry-out/Pull-out

 Pry-out/Pull-out

h
e

f /
 d

s
 [

-]

Compressive strength [N/mm²]  

Figure 3.8: Failure modes in solid bricks - thick loading fixture with full restraint 

(Welz (2011)) 
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3.2.1.1 Influences of the Loading Fixture and the Load 

Application 

To determine the influence of the loading fixture and the load 

application, Welz (2011) varied the thickness of the loading fixture on 

the one hand and the length of the fixture on the other hand. The 

thickness varied from 2 mm to 40 mm and the length of the loading 

fixture from 50 mm to 120 mm. 

The thick loading fixture led to a local material failure and plasticisation 

of the tension rod in the shear joint. As a result, the average ultimate 

loads increased in contrast to the tests with a flat loading fixture. This 

behaviour is due to the fact that the thick loading fixture causes the 

anchor to be clamped and thus leading to an increase in the bending 

resistance. In the case of the flat loading fixture, the anchor can twist 

and represents a hinged connection. Welz (2011) further reported that 

with thick loading fixture, an increase in the ultimate load of 23 % can 

be achieved by increasing the length of the loading fixture. 

3.2.1.2 Influences of the Anchor System 

The anchor system consists of up to three components. These are 

injection mortar, anchor rod and possibly sieve sleeve. Furthermore, the 

individual components can vary, for example the steel strength of the 

anchor rod, the geometry of the anchor rod, the material of the sieve 

sleeve, the geometry of the sieve sleeve, the embedment length, the 

borehole diameter, etc. The influences examined in Welz (2011) are 

discussed below. 

a) Steel strength of the rod 

Welz (2011) investigated threaded rod sizes M8 and M12 with 

steel strength classes 5.8 and 10.9. Size M10 was investigated 

with the steel strength class 8.8. 
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The investigations on solid blocks of lightweight concrete (Vbl2) 

with different steel strength classes show no evident influence on 

local material failure. 

In the tests with calcium silicate plane elements (KSPE12), which 

have a much higher compressive strength, steel failure occurred 

in all the tests. With increasing steel strength, the ultimate load 

per diameter increased proportionally to the steel strength. The 

tests with 4DF calcium silicate bricks were not considered 

because all tests failed by splitting. This type of failure occurred 

because the brick format was too small. The ultimate loads are 

shown in the following diagram. 
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Figure 3.9: Influence of the steel strength in the ultimate loads (Welz (2011)) 

  

 

Brick  Vbl2 -0,5  KSPE12-2,0  KS12 -2,0 -4DF 

ds-dnom -hef M10 -Ø12 -130  M8-Ø10 -80      M12 -Ø14 -80  M10 -Ø12 -80  M12 -Ø14 -80  

Steel grade  5.8  8.8  10.9  5.8  10.9  5.8  10.9  5.8  10.9  5.8  10.9  

fu [N/mm²]  571   938    1173  706   1124   668   1158  707  1173  668  1158  
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b) Anchor rod diameter 

To determine the influence of the anchor rod diameter, 

Welz (2011) investigated anchor rods of sizes M8 to M16 with 

different nominal strengths in solid calcium silicate bricks, solid 

clay bricks, perforated calcium silicate bricks and hollow clay 

bricks. All the tests showed that the mean ultimate load increased 

with increasing anchor rod diameter. Moreover, the results 

showed that the ultimate loads depend on the failure modes. The 

results are shown in Figure 3.10. It can be seen that even within 

the same failure modes, the mean ultimate load increased with 

increasing anchor rod diameter. 
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Figure 3.10: Influence of anchor rod diameters on the ultimate loads of injection 

anchor systems (Welz (2011)) 

  

Brick  KSPE 12 -2,0  KS12 -2,0 -4DF 
Mz12  

2,0 -2DF 

ds M8  M12  M8  M10  M12  M10  M12  M10  M 12  M10 M12  

hef 80  80  80  

Steel grade     5.8               10.9     5.8          10.9  5.8  
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c) Borehole diameter 

Welz (2011) performed tests with five borehole diameters: 

10 mm, 12 mm, 14 mm, 16 mm and 20 mm. The diameters 

10 mm to 14 mm were installed without a sieve sleeve, while the 

diameters 12 mm, 16 mm and 20 mm were installed with a metal 

sieve sleeve. The investigations showed a minor influence of the 

borehole diameter on the ultimate loads. With larger borehole 

diameters, there was a slight increase in the mean ultimate load 

and the failure modes could change, but the scatter is greater in 

the tests with a larger borehole diameter. 

3.2.1.3 Influences of the Base Material 

In order to determine the influence of the base material, Welz (2011) 

varied the parameters of the bricks and carried out the tests on single 

bricks. For this purpose, the brick compressive strength, the brick 

format, the embedment depth and the hole arrangement of the brick 

were examined in more detail. The latter only concerns perforated or 

hollow bricks and is neglected in this thesis. The individual parameters 

and their effects on the load-bearing behaviour of bonded anchors are 

explained below. 

a) Brick compressive strength 

Regardless of the type of failure, the ultimate loads increased with 

increasing brick compressive strength (see Figure 3.11). 
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Figure 3.11: Influence of the brick compressive strength on the ultimate load 

(Welz (2011)) 

b) Brick format 

The influence of the brick format was investigated on solid 

calcium silicate panel elements and on a wall made of 4DF solid 

calcium silicate bricks. The embedment depth was 80 mm for all 

tests. In addition to the brick format, the anchor rod was varied in 

size and nominal strength. 

As can be seen in Figure 3.12, the load-bearing capacities of 4DF 

bricks with higher compressive strength are lower than those of 

the plane element. No influence is seen for the anchor rods with 

low nominal strength. All tests with 4Df bricks failed due to 

splitting in combination with local material failure. This 

ds-dnom -hef M12 -Ø14 -40  M12 -Ø14 -80  M8-Ø16 -84  

Steel grade  10.9  10.9  5.8  

Brick  Vbl2   Vbl6    Vbl12   KSPE12 Vbl6    Vbl12    KSPE12 Vbl2  Vbl6   Vbl12  

fu [N/mm²]  3,2     7,6    14,9    17,9  7,6      14,9     17,9  3,2     7,6     14,9  
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behaviour is due to the fact that the stress that can be absorbed by 

a small brick is limited, and the brick therefore splits. 

 

0

5

10

15

20

25

30

35

40

45

50

 Steel failure

 Splitting with local brick failure

U
lt
im

a
te

 l
o

a
d

 V
u
 [
k
N

]

 

Figure 3.12: Influence of the brick format on the ultimate loads (Welz (2011)) 

c) Embedment depth 

The embedment depth plays a decisive role for the load-bearing 

behaviour, the failure mode and the load-displacement behaviour. 

To determine the influence of the embedment depth, Welz (2011) 

investigated embedment depths from 30 to 100 mm with anchor 

sizes M8 to M16 in different solid bricks. 

The tests results show (see Figure 3.13) that the ultimate load 

increases with increasing embedment depth. A change in the 

failure mode could be observed. At low embedment depth and 

ratio Ὤ ȾὨ τȢπ, the anchor pulled out with backward 

breakout (pry-out). If the embedment depth was sufficient and 

Ὤ ȾὨ τȢπ, the failure mode changed to local brick failure. 

ds-dnom -hef M10 -Ø12 -80  M12 -Ø12 -80  

Steel grade  10.9  5.8  10.9  

Brick  KSPE12   KS12 -4DF KSPE12       KS12 -4DF KSPE12       KS12 -4DF 

fu [N/mm²]  17,9        29,8  17,9         29,8  17,9         29,8  
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If, in addition, the compressive strength of the base material 

increased with the embedment depth, shearing of the anchor rod 

occurred. 
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Figure 3.13: Influence of the embedment depth on the ultimate load in a) KSPE12-

2,0 and B) concrete slab C20/25 (Welz (2011)) 

3.2.2 Single Anchor not Influenced by the Edge 

In higher strength solid brick material, the load-bearing behaviour of 

single anchors corresponds to that of concrete. As with concrete, a 

bowl-shaped spalling forms in front of the anchor. Solid bricks with 

lower strength, on the other hand, will experience local material failure, 

resulting in greater displacement and mire deformation of the anchor 

until the maximum load is reached. In comparison, the stiffnesses are 

lower than with a centric tensile load. This behaviour can be seen in 

Figure 3.14. 

a)     ds-dnom  M12 -Ø14  M10 -Ø12  M12 -Ø14  b)  M12 -Ø14  

Load. fixture  flat  thick/long  thi./sh.    thi./l   thick/short  

hef  40      60  50      80  40       80   40       60  

hef/d nom  2,9     4,2  4,2      6,7  2,9       5,7   2,9      4,2  

Steek grade  10.9  10.9  10.9   12.9  
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Figure 3.14: Comparison of load-displacement behaviour in solid brick or hollow 

brick 

3.2.3 Single Anchor at the Free Edge 

The load-bearing capacity of a single anchor at the free edge is 

influenced by several factors. In addition to the direction of loading, 

these are the edge distance, the brick format, the brick material, the 

mortar type, the joint width and the pre-stressing of the wall panel. The 

type of failure is identical to that of concrete if there are no other 

influences with regard to format and joint. The result is a breakout 

towards the edge. 

In the case of loading, the ultimate load is reached with the formation 

of the first cracks, regardless of the loading direction. The difference is 

that the load capacity is twice high with a load parallel to the edge as 

with a load in direction of the free edge (see Figure 3.15). 

In the case of small-sized bricks, other types of failure can occur whose 

load-bearing behaviour can vary strongly depending on the direction of 

the load. On the one hand, brick splitting can occur, on the other hand, 

it can lead to neighbouring bricks being pulled out of the bond. 

Solid brick 

(Vbl2-0,5) 

Hollow brick 

(Hbl2-0,7-16DF) 
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Figure 3.15: Load-bearing behaviour of transversely loaded injection anchor 

systems at the free edge with loading direction a) perpendicular to 

the edge and b) parallel to the edge (Welz (2011)) 

3.2.4 Single Anchor in the Joint without Edge Influence 

The base material of a single anchor in the joint can be very different. 

Parameters such as joint width, setting position (head joint or bed joint) 

or mortared and unmortared joint can be varied. Even an anchor in an 

unmortared joint can be considered as a fixing in a crack. All this can 

have an unfavourable effect on the load-bearing behaviour. 

To check the load-bearing behaviour in the joint, Welz (2011) 

investigated two embedment depths 50 mm and 80 mm an two anchor 

sizes M8 and M10 with steel grade 5.8 in masonry walls with solid clay 

bricks and hollow calcium silicate bricks. The anchors were installed 

with a metal sieve sleeve. The load was applied in the direction of the 

joint. Despite the different embedment depths and anchor sizes, all 

anchors failed due to steel failure. 

3.2.5 Design Approach by Welz (2011) 

In the following sections, the design of Welz (2011) is summarized for 

solid calcium silicate bricks only. The equations for other base materials 

can be found in his thesis. 

a) b) 
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3.2.5.1 Pull-out Failure under Shear Load 

If the embedment depth is shallow and the loading fixture is thick, the 

anchor may fail prematurely by pull-out. For this purpose, Welz adopted 

the calculation of the tensile load capacity from Meyer (2006). Because 

of the shear load, Welz extended the equation by a k-factor. Thus the 

equation for the single anchor without the influence of the edge or the 

neighbouring anchors is as follows 

 ὠ ȟ ὯϽὔ  . (3.12) 

 ‎ ‎ ςȟυ  

    with:  

 Ὧ ςȟπ for Ὤ φπ άά 

 Ὧ ρȟπ for Ὤ φπ άά 

    Characteristic resistance to tension loads of a single anchor ὔ  

 ὔ ὔ ÍÉÎ ὔ ȟȟὔ ȟȟὔ ȟ   .  (3.13) 

 ὔ ȟ † ȟϽὬ ϽὨϽ“ . Pulling the anchor rod 

out from the mortar 

 ὔ ȟ † ȟϽὬ ϽὨϽ“Ͻɰ    . Pulling the anchor rod 

out from the brick 

 ὔ ȟ ρȟτϽὪϽὬ Ȣ
 . Brick breakout 

For anchors near to the edge and anchor groups, the load-bearing 

capacity of the single anchor is multiplied by the geometric influence 

factor and the group factor. 

 ὔ ὔ Ͻ ȟ

ȟ
Ͻɰȟ  . (3.14) 
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 with:  

 ὔ  Characteristic load-bearing capacity acc. to (3.13) 

 ὃȟ Existing projected area of the breakout cone άάό 

 ὃȟ Projected area of the breakout cone when the cone is fully 

formed άάό 

  ίȟ τὧȟ 

 with:  

 
ίȟ Spacing for ensuring the transmission of the ultimate load 

of a single anchor without spacing and edge effects άά 

 

ὧȟ Edge distance for ensuring the transmission of the 

ultimate load of a single anchor without spacing and edge 

effects άά: 

  Pull-out: ρπϽὨ Ͻ
†

ρπ

Ⱦ

 

  Brick breakout: ρȟυϽὬ  

 ɰȟ  Factor for consideration of the group effect 

  ɰȟ ρ ɰȟ Ͻ
ί

ίȟ
ρȢπ 

  with: 

  ɰȟ ὲ  

  ‌ πȟχϽρ
†

† ȟ
πȟυ 

  ί Spacing of the anchors άά 

  ὲ Number of anchors 
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 †  Characteristic bond stress of a single anchor from 

tests with unconfined test setup ὔȾάάό 

 
 † ȟ  Calculated maximum characteristic bond strength 

ὔȾάάό(3.8) 

 
 

 ρȟτϽ
Ͻ Ȣ

Ͻ
   .ȾÍÍό 

3.2.5.2 Local Brick Failure 

The load-bearing behaviour in case of local brick failure is 

differentiated into four cases. According to this, the thickness of the 

loading fixture and the embedment depth are decisive. In cases A and 

B, the fixture is flat, but the embedment depth changes from small to 

large. For cases C and D, the loading fixture is thick with the same 

changes in embedment depth. 

Flat loading fixture ὸ πȟυϽὨ  

Ὤ  ίάὥὰὰ O  Ὤ  ὰὥὶὫὩ  

Case A: 

 

Case B. 

 

Thick loading fixture ὸ Ὠ  

Ὤ  ίάὥὰὰ O  Ὤ  ὰὥὶὫὩ 

Case C: 

 

Case D: 

 

Figure 3.16 Calculation cases for local brick failure from Welz (2011) 
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The characteristic resistance under shear loading with flat loading 

fixture ὸ πȟυϽὨ   and small embedment depth (case A) is 

calculated as follows: 

 ὠ ȟ πȟχυϽὨ ϽὪȟϽὬ Ѝς ρ .  (3.15) 

 ‎ȟ ‎ ςȟυ   

     with:   

 Ὢȟ Local brick compressive strength ὔȾάάό  

  ‌ ϽὪ  (3.16) 

 

 

‌  Factor for converting the brick compressive 

strength into the local strength, determined from 

tests  

 
 

Ὢ  Characteristic compressive strength acc. to DIN 

.ȾÍÍό 

 Ὤ  Effective embedment depth άά  

 Ὠ  Diameter of the drill bit άά  

 

The characteristic resistance under shear loading with flat loading 

fixture ὸ πȢυϽὨ  and large embedment depth (case B) is 

calculated as follows: 

 ὠ ȟ πȟχυϽςϽ• Ͻὓ ȟȟϽὨ ϽὪȟ .  (3.17) 

 ‎ȟ ρȟυ ‎ Ⱦς ςȟπ   

     with:   
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 ὓ ȟȟ Characteristic plastic section modulus of the anchor 

ὔάά 

  ρȟυϽὡ ϽὪ  (3.18) 

 •  Factor for converting the plastic section modulus of the 

threaded rod to the anchor system  

  ὓ ȟȾὓ ȟ (3.19) 

  with:  

  ὓ ȟ Bending resistance of the injection system 

 
  

Ὂ Ͻί ὃȟϽίȟ ὃȟϽίȟ ϽὪ

ὃȟĘϽίȟĘϽὪĘ 

   with:  

 
  

Ὂ  Tensile force in the sieve sleeve 

. 

    ὃ ϽὪ  

 
  

ὃ , ὃȟ Tensile stressed surface areas of 

sieve sleeve or steel ÍÍό 

 
  

ὃȟ, ὃȟĘ Pressure-stressed surface areas of 

steel or mortar ÍÍό 

 

  

ί , ίȟ, 

ίȟ, ίȟĘ 

Distances of the centre of gravity 

of the surfaces from the zero line 

ÍÍ 

  ὓ ȟ Bending resistance of the anchor rod  

   ρȟχϽὡ ϽὪ   
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   with:   

 
  

Ὢ  Characteristic steel tensile strength 

ὔȾάάό 

The characteristic resistance under shear loading with thick loading 

fixture ὸ Ὠ  and small embedment depth (case C) is calculated 

as follows: 

 
ὠ ȟ πȟχυϽὨ ϽὪȟϽὬ ς

Ͻ ȟȟ

Ͻ ȟϽ
ρ ὔ  (3.20) 

 ‎ȟ ρȟυ ‎ Ⱦς   

     with:   

 Ὠ  Outer diameter of the threaded rod άά  

 Ὢȟ Local brick compressive strength ὔȾάάό acc. to 

Equation (3.16) 

 Ὤ  Effective embedment depth άά 

 ὓ ȟȟ Characteristic plastic section modulus of the anchor 

ὔάά acc. to Equation (3.18) 

The characteristic resistance under shear loading with thick loading 

fixture ὸ Ὠ  and large embedment depth (case D) is calculated 

as follows: 

 ὠ ȟ πȟχυϽςρ • Ͻὓ ȟȟϽὨ ϽὪȟ . (3.21) 

 ‎ȟ ρȟυ   

     with:   

 •  Factor for converting the plastic section modulus of the 

threaded rod to the anchor system  acc. to Equation 

(3.19) 
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 ὓ ȟȟ Characteristic plastic section modulus of the anchor 

ὔάά acc. to Equation (3.18) 

 Ὠ  Outer diameter of the threaded rod άά  

 Ὢȟ Local brick compressive strength ὔȾάάό acc. to 

Equation (3.16) 

The design for local brick failure is determined for the single anchor as 

follows: 

 
ὠ ȟ

ȟ

ȟ
άὭὲ ȟ

ȟ
 .  (3.22) 

     with:   

 Ὥ A, B, C or D  

And for the group anchor as follows: 

 ὠ ȟ ὠ ȟ ρ
ȟȟ

ςϽὠ ȟ  .  (3.23) 

     with:   

 ὠ ȟ  Design value of the load-bearing capacity of the single 

anchor in case of local brick failure acc. to 

Equation (3.22) 

 Ó Spacing of the anchors with a minimum distance of  

ί σὨ υπ άά 

 ίȟȟ  Critical spacing for local brick failure 

= 125 mm 

 

For quadruple fastenings, the coefficient must be determined in both 

directions and multiplied by each other. 
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3.2.5.3 Steel Failure due to Shear Load 

In contrast to ETAG 029 (2010), Welz (2011) reduces the pre-factor and 

establishes the following equation for steel failure due to shear load: 

 ὠ ȟ πȟσψϽὃϽὪȟ .  (3.24) 

     with:   

 ὃ Decisive cross section of the anchor άάό  

 Ὢȟ Nominal characteristic steel ultimate strength ὔȾάάό 

All ὲ anchors with the following requirements are used for group 

fastenings: 

1) Anchor system without sieve sleeve: 

Spacing ί υϽὨ υπ άά (acc. to Fuchs (1990)) 

 Anchor system with sieve sleeve: 

Spacing ί σϽὨ υπ άά 
  

2) Clearance hole in the loading fixture Ὠ may not exceed 

Table 4.1 in Annex C of ETAG 029 (2010) 

3) Edge distance ὧ ρπϽὬ    

If the requirements cannot be met, the most unfavourable case is 

decisive and is used for the evaluation. 

3.2.5.4 Brick Edge Failure 

The load-bearing capacity can be influenced by the dimensions of the 

brick or the overlapping of the breakouts in case of group anchorages. 

If a complete breakout body can form unhindered, the edge failure is 

determined as follows: 

 ὠ ȟ
ȟ

ȟ
Ͻὠ ȟ .  (3.25) 
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 ‎ ‎    

 with:   

 ὠ ȟ ὯϽὬ Ὠϳ
ȟ
ϽὨ ȟϽὪ ȟϽὧ ȟ (3.26) 

  Ὧ πȟςυ load direction to the free edge 

   πȟτυ load direction parallel to the free edge 

  Ὤ  Effective embedment depth άά  

  Ὠ  Outer diameter of the threaded rod άά  

  Ὢ Normalized mean compressive strength of the 

masonry unit ὔȾάάό 

  ὧ Edge distance with a maximum value of 

ὧȟ ÍÁØ
Ὤ

σ
Ƞ
ὦ

ρȟυ
 

 

   Ὤ Height of brick άά  

   ὦ Width of brick άά  

 ὃȟ τȟυϽὧ  άάό 

Projected area of a single anchor 

 

 ὃȟ ρȟυὧϽσὧ ί άάό 

Projected area of a group anchor, which is influenced by 

an edge and a brick thickness Ó 1,5 c1  

3.2.5.5 Pushing out of One Brick 

With edge anchoring, the brick can be pulled out of the wall bond if no 

load is transferred via the bed joint. The load-bearing capacity for 

pulling the brick out of the bond is determined as follows: 

 ὠ ȟ ςϽÌϽÂϽπȟυϽὪ πȟτϽ„  .  (3.27) 
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 ‎ ‎    

 with:   

 ὰ Length of brick άά  

 ὦ Width of brick άά  

 Ὢ  Initial shear strength acc. to DIN EN 1996-1-

1 (2019), Table 5.4 ὔȾάάό 
 

 „ Design compressive strength perpendicular to the 

shear ὔȾάάό 
 

3.2.5.6 Influence of the Joint 

When anchoring in the joint, whether mortared or not, or in the area of 

the joint, no load reduction is applied up to a joint width of 2 mm. For 

head joint widths between 2 and 5 mm, the bearing loads must be 

reduced to 75 % as for tensile loads in accordance with ETAG 

029 (2010). Non-mortared head joints that are larger than 5 mm are 

treated in the same way as when dimensioning an anchor at the free 

edge. 

3.2.5.7 Resistance to Combined Tension and Shear Loads 

The following verifications shall be provided for the combined tensile 

and shear load: 

 ‍ ρȟπ   (3.28) 

 ‍ ρȟπ   (3.29) 

 ‍ ‍ ρȟς   (3.30) 

 with:   

 ‍ ὔ ὔϳ  Ratio between design action and design 

resistance for tension loading 
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 ‍ ὠ ὠϳ  Ratio between design action and design 

resistance for shear loading 

The most unfavourable values are used for verifications. 

3.3 PhD Thesis of Marina Stipetiĺ (2017) 

The load-bearing behaviour of injection anchors in masonry under 

tension, compression, oblique tension and shear loads were investigated 

experimentally and numerically. A test setup was developed for 

anchoring in the single brick in order to be able to obtain comparable 

results to those in masonry. In Stipetiĺôs thesis, mainly hollow bricks 

under tension or shear loading were investigated. In addition, the 

influence of the joint was considered. For this purpose, injection 

anchors were installed in different type of joints and the load-bearing 

capacity was tested. Head joints, bed joints and T-joints were 

investigated. Unfilled and filled joints were examined. Additionally, the 

joint widths were varied. These results of Stipetiĺôs studies are relevant 

to this thesis and are summarized below. 

3.3.1 Influence of the Joint under Tension Loading 

For the tension tests, M6 and M12 threaded rods were installed into 

joints. The anchors installed centrally in the brick serve as reference 

tests. In all tests, the anchors failed with a mixed failure, a combination 

of pull-out and brick breakout. Despite the same failure mode, there are 

differences in the ultimate loads. The results with the different boundary 

conditions are summarized in Figure 3.17 and Figure 3.18. 

The largest reduction for both anchor sizes is the setting position in the 

T-joint with normal bed mortar. It makes no difference whether the 

head joint is mortared or not. In both cases the load reduction is almost 

identical. While the reduction for M6 is 0,73, the reduction for M12 is 

0,64. The highest mean ultimate load for M6 is in the T-joint with thin 

bed mortar in the bed joint and the head joint made of tongue and 
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groove. The mean ultimate load decreases by 0,11. For M12 it is in the 

head joint made by tongue and groove system with a reduction of 0,10. 

This behaviour is due to the fact that the injection mortar is in direct 

contact with the brick and has a higher bond stress. The joint made of 

normal bed mortar has a lower compressive strength and can transfer 

lower loads. 
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Figure 3.17: Ratios in different joints of M6 threaded rods under tension load 

(Stipetiĺ (2017)) 
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Figure 3.18: Ratios in different joints of M12 threaded rods under tension load 

(Stipetiĺ (2017)) 

3.3.2 Influence of the Joint under Shear Loading 

For the shear tests, the same constellations of joints were built as for the 

tensile test. Here, however, the anchor can be loaded in at least two 

directions. In the direction of the joint or in the direction of the brick. 

Except for the T-joint, which can be tested in three directions. In the 

direction of the bed joint, the head joint or in direction of the brick. The 

results of the tests are shown in Figure 3.19 up to Figure 3.22 in relation 

to the reference test in the brick. 

The type of failure depends on the diameter of the anchor. M12 threaded 

rods failed only by local material failure, while M6 threaded rods failed 

mainly by steel failure in addition to local material failure or by pull-
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out. From the tests results, Stipetiĺ derives a load reduction of 50 % for 

local material failure. The highest load reduction occurs when the M12 

threaded rod is pulled out, which is 0,26 on average. This type of failure 

mainly occurs in masonry with normal bed mortar and the load direction 

parallel to the joint. The greatest load reduction results for the M6 

threaded rods installed in a T-joint or bed joint and loaded in the 

direction of the bed joint with a reduction to 0,29. 

The mean ultimate loads ὠȟ  of anchors embedded in the head joint 

with a load direction toward the joint are compared with actualt test 

results in Section 8.3.2. 
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Figure 3.19: Ratios in different joints of M12 threaded rods in masonry with thin 

bed mortar under shear load (Stipetiĺ (2017)) 
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Figure 3.20: Ratios in different joints of M12 threaded rods in normal bed mortar 

under shear load (Stipetiĺ (2017)) 
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Figure 3.21: Ratios in different joints of M6 threaded rods in masonry with thin 

bed mortar under shear load (Stipetiĺ (2017)) 
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Figure 3.22: Ratios in different joints of M6 threaded rods in normal bed mortar 

under shear load (Stipetiĺ (2017)) 

3.3.3 Stipetiĺôs Proposal for Anchorages in the Joint 

Based on her test results, Stipetiĺ proposed the following reduction 

factors or maximum load-bearing capacities for bonded anchors in 

plastered masonry. The reduction factors for the tension load are 

summarized in Table 3.1 to Table 3.2 and for the shear load in 

Table 3.3. 

To summarize, the results show that the joints generally lead to a 

disturbance of stress transfer into the brick. This is fundamentally 

influenced by the type of joint and the anchor size. 
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Table 3.1: Reduction factor for installation in bed or head joint under tension 

loading 

Installation 

position 

Construction of 

the brick wall  
Size 

Reduction 

factor Ŭ [-] 

Max. load-

bearing capacity 

[kN]  

Bed joint or 

head joint 

Normal mortar 
Ó M6 

Ó M12 

0,30 

0,50 

3,0 

- 

Thin-bed mortar Ó M6 0,75 - 

Tongue and 

groove 
Ó M6 0,70 - 

Without mortar Ó M6 0,60 - 

 

Table 3.2: Reduction factor for installation in T-join under tension loading 

Installation 

position 

Construction of 

the brick wall  
Size 

Reduction 

factor Ŭ [-] 

Max. load-

bearing capacity 

[kN]  

T-joint 

Normal mortar / 

normal mortar 

Ó M6 

Ó M12 

0,25 

0,30 

2,5 

- 

Normal mortar / 

without mortar 

or tongue and 

groove 

Ó M6 

Ó M12 

0,30 

0,30 

3,0 

- 

Thin bed mortar 

/ thin mortar 
Ó M6 0,65 - 

Thin bed mortar 

/ without mortar 

or tongue and 

groove 

Ó M6 0,55 - 
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Table 3.3: Reduction factor for installation in joints under shear loading 

Installation 

position 

Construction 

of the brick 

wall 

Size 
Load 

direction 

Reduction 

factor Ŭ 

[-] 

Max. load-

bearing 

capacity 

[kN]  

Bed joint or 

head joint 

Normal 

mortar 

Ó M6 
|| joint 

Ṷ ÊÏÉÎÔ 

- 

0,5 

1,5 

4,5 

Ó M12 
|| joint 

Ṷ ÊÏÉÎÔ 

0,5 

0,5 

5,0 

- 

Thin bed 

mortar 
Ó M6 

|| joint 

Ṷ ÊÏÉÎÔ 
0,5 - 

Tongue and 

groove 
Ó M6 

|| joint 

Ṷ ÊÏÉÎÔ 
0,5 - 

Without 

mortar 
Ó M6 

|| joint 

Ṷ ÊÏÉÎÔ 
0,5 - 

T-joint 

Normal 

mortar / 

normal mortar 

Ó M6 

Ó M12 

|| and Ṷ 

bed joint 

0,5 

0,5 

1,5 

5,0 

Normal 

mortar / 

without 

mortar or 

tongue and 

groove 

Ó M6 

Ó M12 

|| bed 

joint  

0,5 

0,5 

1,5 

5,0 

Ó M6 

Ó M12 

Ṷ ÂÅÄ 

joint  

0,5 

0,5 

1,5 

- 

Thin bed 

mortar / thin 

mortar 

Ó M6 

Ó M12 

|| and Ṷ 

bed joint 

0,5 

0,5 

1,5 

- 

Thin bed 

mortar / 

without 

mortar or 

tongue and 

groove 

Ó M6 

Ó M12 

|| bed 

joint  

0,5 

0,5 

2,0 

- 

Ó M6 

Ó M12 

Ṷ ÂÅÄ 

joint  

0,5 

0,5 

- 

- 
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3.4 Design Methods according to TR 054 (2022) 

This chapter deals with TR 054 (2022) and describes the current design 

of bonded anchors for use in masonry. Only the solid calcium silicate 

brick is discussed in the subchapters. 

In general, the design of the anchorages shall show that the design value 

of actions Ὁ  are not greater than the design value of resistance Ὑ . The 

design value of the resistance results from the quotient of the 

characteristic resistance Ὑ  and the partial factor for material ‎ . 

 Ὁ Ὑ    (3.31) 

 with:   

 Ὁ  Design value of action  

 Ὑ  Design value of resistance  

  Ὑ ‎ϳ   

  With:   

  Ὑ  Characteristic resistance  

  ‎  Partial factor for material  

   For masonry: ‎ ςȟυ  

  

 

For steel under tension loading: 

   ‎
ȟ

ϳ
ρȟτ 

 

  
 

For steel under shear loading with and without lever 

arm:  

   Ὢ ψππὔȾάάό and Ὢ Ὢϳ πȟψ 

      ‎
ȟ

ϳ
ρȟςυ 
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   Ὢ ψππὔȾάάό and Ὢ Ὢϳ πȟψ 

      ‎ ρȟυ 

3.4.1 Resistance to Tension Loads 

TR 054 deals with the resistance to tension loads for the failure modes 

steel failure, pull-out failure of the anchor, brick breakout failure, pull-

out of one brick from the bond and the influences of the joint. For the 

failure modes pull-out failure and brick breakout failure with the 

respective minimum spacing and edge distances, reference is made to 

the respective ETA, as there is no equation for determining the 

characteristic resistance. The required proofs and the equation of the 

characteristic resistances of various failure modes are described in the 

following subchapters. 

3.4.1.1 Steel Failure 

Required proof: 

 ὔ ὔ ȟȾ‎  .   

Characteristic resistance of an anchor in case of steel failure is, 

 ὔ ȟ ὃϽὪ  .  (3.32) 

 with:   

 ὃ Decisive cross section of the anchor άάό 

 Ὢ  Nominal characteristic steel ultimate strength ὔȾάάό 

3.4.1.2 Pull-out Failure of the Anchor 

Required proof: 

 ὔ ὔ ȟȾ‎  .   
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There is no equation for the characteristic resistance in case of failure 

by pull-out of the anchor, therefore reference is made to the relevant 

ETA. 

3.4.1.3 Brick Breakout Failure  

Required proof: 

 ὔ ὔ ȟȾ‎  .   

There is no equation for the characteristic resistance in case of failure 

by brick breakout, therefore reference is made to the relevant ETA. 

3.4.1.4 Brick Pull -out and Combined Failure 

Required proof: 

 ὔ ὔ ȟ Ⱦ‎  .   

The characteristic resistance of an anchor in case of pull-out of one 

brick is as follows 

Non-mortar filled vertical joints: 

 ὔ ȟ ȟ  ςϽὰ Ͻὦ  (3.33) 

  ϽπȟυϽὪ πȟτϽ„  .  

Mortar filled vertical joints: 

 ὔ ȟ ȟ  ὔ ȟ ȟ  (3.34) 

  ςϽὰ ϽὬ ϽπȟυϽὪ  .  

     with:   

 ὰ  Length of the brick άά  

 ὦ  Width of the brick άά  
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 Ὢ  Initial shear strength acc. to DIN EN 1996-1-1 (2005), 

Table 3.4 ὔȾάάό 

 „ Minimum design compressive strength perpendicular to 

the shear ὔȾάάό 

3.4.1.5 Influence of the Joint 

Required proof: 

 ὔ ‌ȟϽὔ ȟȾ‎  .   

 ὔ ‌ȟϽὔ ȟȾ‎  .   

Reference is made here to the respective ETA, but if no information is 

provided the following conditions apply with the following reduction 

factors: 

a) ‌ ρȟππ: For setting position in the brick and the joints are 

completely filled with mortar 

b) ‌ ρȟππ: The joints are not completely filled with mortar and 

the edge distance to the joint is ὧ ὧ  

c) ‌ πȟχυ: The joints are not completely filled with mortar and 

the edge distance to the joint is ὧ ὧ  

3.4.2 Resistance to Shear Loads 

TR 054 deals with the resistance to shear loads for the failure modes 

steel failure, local brick failure, brick edge failure, pushing out of one 

brick and the influence of the joints. However, the influence of the 

joints does not indicate the reduction factor by which the resistance is 

to be multiplied if the minimum edge distance cannot be maintained if 

the joints are not completely filled. For the failure mode local brick 

failure with the respective minimum spacing and edge distances, 

reference is made to the respective ETA. The required proofs and the 
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equation of the characteristic resistances of various failure modes are 

described in the following subchapters. 

3.4.2.1 Steel Failure 

Required proof: 

 Without lever arm: 

ὠ ὠ ȟȾ‎  . 
  

 With lever arm: 

ὠ ὠ ȟȟȾ‎  . 
  

The characteristic resistance of an anchor in case of steel failure is 

distinguished between with and without lever arm and is as follows, 

Without lever arm: 

 ὠ ȟ πȟυϽὃϽὪȟ .  (3.35) 

 with:   

 ὃ Decisive cross section of the anchor άάό 

 Ὢȟ Nominal characteristic steel ultimate strength ὔȾάάό 

With lever arm: 

 ὠ ȟȟ
Ͻ ȟ

 .  (3.36) 

     with:   

 ὰ Lever arm acc. to TR 054 (2022), Equation (3.1) άά 

 ‌  Depends on the degree of restraint of the anchor (see TR 

054 (2022); Section 3.2)  

 ὓ ȟ ὓ ȟ ρ
ȟ

 .Í 
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  ὓ ȟ Acc. to the relevant ETA .Í 

  ὔ  Design values of actions under tension load . 

  ὔ ȟ Design value of resistance to steel failure of the 

anchor under tension load . 

3.4.2.2 Local Brick Failure  

Required proof: 

 ὠ ὠ ȟȾ‎  .   

There is no equation for the characteristic resistance in case of local 

brick failure, therefore reference is made to the relevant ETA. 

3.4.2.3 Brick Edge Failure 

Required proof: 

 ὠ ὠ ȟȾ‎  .   

For determination of the characteristic resistance in case of brick edge 

failure the following equation may be used, 

 ὠ ȟ ËϽὨ ȟϽὬ Ὠϳ
ȟ
ϽὪ ȟϽὧȟ . (3.37) 

 with:   

 Ὧ πȟςυ Load direction is to the free edge 

  πȟτυ Load direction is parallel to the free edge 

 Ὠ  Outer diameter of the threaded rod άά 

 Ὤ  Effective embedment depth άά 

 Ὢ Normalized compressive strength of masonry unit 

ὔȾάάό 

 ὧ Edge distance with ὧ ὧ  άά 
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If the anchor is installed in the last brick at the edge, the 

loading direction is towards to the free edge and there is 

no load transfer to the upper and lower brick, than 

ὧ ÍÁØ ὦ ρȟυϳ Ƞ Ὤ σϳ   

3.4.2.4 Pushing out of one Brick 

Required proof: 

 ὠ ὠ ȟ Ⱦ‎  .   

The equation for the characteristic resistance in case of pushing out of 

one brick is as follows, 

 ὠ ȟ ςϽὰ Ͻὦ ϽπȟυϽὪ πȟτϽ„  . (3.38) 

 With:   

 ὰ  Length of the brick άά  

 ὦ  Width of the brick άά  

 Ὢ  Initial shear strength acc. to DIN EN 1996-1-1 (2005), 

Table 3.4 ὔȾάάό 

 „ Minimum design compressive strength perpendicular to 

the shear ὔȾάάό 

3.4.2.5 Influence of the Joint 

Required proof: 

 ὠ ‌ȟϽὠ ȟȾ‎  .   

For the characteristic resistance, reference is made here to the respective 

ETA. If the joints completely filled with mortar and the setting position 

is in the brick, then the characteristic resistances ὠ ȟȠ ὠ ȟȠ ὠ ȟ and 

ὠ ȟ may be used. If the joint is not completely filled with mortar, the 
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joint is treated as a free edge and the edge distance to the joint has to be 

greater than or equal to the minimum edge distance. 

3.4.3 Resistance to Combined Tension and Shear Loads 

The following verifications shall be provided for the combined tension 

and shear loads: 

 ‍ ρȟπ   (3.39) 

 ‍ ρȟπ   (3.40) 

 ‍ ‍ ρȟς   (3.41) 

     With:   

 ‍ ‍  Ratio between design action and design resistance for 

tension (shear) loading acc. to TR 054 (2022); 

Section 4.4 
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4 Experimental Investigations 

This chapter focuses on the experimental investigations. The test 

programme, the fastener systems, the base material and the test 

procedures are described in more detail. The measuring equipment is 

also shown and described in the test descriptions. 

4.1 Test Program 

Table 4.1. to  

Table 4.2 provide a general overview of the tests carried out. Table 4.1 

lists the tension tests carried out.  

Table 4.2 lists the tests for shear loading. To investigate the load-

bearing behaviour of bonded anchors in solid calcium silicate brick, the 

material properties were also examined in addition to the tension tests 

and shear tests. 

The more detailed test programmes with the varied parameters are listed 

in the respective chapters with different failure modes. 
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Table 4.1: Tension tests of bonded anchors and undercut anchors in calcium 

silicate bricks 

Series Description Chapter 

1 

Tension test on a single anchor embedded in a masonry 

unit with variation of the support width; 

Installation: with sieve sleeve 

5.1 

6.1 

7.1 

2 

Tension test on a single anchor embedded in a masonry 

unit with variation of the support width; 

Installation: without sieve sleeve 

5.1 

6.1 

7.1 

3 

Tension test on a single anchor embedded in a masonry 

unit of a wall with variation of the support width; 

Installation: with sieve sleeve 

5.1 

6.1 

7.1 

4 

Tension test on anchor groups embedded in a masonry 

unit with variation of edge distance and spacing of the 

anchors; 

Installation: with sieve sleeve 

6.2 

6 

Tension test with anchor groups (variation of spacing s) 

and single anchors (variation of edge distance c) with 

confined test setup; 

Installation: with sieve sleeve 

5.2 

7 
Tension test with undercut anchor (M10 and M16) with 

variation of the embedment depth 
6.1 

8 

Tension test with anchor groups (variation of spacing) and 

single anchors (variation of edge distance) with 

unconfined test setup; 

Installation: without sieve sleeve 

6.2 

9 

Tension test with confined test setup on a single anchor 

embedded in a masonry unit and masonry wall with 

different brick dimensions and compressive strength 

class; 

Installation: with sieve sleeve 

5.2 

7.1 

10 

Tension test with unconfined test setup on a single anchor 

embedded in a masonry unit and masonry wall with 

different brick dimensions and compressive strength 

class; 

Installation: with sieve sleeve 

6.3 

7.1 
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Table 4.2: Shear tests of bonded anchors in calcium silicate bricks 

Series Description Chapter 

1 

Shear test with anchor groups (variation of spacing and edge 

distance) and single anchors (variation of edge distance); 

Installation: with sieve sleeve 

8.2 

9.1 

9.2 

2 

Shear test on a single anchor embedded in a joint of a wall 

with variation of the joint width; 

Installation: with sieve sleeve 

8.3.2 

3 

Shear test on a single anchor with variation of the edge 

distance; 

Installation: without sieve sleeve 

8.2 

9.1 

9.2 

 

4.2 Description of the Fastener Systems 

4.2.1 System I ï Chemical Injection System 

The chemical injection system consists of the following components: 

¶ Chemical injection mortar 

¶ Equipment for mixing and dispensing 

¶ Equipment for borehole cleaning and injection 

¶ Anchorage material 

The components used in the tests were delivered to IWB from the 

manufacturer. In Figure 4.1 shows the chemical injection system with 

the mortar in a side-by-side cartridge, the corresponding static nozzle, 

the anchor rod with nut and washer and the plastic sieve sleeve. 
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Figure 4.1: Chemical injection system for use in masonry 

4.2.1.1 Chemical injection mortar and dispenser 

The mortar is a styrene-free vinyl ester hybrid mortar consisting of two 

components, the hardener and the fillers. The two components are 

stored separately in a two-chamber cartridge. This is inserted into a 

special manual dispensing gun. A static mixing nozzle, which is 

screwed onto the cartridge, ensures that the components are mixed 

correctly. This allows the components to combine and react. The first 

strokes must be discarded until a uniform colouring of the mortar is 

visible. The mortar used for the tests is filled into a 360 ml cartridge. 

4.2.1.2 Fastener and Sieve Sleeve 

The tested threaded rods are a part of the injection system. The threaded 

rods with size M8 and a length of 130 mm were sent from the 

manufacturer to the IWB. The property class of the galvanized M8 

threaded rods was 8.8. The threaded rods with size M12 were provided 

by the IWB. The material properties were equivalent to the properties 

given in the respective ETA. 

The sieve sleeve, made of plastic (polypropylene / polyethylene), is a 

part of the injection system. Only the 12x50 size was used for the tests, 
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which was only used in combination with the M8 threaded rod. The size 

specifications refer to the diameter and the embedment depth. 

4.2.1.3 Installation  

The installation of the anchors was performed according to the 

Manufacturerôs Printed Installation Instructions (MPII). 

To install the anchors, a hole was drilled into the solid calcium silicate 

brick to the required depth using a rotary hammer and a hardened metal 

drill bit with a cutting diameter dcut,m between the permissible limits. 

All boreholes were drilled with use of a drilling rig to ensure 

perpendicular drilling. 

After drilling, the hole was thoroughly cleaned in accordance with the 

MPII as follows: 

¶ 2x blowing with hand pump 

¶ 2x brushing 

¶ 2x blowing with hand pump 

The anchor can be installed in solid bricks with or without a sieve 

sleeve, on perforated or hollow bricks only with a sieve sleeve. As both 

variants were used for this work, the respective installations are 

additionally explained. 

Installation with sieve sleeve: After cleaning, the sieve sleeve was 

pressed down to the bottom. The hole was filled with adhesive through 

the sieve sleeve and the threaded rods were pressed onto the bottom of 

the sleeve. 

Installation without sieve sleeve: After cleaning, the hole was filled 

with adhesive and the threaded rods were pressed in to the required 

embedment depth. 

The curing time of the mortar depends on the temperature. As the tests 

were carried out at Ó 19°C, two temperature ranges must be observed. 

At > 10°C to 20°C the curing time is 60 minutes and for the temperature 
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range > 20°C to 30°C 45 minutes. Nevertheless, the tests were carried 

out after 60 minutes the earliest. 

4.2.2 System II ï Undercut Anchor 

The undercut anchor is a self-cutting anchor and consist of the 

following components: 

¶ Undercut anchor 

¶ Stop drill bit 

¶ Setting tool 

The components, as shown in Figure 4.2, used in the tests were 

delivered to the IWB from the manufacturer. 

 

Figure 4.2: Undercut anchor with setting tool and stop drill bit (from top to 

bottom) 

4.2.2.1 Undercut Anchor 

The undercut anchor consists of a conical bolt, an expansion sleeve, a 

nut and a washer. While the sleeve is made of carbon steel, the bolt is 

made of galvanized and cold formed grade 8.8 steel. The undercut 

anchor is for use in cracked and uncracked concrete. There is no EAD 

for this type of mechanical anchor for use in masonry. The sizes 
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M10x100/20 and M16x190/40 were used for the tests. The values after 

the thread size are the anchorage depth and thickness of the fixture. 

4.2.2.2 Installation  

The undercut anchor is installed using the in-place method in 

accordance with the MPII. To do this, a hole is drilled through the 

fixture to the solid calcium silicate brick to the required depth using a 

rotary hammer and a hardened metal drill bit. A special drill bit is used 

for this, which stops at the specified fixture thickness and cannot drill 

any deeper. The thickness of the fixture was therefore varied in order to 

achieve different anchorage depths. All boreholes were drilled with use 

of a drilling rig to ensure perpendicular drilling. 

After drilling, the hole was thoroughly cleaned with a hand pump. 

Thereafter the anchor was pressed to the bottom and with the setting 

tool an undercut was formed. Afterwards the required installation 

torque (Ὕ ) was applied with a calibrated torque wrench. Finally, 

static tension tests were carried out as described in Section 4.4. 

4.3 Base Materials 

4.3.1 Bricks 

Calcium silicate bricks with different compressive strength classes 

served as base material. The bricks were produced by the building 

materials factory E.Bayer Baustoffwerke GmbH & Co. KG according 

to DIN EN 771-2. To check the dependence on the brick format, bricks 

were cut from the large-format calcium silicate brick for certain test 

series. This allowed a better comparison to be made. The brick 

dimensions used are summarized in Table 4.3 and shown in Figure 4.3 

and Figure 4.4. 

The material properties of the bricks and mortar were determined 

according to DIN EN 771-2 (2015) and DIN EN 1015-11 (2020) at 

MPA University of Stuttgart. The results of the material properties are 
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summarized in Table 4.4 and Table 4.5. The bricks were stored at 

normal ambient temperature. 

Table 4.3: Dimensions of the used bricks 

Brick  
Length l 

[mm] 

Width b  

[mm] 

Height h 

[mm] 

Compressive 

strength class 

[N/mm²] 

NF 240 115 71 12 

2DF 240 115 113 12 

3DF 240 175 113 12 

4DF 248 248 115 12 

8DF 498 248 115 12 

PE (basys 1) 998 300 498 16; 20 

PE (basys 1) 998 300 623 16 

 

 

Figure 4.3: Example of used bricks with dimensions NF, 2DF and 3DF 
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Figure 4.4: Drawing of the bricks 

 

Table 4.4: Material properties of the bricks 

Brick  
Compressive 

strength [N/mm²] 

Splitting tensile 

strength [N/mm²] 

Flexural strength 

[N/mm²] 

Youngôs modulus 

[N/mm²] 

NF 

(240/115/71 mm) 
21,6 2,07 3,85 9366 

2DF 

(240/115/113 mm) 
15,0 2,04 4,74 10585 

3DF (02.02.22) 

(498/175/113 mm) 
19,1 2,01 4,98 8537 

3DF (05.07.21) 

(498/175/113 mm) 
20,0 - - - 

basys 1 

(998/240/498 mm) 
25,4 2,82 6,34 10794 

basys 1 

(998/300/498 mm) 
18,1 2,36 4,99 10726 

basys 1 

(998/300/623 mm) 
21,2 - - - 

 

PE 

PE 
8DF 

4DF 

NF 

2DF 

3DF 
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Table 4.5: Material properties of the mortar 

Weber.mix Compressive strength [N/mm²] Flexural strength [N/mm²] 

Weber.mix 610 

19.03.2020 
11,1 4,4 

Weber.mix 610 

03.03.2022 
9,5 3,20 

4.3.2 Masonry Bond 

A supporting structure for masonry bond was created to carry out the 

tests. Figure 4.5 shows an example of a header bond with 2DF bricks 

and a stretcher bond with NF bricks. The structure consists of a lower 

and upper support bracket made of steel channel, a planar formwork 

made of wood on the back of the wall and threaded rods on the sides 

(small wall) additional a third in the middle (bigger wall) for pre-

stressing. 

The masonry bond was built up on the lower steel profile in the usual 

manner against the vertical formwork, which was connected to the 

lower steel profile. The upper steel profile, which was connected to the 

lower steel profile via threaded rods, was placed over the last layer of 

bricks on a final layer of mortar. By tightening the nuts of the threaded 

rods, the wall was pre-stressed in the vertical direction. After that, the 

formwork was connected to the upper steel profile. 

After a curing time of 4 weeks, the wall was placed in a horizontal 

position. A pre-stress of 0.2 N/mm² was applied via the threaded rods. 

Finally, the tests were carried out as described in Section 4.4. 
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Figure 4.5: Header bond with 2DF bricks and stretcher bond with NF bricks 

For the tests in the mortar joint, joints were formed from two 4DF 

bricks. The individual procedures are shown in Figure 4.6. As different 

joint widths were investigated, 2/3 of the joint was mortared. In the 

centre area, where there was no mortar, wooden strips of different 

thicknesses were laid to create the different joint widths (see Figure 

4.6 b)). The second brick is then pressed onto the mortar and both bricks 

are clamped in place using two screw clamps. To ensure that the joint 

width can be guaranteed, the wooden strips are only pulled out of the 

joint once the mortar has reached a certain degree of hardening. In the 

next step, a mortar bed is applied to the lower steel profile, on which 

the bricks are laid. The mortar joint is perpendicular to the mortar bed. 

The upper steel profile, which was connected to the lower steel profile 

via threaded rods, was placed over the bricks on a final layer of mortar. 

By tightening the nuts of the threaded rods, the test specimen was pre-

stressed in the vertical direction. After that, the formwork was 

connected to the upper steel profile. 

After a curing time of 4 weeks, the wall was placed in a horizontal 

position. A pre-stress of 0.2 N/mm² was applied via the threaded rods. 

Finally, the tests were carried out as described in Section 4.4. 
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Figure 4.6: Production of the test specimens for anchoring in the mortar joint 

4.4 Description of the Testing Procedure 

The tests were performed based on EAD 330076-00-0604. The tests 

were carried out in solid silicate calcium bricks detailed in Section 4.3. 

The anchors were installed according to the manufacturerôs intallation 

instructions (see Sections 4.2.1.3 and 4.2.2.2). In the following 

subchapters, the used equipment for the measurement of the 

displacements or loads and the testing procedure are described in 

general. The individual test series and their test setups are described in 

more detail in Panzehir (2021) and Panzehir (2022). 

ba c

d e f

g
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4.4.1 Measurement of the displacements and cracks 

Measuring vertical displacements: 

The vertical anchor displacements were measured using the indirect 

measurement method with the aid of an analogue inductive sensor 

(LVDT), which converts the linear movement into electrical signal. For 

this purpose, the displacement is transmitted to the LVDT via a wire 

that is attached to the anchor with a magnet. 

Measuring horizontal displacements and crack widths: 

During the shear load tests, horizontal displacements of the anchor was 

measured on the direction of the force action line. The LVDT was glued 

to the surface of the masonry and touched the loading fixture. 

Crack formation was also measured during these tests. For this purpose, 

LVDTs were glued to the surface of the masonry in the area of the 

expected crack formation, which touched an aluminium angle. 

These measurements are shown as an example in Figure 4.7. 

 

Figure 4.7: An example of the measurement of horizontal displacement and 

crack measurements 
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4.4.2 Tension Tests 

The test setup for static tension tests is basically the same. On the one 

hand, a distinction is made between wide (unconfined) and narrow 

(confined) supports. On the other hand, the setup changes for multiple 

fixings. In the latter case, only the loading fixture differs. The load is 

applied to the anchor as follows: 

The load transfers with the use of a threaded rod from the cylinder to 

the loading fixture and finally to the anchor, which is fastened with a 

nut, as shown in Figure 4.8. The load ranges of the hydraulic cylinder 

and the calibrated load cell were chosen according to the expected load. 

The ultimate load was reached within 3 minutes. The load and the 

anchor displacement were recorded by using the commercial data 

acquisition software Catman. In order to be able to vary from a wide to 

a narrow support, a circular recess was made in the lower triangular 

plate. Ring-shaped inserts are used to reduce the support width (see 

Figure 4.8 c)). 
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Figure 4.8: An example of test setup of static tension tests with various support 

widths 

4.4.3 Shear Tests 

The load in shear is similar to tension and is applied as follows. 

The load transfers with the use of a threaded rod from the cylinder to 

the loading fixture and finally to the anchors which are fastened with a 

nut, as shown in Figure 4.9. The load ranges of the hydraulic cylinder 

and the calibrated load cell were chosen according to the expected load. 

The ultimate load was reached within 3 minutes. The load and the 

anchor displacement were recorded by using the commercial data 

acquisition software Catman. In addition, there is Teflon under the 

a) 

b) 

c) 
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loading fixture to eliminate the frictional forces between the loading 

fixture and the masonry. 

All shear tests were carried out in the direction of the free edge and the 

bricks were supported in accordance with EAD 330076-00-0604 

(2014), as shown in Figure 4.10. 

 

 

Figure 4.9: An example of a test setup of static shear tests on group anchors 
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Figure 4.10: Support of the shear tests acc. to EAD 330076-00-0604 (2014) 

4.4.4 Three-Point Bending Tests 

Three-point bending tests were carried out to determine the flexural 

strength of the solid calcium silicate brick. These were carried out at the 

MPA of the University of Stuttgart in accordance with DIN EN 772-6 

(2002). Various beam sizes were tested. The sizes of the bending beams 

were doubled. Only the last size was enlarged by a factor of 1,5, as it 

was not possible to saw larger test specimens with the plane element 

block. The test beams were sawn from plane element blocks so that all 

test specimens come from one batch and the test results are only 

influenced by the specimen size. The thicknesses and widths of the 

beams were 20 mm, 40 mm, 80 mm and 120 mm. Furthermore, the 

span lengths were 50 mm, 100 mm, 200 mm and 300 mm. A schematic 

representation of the test procedure is shown in Figure 4.11. The beams 

have not a notch on the underside. During the test, the beams were 

placed on two roller supports with the required span length. Another 

roller with the same diameter as the lower rollers, located in the centre 
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of the beam, is used to apply the load from above. For this, the load is 

applied continuously and without impact until failure. 

 

Figure 4.11: Schematic drawing of the three-point bending test 
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5 Pull-out Failure under Tension Loading 

This chapter focuses on the load-bearing behaviour of bonded anchors 

in case of pull-out failure under tension loading. At the beginning, the 

single anchor is tested without edge influence. Then the edge influence 

is considered, followed by the behaviour of group anchorages. 

In the current design method TR 054 (2022), a reference is made to the 

respective European Technical Assessment (ETA) for the failure mode 

pull-out, as there is no design for this failure mode. In this thesis, the 

design of bonded anchors in concrete (TR 029 (2010)) is taken as a basis 

for the derivation of the design in solid calcium silicate brick, as it can 

be assumed that the solid calcium silicate brick has a similar behaviour 

to concrete. 

5.1 Single Anchor without Edge Influence 

5.1.1 Experimental Program 

The tests with bonded anchors (BA) were carried out in bricks of 

various dimensions. Bonded anchors with and without sieve sleeves 

were investigated. The injection mortar consisted of two components 

that are stored in a 2-chamber cartridge. The two components combine 

and react when dispensed through a static mixing nozzle. In all tests, 

threaded rods of size M8 with a steel grade of 8.8 were used. The plastic 

sieve sleeves with a diameter of 12 mm corresponded to the borehole 

diameter of 12 mm. The embedment depth for all tests was 50 mm. 

Solid calcium silicate bricks in the dimensions 4DF, 8DF and plan 

elements (PE) with a compressive strength class (CSC) of 12 N/mm² 

and 16 N/mm² and a bulk density class of 2,0 kg/dm³ were used as base 

material. The nominal compressive strengths (Ὢ) of the bricks were 

determined according to DIN EN 772-1 (2016) at the MPA of the 

University of Stuttgart and are in Table 5.1 listed. The tests were carried 
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out with an unconfined or confined test setup. The test setups are 

described in Section 4.4.2. 

Table 5.2 contains a summary of the performed tests. The designation 

of the test series starts with the type of fastener: in this case bonded 

anchor (BA). This is followed by the test setup, confined setup (C) or 

unconfined setup (UC). Then comes the brick format and lastly, if the 

anchor was installed with a sieve sleeve (s) or not 

Table 5.1: Brick compressive strength acc. to DIN EN 772-1 (2016) 

Brick format  CSC [N/mm²] █╫ [N/mm²] 

4DF 12 11,0 

8DF 12 15,2 

PE 16 21,2; 18,1 

 

Table 5.2: Test program of single anchors without edge influence in various brick 

format and support width ï Failure mode pull-out 

Test setup Test 
No. of 

tests 
Brick format  

Sieve sleeve 

[Yes / No] 

Confined 

BA-C-4DF-s 10 4DF Y 

BA-C-4DF 5 4DF N 

BA-C-8DF-s 5 8DF Y 

BA-C-PE-s 14 PE Y 

Unconfined 

BA-UC-4DF 5 4DF N 

BA-UC-8DF-s 5 8DF Y 

BA-UC-PE-s 5 PE Y 

5.1.2 Test Results 

In total, 7 tests series with 44 tests were carried out, whereby tests with 

pull-out failure only were evaluated. Table 5.3 summarises the results 

of single anchors with the failure mode pull-out. The first column is the 

test designation. In the following columns the brick format, the 

compressive strength Ὢ, the mean ultimate load ὔȟ  and the 

coefficient of variation (cov) are given. 
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The failure mode pull-out occurred in approx. 77 % of the tests. 18,2 % 

of the tests failed by mixed failure. This failure mode is a combination 

of the failure modes pull-out and brick breakout. The failure modes 

brick breakout and splitting occurred only once and together correspond 

to approx. 4 %. In the following, only tests with pull-out are included 

in the evaluation. 

Table 5.3: Test results of single anchors under tension loading without edge 

influence and various support width ï Failure mode pull-out 

Test Brick format  █╫ [N/mm²] ╝◊ȟ□ ▓╝ cov Ϸ  

BA-C-4DF-s 4DF 11,0 9,19 9,4 

BA-C-4DF 4DF 11,0 12,77 8,6 

BA-C-8DF-s 8DF 15,2 9,46 14,4 

BA-C-PE-s PE 18,1 14,53 9,8 

BA-UC-4DF 4DF 11,0 10,14 - 

BA-UC-8DF-s 8DF 15,2 7,31 - 

BA-UC-PE-s PE 21,2 8,31 6,9 

5.1.3 Influence of the Support Width ï ♪▼▄◄◊▬ 

Similar to in concrete, the support width influences the bond strength 

in solid calcium silicate bricks. The bond stresses from the pull-out tests 

with a confined test setup are greater than those from tensile-loaded 

single anchor with unconfined test setup. This influence is determined 

with the ratio †ȟ  to †ȟ  and is defined as ‌ . To 

illustrate this influence, load-displacement curves are shown in Figure 

5.1. This figure shows the load-displacement curves of bonded anchors 

tested with confined and unconfined test setup. The black curves are the 

bonded anchors installed with sieve sleeve and the blue ones without 

sieve sleeve. Furthermore, the curves with a solid line present the tests 

tested with a confinement. The dashed line are the load-displacement 

curves of tests performed without confinement. It can be seen in both 

cases the loads increase by approx. 20 % from unconfined to confined 

test setup. 



Pull-out Failure under Tension Loading 
 

 

102 

0,0 0,5 1,0 1,5 2,0 2,5 3,0

0

4

8

12

16

L
o
a

d
 [
k
N

]

Displacement [mm]

 Confined - with sieve sleeve

 Unconfined - with sieve sleve

 Confined - without sieve sleeve

 Unconfined - without sieve sleeve

 

Figure 5.1: Load-displacement curves of single anchors with various test setup 

In order to be able to make a general statement on the factor ‌  in 

solid calcium silicate brick, all results with pull-out failure are plotted 

in a graph as a function of the confinement by the test setup (see Figure 

5.2). As in the previous diagram, the results of the anchors installed 

with sieve sleeve are illustrated black and without sieve sleeve in blue. 

The plotted curves represent the load reduction and thus the reduction 

of the bond stress due to the support of the test setup. According to the 

results, ‌  is between 0,70 and 0,80. To be on the safe side, the 

bond stress of bonded anchors with wide support width †ȟ  is 

determined as follows: 

†ȟ ‌ Ͻ†ȟ  (5.1) 

with:   

 ‌  πȟχυ  
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 †ȟ  Mean bond strength determined with confined test 

setup ὔȾάάό 

   
According to EAD 330499-01-0601 (2018) ‌  for bonded anchors 

in non-cracked concrete is 0,75 and therefore corresponds to the current 

findings for solid masonry. 
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Figure 5.2: Normalized ultimate loads Nu,norm  of anchors tested with a confined 

or unconfined test setup 

For illustration purposes, the loads calculated according to 

Equation (5.2) are shown in Figure 5.3 for the test results with sieve 

sleeve (designation with s) and variation of the support width (C: 

confined; UC: unconfined). The x-axis illustrates the failure load of the 

tests, whereas the y-axis the calculated pull-out load of a single anchor 

without edge influence according to the equation for pull-out in 

concrete (TR 029 (2010)) and Equation (5.2). In this case, the average 

bond strength determined empirically †ȟ  = 9,0 N/mm² is considered. 

The calculation is made according to the following equation. 
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ὔȟ †ȟ ϽὨϽ“ϽὬ Ͻ‌  (5.2) 

With:   

 †ȟ  Mean bond strength determined with confined 

test setup 

 

 Ὠ Diameter of the anchor [mm]  

 Ὤ  Effective embedment depth [mm]  

 ‌  πȟχυ for unconfined test setup  

  ρȟππ for confined test setup  

    In Figure 5.3, the red dotted line represents the ratio between the 

calculated pull-out load and the experimental load equal to 1,0. On 

average, there is a good agreement between the test results and the 

calculated loads. The average ratio of the calculated load ὔȟ to the 

measured load ὔ  is 1.04. The conversion of the bond strength from 

confined to unconfined test setup is on the safe side. 
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Figure 5.3: Comparison of calc. ultimate load ὔȟ to measured loads ὔ  
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It is assumed that the load bearing behaviour of bonded anchors in solid 

calcium silicate brick is comparable to the load-bearing behaviour in 

concrete, so that it makes sense to determine the pull-out failure mode 

in the same way. Furthermore, in the tests with sieve sleeve, mainly the 

anchor rods were pulled out of the sieve sleeve and not the sieve sleeve 

out of the drilled hole. Thus, a load transfer takes place between the 

anchor rod and the sieve sleeve. 

5.2 Anchor Groups and Edge Influence 

5.2.1 Experimental Program 

To investigate the influence of the edge distance ὧ and spacing ί, tests 

were carried out with bonded anchors as single and group anchorages 

in solid calcium silicate bricks. The same bonded anchor system as in 

the previous section was used. Threaded rods of sizes M8 with steel 

grade 8.8 were used as anchors. The anchors were installed with sieve 

sleeve. In all the tests, the borehole and the sieve sleeve had a diameter 

of 12 mm. The anchors were installed with an embedment depth Ὤ  of 

50 mm. Solid calcium silicate bricks with the dimensions NF, 2DF, 

3DF and plan elements (PE) with a compressive strength class (CSC) 

of 12 N/mm², 16 N/mm² and 20 N/mm² were used as base material. All 

bricks had a bulk density class of 2,0 kg/dm³. The compressive strength 

Ὢ of the bricks was tested according to DIN EN 772-1 (2016) at the 

MPA of the University of Stuttgart. The compressive strengths are 

summarized in Table 5.4. The tests were carried out in single masonry 

units with a confined test setup. The brick formats NF, 2DF and 3DF 

were additionally clamped. A detailed description of the test setups is 

given in Section 4.4.2. 

The group anchorages were tested in the centre of the brick without 

edge influence. Moreover, the single anchors were installed in the 

centre of the brick NF, 2DF and 3DF. For single anchors in the plane 

element, the edge distance ὧ was varied. Table 5.5 contains a summary 
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of the performed tests. The designation of the test series starts with the 

type of fastener: bonded anchor (BA). This is followed by the brick 

format. Then comes the edge distance ὧ as a function of the effective 

embedment depth Ὤ  or the spacing ί as a function of Ὤ  if these 

parameters were varied. 

Table 5.4: Brick compressive strength acc. to DIN EN 772-1 (2016) 

Brick format  CSC [N/mm²] █╫ [N/mm²] 

NF 12 21,6 

2DF 

12 

16 

20 

15,0 

18,1 

25,4 

3DF 

12 

16 

20 

19,1 

18,1 

25,4 

PE 16 18,1 

 

Table 5.5: Test program of single and group anchorages with variation of the 

edge distance ï Failure mode pull-out 

Test 
No. of 

tests 

No. of 

anchors 

Brick 

format 

Edge 

distance c 

[mm} 

Spacing 

s [mm] 

BA-NF 5 1 NF 57,5 0 

BA-2DF 9 1 2DF 57,5 0 

BA-3DF 9 1 3DF 87,5 0 

BA-PE-c0,5hef 3 1 PE 25,0 0 

BA-PE-c1,0hef 3 1 PE 50,0 0 

BA-PE-c1,5hef 3 1 PE 75,0 0 

BA-PE-c2,0hef 3 1 PE 100,0 0 

BA-PE-c3,0hef 3 1 PE 150,0 0 

BA-PE-s0,75hef 3 2 PE 250,0 37,5 

BA-PE-s1,0hef 3 2 PE 250,0 50 

BA-PE-s1,5hef 3 2 PE 250,0 75 

BA-PE-s2,0hef 3 2 PE 250,0 100 
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5.2.2 Test Results 

In total, 16 tests series with 50 tests were carried out. Table 5.6 

summarizes the test results. The table is structured as follow: the first 

column is the designation of the test, followed by the brick format, the 

compressive strength Ὢ, the mean ultimate load ὔȟ  and finally the 

coefficient of variation (cov). In all tests, failure mode pull-out 

occurred. 

 

Table 5.6: Test results of single and group anchorages with variation of the edge 

distance ï Failure mode pull-out 

Test Brick format  █╫ [N/mm²] ╝◊ȟ□ ▓╝ cov Ϸ  

BA-NF NF 21,6 10,14 12,5 

BA-2DF 2DF 15,0 10,85 1,7 

BA-2DF 2DF 18,1 8,76 4,7 

BA-2DF 2DF 25,4 10,81 4,2 

BA-3DF 3DF 19,1 10,96 8,5 

BA-3DF 3DF 18,1 10,84 3,1 

BA-3DF 3DF 25,4 10,94 2,5 

BA-PE-c0,5hef PE 18,1 12,79 2,9 

BA-PE-c1,0hef PE 18,1 12,76 11,7 

BA-PE-c1,5hef PE 18,1 14,94 8,6 

BA-PE-c2,0hef PE 18,1 13,90 13,1 

BA-PE-c3,0hef PE 18,1 14,74 10,2 

BA-PE-s0,75hef PE 18,1 22,79 4,5 

BA-PE-s1,0hef PE 18,1 27,17 7,8 

BA-PE-s1,5hef PE 18,1 24,20 3,8 

BA-PE-s2,0hef PE 18,1 22,53 7,1 
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5.2.3 Discussion of the Results 

5.2.3.1 Influence of the Edge Distance c 

In order to determine the influence of the edge distance, the test results 

of the single anchorages in PE blocks with pull-out failure were 

evaluated. In all 15 tests with single anchors pull-out failure occurred. 

The ultimate loads of the single anchors in PE blocks are plotted against 

the edge distance ὧ as a function of Ὤ  in Figure 5.4. It can be seen 

that the ultimate loads increase up to and edge distance of 1,5 Ὤ . 

Using these results, the critical edge distance ὧȟ  is derived with 

ρȟυ Ͻ Ὤ . The critical edge distance ὧȟ  defines the minimum 

distance for ensuring the transmission of the resistance of a single 

anchor without spacing and edge effects in case of pull-out failure. 

Assuming that solid calcium silicate brick is comparable to concrete, 

the critical spacing can be considered as ίȟ ςϽὧȟ σϽὬ . 

The critical spacing defines the distance between two anchors for 

ensuring the transmission of the resistance of a single anchor without 

spacing and edge effects in case of pull-out failure. 

The geometric effect of spacing and edge distance on the bearing 

capacity is taken into account by the ratio ὃȟ ὃȟϳ , where ὃȟ is the 

reference value of the bond influence area of a single anchor and ὃȟ 

is the actual bond influence area, limited by edges of the brick (ὧ

ὧȟ ). The calculation of ὃȟ and an example of ὃȟ in large-sized 

brick are shown in Figure 5.5. The calculation of ὃȟ the clamped 

small-sized bricks (NF, 2DF, 3DF) is shown in Figure 5.6. Bricks 

whose shortest edge distance ὧ is less than ὧȟ ρȟυϽὬ  are 

considered small-sized. 
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Figure 5.4: Test results of single anchors in PE blocks with various edge 

distances c 

 

Figure 5.5: The reference value of the bond influence area of a single anchor and 

example of actual bond influence area of a single anchor influenced 

by the edge (acc. to TR 029 (2010)) 

 

ὃȟ ίȟ σὬ  

ὃȟ ίȟ Ͻὧȟ ὧ 
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Figure 5.6: Example of actual bond influence areas of single anchors in clamped 

NF, 2DF or 3DF bricks 

5.2.3.2 Influence of spacing s 

To determine the influence of spacing, the test results of single and 

group anchorages in PE bricks are shown against spacing in Figure 5.7. 

There is no increase in the ultimate loads with an increase of spacing. 

Only the ultimate load increases by a factor of approximately 1,7 with 

an additional anchor, regardless of the anchor spacing. Therefore, a 

horizontal line can be placed in the diagram without being able to 

determine the critical spacing ίȟ . The assumption in the previous 

section that the critical spacing is 3 Ὤ  cannot be proven with these 

tests. Therefore, it is further assumed that the critical spacing is twice 

the critical edge distance ὧȟ . This assumption is adopted from the 

design for bonded anchors in concrete (acc. to TR 029) and is 

conservative. 

Thus, the geometric effect of spacing and edge distance on the bearing 

capacity is taken into account by the ratio ὃȟ ὃȟϳ , where ὃȟ is the 

reference value of the bond influence area of a single anchor and ὃȟ 

is the actual bond influence area, limited by overlapping areas of 

adjacent anchors (ί ίȟ ) as well as by edges of the brick 

(ὧ ὧȟ ). Examples of the calculation of ὃȟ are shown in 

Figure 5.8. 

if Ὤ ςϽὧȟ  if Ὤ ςϽὧȟ  and 

ὧ ὧȟ  

if Ὤ ςϽὧȟ  and 

ὧ ὧȟ  

ὃȟ ίȟ ϽὬ ὃȟ ςὧϽὬ ὃȟ ςὧϽὬ 
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Figure 5.7: Test results of single and group anchorages in PE blocks with pull-

out failure 
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Figure 5.8: Example of actual bond influence areas of anchor groups (acc. to 

TR 029 (2010)) 

5.2.4 Calculation of Ultimate Load considering different 

Influences 

To derive the equation for the pull-out load in solid calcium silicate 

bricks, the equation in concrete is used again as a basis and the 

influences of edge distance and spacing are integrated. These influences 

flow significantly into the ratio of ὃȟ ὃȟϳ , which represents the 

geometric influence. Furthermore, the factor for taking into account the 

disturbance of the distribution of the rotationally symmetrical stress 

ὃȟ ςϽίȟ ρψϽὬ  

ὃȟ ίȟ ίϽὧȟ ὧ 
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state ɰȟ  is omitted because the distribution is disturbed due to the 

edges. This is illustrated and described in detail in Section 6.2.3.1 

(Figure 6.12). Based on the test results, it is evident that this factor has 

no influence on the ultimate load of bonded anchors in solid calcium 

silicate brick in case of pull-out failure. The ɰȟ  factor considers the 

failure surface of the group anchors. The determination of the factor is 

adopted from concrete. The difference is that the Ὧ factor is 1,43, which 

was determined empirically. For this purpose, the following equation is 

assumed 

ὔȟ ὔȟϽ
ὃȟ

ὃȟ
Ͻɰȟ  (5.3) 

with:   

 
ὔȟ Average failure load of one anchor without edge 

influence acc. to Equation (5.2) 

 
ὃȟ Reference value of the bond influence area of a single 

anchor [mm²] 

 
ὃȟ Actual bond influence area, limited by overlapping 

areas of adjacent anchors as well as by edges of the 

brick [mm²] 
 
ɰȟ  Consideration of the effect of the failure surface for 

anchor groups [-] 

  ɰȟ
ȟ

Ȣ

Ͻɰȟ ρ ρȢπ [-]  

  with:   

  ɰȟ  Ѝὲ Ѝὲ ρϽ
Ͻ

Ͻ Ͻ Ȣ

Ȣ

   

   with:  

   Ὠ Diameter of the anchors [mm] 
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   † Bond strength [N/mm²] 

   Ὧ Factor empirically determined 

    ρȢτσ 

   Ὤ  Effective embedment depth [mm] 

   Ὢ Compressive strength [N/mm²]  

  ί Spacing of the anchors  

  ίȟ  Critical spacing in case of pull-out  

   σϽὬ   

     
For the calculation of the loads, the bond strength † is determined 

empirically as 11,7 N/mm². The calculated loads are plotted against the 

measured loads in Figure 5.9. It can be seen that the results agree well 

with the calculated loads. This is also evident in the graphs of the ratio 

ὔȟ ὔϳ  versus edge distance or spacing in Figure 5.10 to Figure 5.11. 

The mean value of ὔȟ ὔϳ  is 0,94 with a coefficient of variation of 

15,3 %. 
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Figure 5.9: Calculated loads ὔȟ over measured loads ὔ  of single anchors or 

anchor groups with edge influence 
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Figure 5.10: Ratio of ὔȟ ὔϳ  as a function of the related edge distance c/hef 
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Figure 5.11: Ratio of ὔȟ ὔϳ  as a function of the related spacing s/hef 

5.3 Summary 

This chapter focused on the failure mode pull-out of single and group 

anchorages with and without edge influence. For this purpose, an 

approach for determining the load-bearing behaviour of bonded anchors 

in solid calcium silicate bricks is presented and compared with the test 

results. 

As basis, the equation of bonded anchors for pull-out failure from 

concrete TR 029 (2010) is used and modified by evaluating the test 

results. First, the equation for the calculation of a single anchor without 

edge influence is determined. Here, single anchors with and without 

sieve sleeve were investigated under variation of the support width. As 

a result, the factor ‌  for the pull-out failure mode could be 

determined. The result was the same value as in uncracked concrete 

(according to EAD 330499-01-0601 (2018). Therefore, ‌  for solid 

calcium silicate brick can be considered as 0,75. 



 
 

 

117 

Subsequently, single anchors with edge influence and anchor groups 

were investigated. A critical edge distance of ὧȟ ρȟυϽὬ  was 

determined and confirmed by the test results. The critical spacing 

ίȟ ςϽὧȟ σϽὬ  could not be confirmed on the basis of the 

test results. To be on the safe side, σϽὬ  is assumed for the critical 

spacing, analogous to the CC-Method (Fuchs and Eligehausen (1995)). 

Finally, the influences were integrated into the equation and compared 

with results in large and small-sized bricks. The small-sized bricks were 

investigated as clamped masonry units. Here, the geometric influence 

ὃȟ ὃȟϳ  on the masonry unit is limited. The group factor ɰȟ , 

which takes into account the bond areas of the anchors, is taken from 

TR 029 (2010), with the deviation that the Ὧ-value in ɰȟ  is 1,43. This 

value was determined empirically. It is interesting to note that the 

disturbance of the distribution of the rotationally symmetric stress state 

in solid calcium silicate brick has no influence. Therefore, the factor 

ɰȟ  is not applicable in this case. 
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6 Brick Breakout Failure  under Tension Loading 

This chapter describes the load-bearing behaviour of bonded anchors in 

case of brick breakout failure under tension loading. First, the 

derivation of the design of a single anchor without edge influence is 

described. This is followed by the derivation of the equation of anchor 

groups and the influence of the edge distance. Finally, the behaviour in 

small-sized bricks in a bond is explained. The definition of small-sized 

bricks is explained in more detail in Section 6.3. 

Since the current design method TR 054 (2022) does not contain a 

design for the failure mode brick breakout failure, but only refers to the 

respective ETA for the characteristic resistance, it is of interest to 

establish a design for this failure mode. For the derivation of the 

equations for brick breakout failure, the concrete cone failure model 

according to TR 029 (2010) was considered, since the solid brick is a 

homogeneous material like concrete and can achieve compressive 

strengths as normal concrete. 

6.1 Single Anchor without Edge Influence 

6.1.1 Experimental Program 

The tests with bonded anchors (BA) were carried out in bricks of 

various dimensions. Bonded anchors with and without sieve sleeves 

were investigated. The tests were performed with the same bonded 

anchor system used in Section 5. In all the tests, threaded rods with sizes 

M8 or M12 with a steel grade of 8.8 were used. The M8 anchors were 

installed in drilled holes with dcut = 12 mm whereas the M12 anchors 

with dcut = 14 mm. The plastic sieve sleeve had a diameter of 12 mm 

and the anchor size M12 was installed without a sieve sleeve. The 

embedment depth was 50 mm. Solid calcium silicate bricks in the 

dimensions 8 DF and plan elements (PE) with a compressive strength 

class of 12 N/mm² and 16 N/mm² and a bulk density class of 2,0 kg/dm³ 
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were used as base material. The nominal compressive strengths of the 

bricks were determined according to DIN EN 772-1 (2016) at the MPA 

of the University of Stuttgart and was for 8 DF bricks 15,2 N/mm² and 

for PE bricks 18,1 N/mm² and 21,2 N/mm². Tests were carried out in 

single masonry units. 

The tests with undercut anchors (UA) were carried out with various 

embedment depths hef in the same PE blocks mentioned above. The 

mechanical anchor is a self-cutting undercut anchor made of galvanized 

steel. In the tests, anchors of size M10 and M16 were used. 

A summary of the performed tests is listed in Table 6.1. 

The installation of the bonded anchors with and without sieve sleeve 

was carried out according to Section 4.2.1.3 and for undercut anchors 

according to Section 4.2.2.2. The description of the experimental 

procedure with unconfined test setups are shown in Section 4.4.2. 
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Table 6.1: Test program of single anchors under tension loading without edge 

influence ï Failure mode brick breakout 

Series 

No. 

of 

tests 

Anchor 

System 

Embedment 

Depth hef 

Brick  

Dimension 

Support 

width 

BA-M8 5 BA M8 50 mm 8 DF 250 mm 

BA-M8 5 BA M8 50 mm PE 250 mm 

BA-M8-s 5 BA M8-s 50 mm 8DF 250 mm 

BA-M12 6 BA M12 50 mm PE 440 mm 

UA-M10-hef 40 5 UA M10 40 mm PE 440 mm 

UA-M10-hef 50 5 UA M10 50 mm PE 440 mm 

UA-M10-hef 60 5 UA M10 60 mm PE 440 mm 

UA-M10-hef 70 5 UA M10 70 mm PE 440 mm 

UA-M16-hef 70 2 UA M16 70 mm PE 440 mm 

UA-M10-hef 90 5 UA M10 90 mm PE 440 mm 

UA-M10-hef 100 5 UA M10 100 mm PE 440 mm 

UA-M10-hef 110 1 UA M10 110 mm PE 440 mm 

UA-M16-hef 110 3 UA M16 110 mm PE 440 mm 

UA-M16-hef 120 4 UA M16 120 mm PE 440 mm 

UA-M16-hef 130 2 UA M16 130 mm PE 440 mm 

UA-M16-hef 140 1 UA M16 140 mm PE 440 mm 

UA-M16-hef 150 1 UA M16 150 mm PE 440 mm 

UA-M16-hef 190 2 UA M16 190 mm PE 440 mm 

6.1.2 Test Results 

In order to verify the material properties, additional 3-point bending 

tests were carried out in accordance with DIN EN 772-6 (2002) in solid 

calcium silicate bricks at the MPA of the University of Stuttgart. Four 

different thicknesses of beams were tested. The thicknesses of the 

beams were 20 mm, 40 mm, 80 mm and 120 mm. Furthermore, the 

span lengths were 50 mm, 100 mm, 200 mm and 300 mm. 

A total of 14 test series with 67 tests with single anchors under tension 

loading were carried out, whereby only tests with brick breakout failure 

were evaluated. Table 6.2 summarize all the brick breakout failure 
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results (49 tests). The first column of Table 6.2 describes the series with 

the letters BA or UA for the anchor systems bonded anchor or undercut 

anchor, respectively. The following number of BA shows the anchor 

size and finally s is used in case of installation with sieve sleeve. The 

following positions for UA indicate the size and then the embedment 

depth of the anchor. In the other columns the brick formats, the 

compressive strength Ὢ, the mean ultimate load ὔȟ  and finally the 

coefficient of variation (cov) of tests are listed. 

In the tests, brick breakout failure occurred in approx. 75 % of cases, 

16 % of the tests failed by splitting and 8 % failed by pull-out or mixed 

failure. The failure mode mixed failure is a combination of the failure 

modes pull-out and brick breakout. Figure 6.1 shows brick breakout 

failure of bonded anchors and undercut anchors. The shape of brick 

breakout is similar to the concrete cone failure. Additionally, it is cone-

shaped and the angle between the cone and the stone surface of the brick 

is approximately 35°. 

  



 
 

 

123 

Table 6.2: Test results of single anchors under tension loading without edge 

influence ï Failure mode brick breakout 

Series Brick format  █╫ ╝Ⱦ□□ό ╝◊ȟ□ ▓╝ cov Ϸ  

BA-M8 8DF 15,2 12,17 2,3 

BA-M8 PE 21,2 12,65 13,0 

BA-M8-s 8 DF 15,2 9,91 -1) 

BA-M12 PE 18,1 12,02 11,9 

UA-M10-hef 40 PE 18,1 10,35 6,1 

UA-M10-hef 50 PE 18,1 14,00 13,9 

UA-M10-hef 60 PE 18,1 18,46 10,2 

UA-M10-hef 70 PE 18,1 21,24 10,2 

UA-M16-hef 70 PE 21,2 29,42 5,6 

UA-M10-hef 90 PE 18,1 29,39 5,3 

UA-M10-hef 100 PE 18,1 32,62 1,8 

UA-M10-hef 110 PE 18,1 38,33 -1) 

UA-M16-hef 110 PE 21.2 47,71 2,0 

UA-M16-hef 120 PE 21.2 54,32 7,5 
1) One test failed due to brick breakout 

 

 

Figure 6.1: Brick breakout failure with bonded anchor (left) and undercut anchor 

(right) 

6.1.3 Discussion of the Results 

6.1.3.1 Three-Point Bending Tests 

The aim of the three-point bending tests was to investigate the size 

effect in detail and to get information about the influence of the failure 

mode brick breakout. The test procedure is described more in detail in 

BA-M8-8DF UA-M10-PE 
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Section 4.4.4. Figure 6.2 illustrates the ultimate loads of the three-point 

bending tests vs. beam thickness. The test results show an increase in 

ultimate load with increasing of the beam thickness. When the beam 

thickness and support width are doubled, the increase in ultimate loads 

is significant. The increase is a function of the beam depth to the power 

of 1,5. With the non-linear regression, the coefficient of determination 

is 0,98. These results indicate that the influence of the embedment depth 

regarding brick failure loads will  increase with the embedment depth 

with a power of 1,5 (hef
1,5). 
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Figure 6.2: Test results of three-point bending tests 

To confirm this assumption, the three-point bending tests are compared 

with Baģantôs (1984) size effect law (SEL) and the results of Alexander 

(1987). For this purpose, the test results of the three-point bending tests 

of the solid calcium silicate bricks in Figure 6.3 are added to the 

Figure 2.13 from Section 2.2.2. As the dimensions of the solid calcium 

silicate brick are limited, the tests could only be carried out up to a 

certain size, while larger bending beams can be dimensioned with 

ώ πȟππψϽὨȟ 
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concrete. The diagram shows that the solid calcium silicate brick 

behaves like the unreinforced concrete bending beam and exhibits 

quasi-brittle behaviour. As the depth of the beam increases, the strength 

of the material decreases, which is due to the greater number of micro 

cracks, and the material fails. The results with calcium silicate bricks 

agree with the size effect law of Baģant (1984) and can therefore be 

described well. 
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Figure 6.3: Size effect in three-point bending tests acc. to Baģant (1984) and 

results of Alexander et al. (1987) compared with results of solid 

calcium silicate bricks 

6.1.3.2 Influence of the Compressive Strength 

The influence of the brick compressive strength Ὢ on the load-bearing 

behaviour in case of brick breakout failure can be determined using 

additional data from Meyer (2006). A total of 93 tests with the failure 

mode brick breakout and with an unconfined test setup were evaluated. 

The tests listed in Section 6.1.1 include tests with undercut anchors, 
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because the behaviour of the base material is crucial, and the anchorage 

system seems to be of secondary importance. 

The results are plotted as related values against the compressive 

strength Ὢ in Figure 6.4. In order to determine the influence of the 

compressive strength Ὢ, the ultimate loads were divided by the 

embedment depth Ὤ  to the power of 1,5 based on the behaviour of the 

three-point bending tests described in the previous section. The black 

squares represent the results with bonded anchors. The red squares 

represent the results with undercut anchors and the white squares 

represent the results with bonded anchors from Meyer (2006). The 

increase of the ratio ὔ Ὤ ȟϳ  is dependent on the brick compressive 

strength Ὢ with a power of 0,3 (Ὢ ȟ
). With these tests, the range from 

12,3 N/mm² to 21,2 N/mm² is considered. The compressive strength 

classes for calcium silicate bricks are standardized between 4 N/mm² 

and 60 N/mm², but in practice the compressive strength classes 

12 N/mm² and 20 N/mm² are mainly produced (Bundesverband 

Kalksandsteinindustrie e.V. (2018)). This means that the average 

compressive strengths are between 15 and 25 N/mm². Thus, the specific 

influence of the compressive strength applies to the main area of 

application. 
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Figure 6.4: Influence of compressive strength on brick breakout failure 

6.1.3.3 Influence of the Embedment Depth 

In order to be able to determine the influence of the embedment depth 

Ὤ , the ultimate loads ὔ  must be normalized to a specific compressive 

strength. In EAD 330076-00-0604 (2014), the normalized ultimate load 

ὔȟ  is determined using following equation: 

ὔȟ ὔ ϽὪ Ὢȟϳ  (6.1) 

With:   

 
Ὢ Normalized mean brick compressive strength 

ὔȾάάό 

 Ὢȟ  Compressive strength at the time of testing ὔȾάάό 

 
‌ πȟυ for masonry units of clay or concrete and solid 

unit of calcium silicate  

ώ ρυȟωϽὪ ȟ
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This equation describes that the influence of the compressive strength 

Ὢ is included in the calculation with a power of 0,5. As described in 

Section 6.1.3.2, this influence is better represented by the value of 0,3. 

Therefore, in the following, the exponent in Equation (6.1) ‌  πȟσ is 

considered. 

Figure 6.5 shows the normalized ultimate loads ὔȟ  plotted against 

the embedment depth Ὤ . The black squares represent the results with 

bonded anchors. The red squares represent the results with undercut 

anchors and the white squares represent the results with bonded anchors 

from Meyer (2006). These results confirm that the ultimate load 

increases with a power of 1,5 as a function of the embedment depth. 

The coefficient of determination of the non-linear regression is 0,97. 
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Figure 6.5: Influence of embedment depth on brick breakout failure 
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6.1.4 Integration of Influences for Calculation of Ultimate 

Load 

Based on the results of the investigations, the equation for calculating 

the failure load in case of brick breakout is derived. The pre-factor 

Ὧ ρυȟπ was determined empirically from an assessment of a total 

number of 93 tests. 

ὔȟ Ὧ ϽὪ ȟϽὬ ȟ   ὔ  (6.2) 

With:   

 Ὧ  ρυȟπ pre-factor   

 
Ὢ Normalized mean brick compressive strength 

ὔȾάάό 

 Ὤ  Embedment depth άά  

A comparison of the results with the ultimate loads at brick breakout 

failure to Equation (6.2) is illustrated in Figure 6.6. In addition, the 

results of Meyer (2006) are included in the chart. As demonstrated in 

Figure 6.6, the proposed equation is in good agreement with the 

experimental results. Figure 6.7 and Figure 6.8 shows two diagrams, 

each representing the ratio of the calculated ultimate load ὔȟ to the 

ultimate load of the tests ὔ . The first graph shows the ratio against 

embedment depth (Ὤ ) and the second graph against brick compressive 

strength (Ὢ). The comparison ὔȟ to ὔ  results in a mean value of 0,96 

with a coefficient of variation of 13,2%. Both diagrams show that the 

distribution of the results is on a horizontal line around the value 1,0 

suggesting that the influences Ὤ  and Ὢ are well reflected in 

Equation (6.2). 
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Figure 6.6: Calculated loads acc. to Equation (6.2) vs. ultimate loads at the tests 

0 20 40 60 80 100 120 140

0,0

0,5

1,0

1,5

2,0
 8DF

 10DF

 PE

N
u

,b
0
 /
 N

u
 [
-]

Embedment depth hef [mm]  

Figure 6.7: Nu,b
0/Nu without edge influence vs. Ὤ  

 



 
 

 

131 

0 5 10 15 20 25

0,0

0,5

1,0

1,5

2,0
 8DF

 10DF

 PE
N

u
,b

0
 /
 N

u
 [

-]

Compressive strength fb [N/mm²]
 

Figure 6.8: Nu,b
0/Nu without edge influence vs. Ὢ 

In addition to the analyses, the test results are compared with 

Equation (3.10) according to Meyer (2006) in Figure 6.9. For this 

purpose, the upper diagram shows the results according to 

Meyerôs (2006) calculation as a quotient to the actual test result and, in 

comparison, the lower diagram shows the results according to 

Equation (6.2) as a quotient to the actual test results. The compressive 

strength of the bricks is shown on the x-axis. It is important to note that 

the influence of the compressive strength is not linear. As can be seen 

in the diagram above, the load distribution increases at compressive 

strengths from 12,3 N/mm² to 18,1 N/mm² and then runs on average 

above the straight line 1,0, which indicates an overestimation of the test 

results in this range. The fact that an increase is shown in the front area 

is an indication that the influence of the compressive strength is not 

correctly reflected. 
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Figure 6.9: Comparison of Equation (3.10) from Meyer (2006) against 

Equation (6.2) 

6.2 Anchor Groups and Edge Influence 

6.2.1 Experimental Program 

To investigate the influence of the edge distance ὧ and spacing ί, tests 

were carried out with bonded anchors as single and group anchorages 

in solid calcium silicate bricks. The injection mortar consisted of two 

components that were stored in a 2-chamber cartridge. Threaded rods 

of sizes M8 and M12 with steel grade 8.8 were used as anchors. The 

M12 size was installed without a sieve sleeve, while the M8 size was 

installed with and without sieve sleeve. The drill bit diameter of M8 

was 12 mm and for M12 14 mm. The plastic sieve sleeve had a diameter 

of 12 mm. In all the tests, the embedment depth Ὤ  was 50 mm. Single 

bricks of 8DF format and plane elements (PE) with compressive 

strength classes 12 N/mm² and 16 N/mm² were used as base material. 

All bricks had a bulk density class of 2,0 kg/dm³. The compressive 
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strength Ὢ of the bricks was tested according to DIN EN 772-1 (2016) 

at the MPA of the University of Stuttgart. These were 15,2 N/mm² for 

the 8DF bricks and 18,1 and 21,2 N/mm² for the PE bricks. The tests 

were carried out with an unconfined test setup, which is described in 

Section 4.4.2. Table 6.3 summarizes the test series carried out with 

single anchor (I) and anchor groups (II). 

The designation of the test series starts with the anchorage type I or II. 

Followed by the diameter of the threaded rod. After that, the edge 

distance ὧ as a function of Ὤ  is given. The next parameter is the 

spacing ί as a function of the embedment depth. Lastly, if the anchor 

was installed with a sieve sleeve, the designation contains an s at the 

end. 
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Table 6.3: Test program of single anchors and anchor groups under tension 

loading with edge influence ï Failure mode brick breakout 

Series 
No. of 

Tests 

No. of 

Anchors 

Ø of 

Anchor 

Edge 

distance c 
Spacing s 

Brick 

format 

I-M12-c0,5hef 3 1 12 mm 25 mm 0 mm PE 

I-M12-c1,0hef 3 1 12 mm 50 mm 0 mm PE 

I-M12-c1,5hef 3 1 12 mm 75 mm 0 mm PE 

I-M12-c2,0hef 3 1 12 mm 100 mm 0 mm PE 

I-M12-c3,0hef 3 1 12 mm 150 mm 0 mm PE 

I-M8-c0,5hef-s 10 1 8 mm 25 mm 0 mm 8DF / PE 

I-M8-c1,0hef-s 10 1 8 mm 50 mm 0 mm 8DF / PE 

I-M8-c1,5hef-s 10 1 8 mm 75 mm 0 mm 8DF / PE 

I-M8-c2,0hef-s 10 1 8 mm 100 mm 0 mm 8DF / PE 

I-M8-c2,5hef-s 5 1 8 mm 125 mm 0 mm 8DF 

I-M8-c2,5hef 5 1 8 mm 125 mm 0 mm 8DF 

I-M8-c3,0hef-s 10 1 8 mm 150 mm 0 mm PE 

I-M8-c5,0hef 5 1 8 mm 250 mm 0 mm PE 

II -M12-c5,0hef-s0,75hef 3 2 12 mm 250 mm 37,5 mm PE 

II -M12-c5,0hef-s1,0hef 3 2 12 mm 250 mm 50 mm PE 

II -M12-c5,0hef-s1,5hef 3 2 12 mm 250 mm 75 mm PE 

II -M12-c5,0hef-s2,0hef 3 2 12 mm 250 mm 100 mm PE 

II -M12-c5,0hef-s3,0hef 3 2 12 mm 250 mm 150 mm PE 

II -M8-c0,5hef-s0,75hef-s 10 2 8 mm 25 mm 37,5 mm 8DF / PE 

II -M8-c0,5hef-s1,5hef-s 10 2 8 mm 25 mm 75 mm 8DF / PE 

II -M8-c0,5hef-s3,0hef-s 10 2 8 mm 25 mm 150 mm 8DF / PE 

II -M8-c1,0hef-s1,0hef-s 10 2 8 mm 50 mm 50 mm 8DF / PE 

II -M8-c1,0hef-s1,5hef-s 10 2 8 mm 50 mm 75 mm 8DF / PE 

II -M8-c1,0hef-s2,0hef-s 10 2 8 mm 50 mm 100 mm 8DF / PE 

II -M8-c1,5hef-s0,75hef-s 10 2 8 mm 75 mm 37,5 mm 8DF / PE 

II -M8-c1,5hef-s1,5hef-s 10 2 8 mm 75 mm 75 mm 8DF / PE 

II -M8-c1,5hef-s2,0hef-s 5 2 8 mm 75 mm 100 mm PE 

II -M8-c1,5hef-s3,0hef-s 10 2 8 mm 75 mm 150 mm 8DF / PE 

II -M8-c2,0hef-s1,0hef-s 10 2 8 mm 100 mm 50 mm 8DF / PE 

II -M8-c2,0hef-s1,5hef-s 10 2 8 mm 100 mm 75 mm 8DF / PE 

II -M8-c2,0hef-s2,0hef-s 10 2 8 mm 100 mm 100 mm 8DF / PE 

II -M8-c3,0hef-s0,75hef-s 10 2 8 mm 150 mm 37,5 mm PE 

II -M8-c3,0hef-s1,5hef-s 10 2 8 mm 150 mm 75 mm PE 

II -M8-c3,0hef-s3,0hef-s 10 2 8 mm 150 mm 150 mm PE 
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6.2.2 Test Results 

In total, 50 test series with 235 tests were carried out, whereby tests 

with brick breakout failure only were evaluated. Table 6.4 summarises 

the results of the single anchors and Table 6.5 the results of the anchor 

groups. The structure of both tables is the same: the first column is the 

test designation followed by the base material, the compressive strength 

Ὢ, the mean ultimate load ὔȟ  and finally the coefficient of variation 

(cov). 

The failure mode brick breakout failure occurred in approx. 60 % of the 

tests. 20 % of the tests failed by mixed failure. This failure mode was a 

combination of the failure modes pull-out and brick breakout. 12 % of 

the tests failed by splitting of the brick and the remaining 5 % by pull-

out. In the following, only tests with brick breakout are included. 
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Table 6.4: Test results of single anchors in a brick with brick breakout failure 

Series 
Brick 

format  

█╫ 

[N/mm²] 
╝◊ȟ□ ▓╝ cov Ϸ  

I-M12-c0,5hef PE 18.1 7.90 11.5 

I-M12-c1,0hef PE 18.1 10.17 5.0 

I-M12-c1,5hef PE 18.1 12.19 12.9 

I-M12-c2,0hef PE 18.1 12.79 8.1 

I-M12-c3,0hef PE 18.1 11.25 13.4 

I-M8-c0,5hef-s 8DF 15.2 6.31 6.0 

I-M8-c0,5hef-s PE 21.2 6.55 9.9 

I-M8-c1,0hef-s 8DF 15.2 7.85 -1) 

I-M8-c1,0hef-s PE 21.2 8.35 8.4 

I-M8-c1,5hef-s 8DF 15.2 -2) - 

I-M8-c1,5hef-s PE 21.2 9.10 2.2 

I-M8-c2,0hef-s 8DF 15.2 -2) - 

I-M8-c2,0hef-s PE 21.2 -2) - 

I-M8-c2,5hef-s 8DF 15.2 9.91 -1) 

I-M8-c2,5hef 8DF 15.2 12.26 2.2 

I-M8-c3,0hef-s PE 21.2 -2) - 

I-M8-c5,0hef PE 21.2 12.65 13.0 

1) One test failed due to brick breakout 
2) No test failed due to brick breakout 
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Table 6.5: Test results of anchor groups in a brick with brick breakout failure 

Series 
Brick 

format  
█╫ [N/mm²] ╝◊ȟ□ ▓╝ cov Ϸ  

II -M12-c5,0hef-s0,75hef PE 18,1 16.23 12.9 

II -M12-c5,0hef-s1,0hef PE 18.1 14.82 3.7 

II -M12-c5,0hef-s1,5hef PE 18.1 16.73 3.8 

II -M12-c5,0hef-s2,0hef PE 18.1 18.61 1.4 

II -M12-c5,0hef-s3,0hef PE 18.1 18.81 5.6 

II -M8-c0,5hef-s0,75hef-s 8DF 15.2 7.58 6.4 

II -M8-c0,5hef-s0,75hef-s PE 21.2 8.85 9.1 

II -M8-c0,5hef-s1,5hef-s 8DF 15.2 10.62 5.3 

II -M8-c0,5hef-s1,5hef-s PE 21.2 13.06 5.6 

II -M8-c0,5hef-s3,0hef-s 8DF 15.2 11.23 2.2 

II -M8-c0,5hef-s3,0hef-s PE 21.2 12.89 7.9 

II -M8-c1,0hef-s1,0hef-s 8DF 15.2 11.08 4.6 

II -M8-c1,0hef-s1,0hef-s PE 21.2 11.67 2.0 

II -M8-c1,0hef-s1,5hef-s 8DF 15.2 12.63 3.2 

II -M8-c1,0hef-s1,5hef-s PE 21.2 14.53 3.1 

II -M8-c1,0hef-s2,0hef-s 8DF 15.2 14.18 5.2 

II -M8-c1,0hef-s2,0hef-s PE 21.2 17.06 2.4 

II -M8-c1,5hef-s0,75hef-s 8DF 15.2 10.32 - 

II -M8-c1,5hef-s0,75hef-s PE 21.2 12.71 4.9 

II -M8-c1,5hef-s1,5hef-s 8DF 15.2 13.96 5.7 

II -M8-c1,5hef-s1,5hef-s PE 21.2 15.84 4.2 

II -M8-c1,5hef-s2,0hef-s PE 21.2 17.01 9.3 

II -M8-c1,5hef-s3,0hef-s 8DF 15.2 17.60 - 

II -M8-c1,5hef-s3,0hef-s PE 21.2 18.75 0.5 

II -M8-c2,0hef-s1,0hef-s 8DF 15.2 12.87 0.6 

II -M8-c2,0hef-s1,0hef-s PE 21.2 14.06 5.2 

II -M8-c2,0hef-s1,5hef-s 8DF 15.2 15.55 - 

II -M8-c2,0hef-s1,5hef-s PE 21.2 16.44 4.7 

II -M8-c2,0hef-s2,0hef-s 8DF 15.2 - - 

II -M8-c2,0hef-s2,0hef-s PE 21.2 17.66 1.3 

II -M8-c3,0hef-s0,75hef-s PE 21.2 13.41 2.5 

II -M8-c3,0hef-s1,5hef-s PE 21.2 16.79 2.4 

II -M8-c3,0hef-s3,0hef-s PE 21.2 - - 
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6.2.3 Discussion of the Results 

6.2.3.1 Influence of the Edge Distance ╬ 

In order to determine the influence of edge distance, the test results of 

single anchorages with brick breakout failure were evaluated. In 38 of 

80 tests with single anchors, brick breakout failure occurred. These are 

examined and evaluated in more detail below. 

The normalized test results to compressive strength 15,2 N/mm² of the 

single anchors are plotted against the edge distance ὧ in Figure 6.10. To 

better compare the results, the ultimate loads were normalized. The 

normalization is done according to the Equation (6.1) with an ‌ πȟσ. 

On the y-axis are the normalized ultimate loads and on the x-axis the 

edge distance as a function of the embedment depth Ὤ . It can be seen 

that the ultimate loads increase up to an edge distance of 2 Ὤ . For ὧ

ςϽὬ , there is no load increase, and the ultimate loads lie on a 

horizontal line. From this, the critical edge distance ὧȟ  is derived 

with ςϽὬ . The critical edge distance ὧȟ  defines the minimum 

distance for ensuring the transmission of the resistance of a single 

anchor without spacing and edge effects in case of brick breakout 

failure. Considering the similarity between solid calcium silicate bricks 

and concrete, the critical spacing can be taken ίȟ ςϽὧȟ , 

analogously. The critical spacing defines the distance between two 

anchors for ensuring the transmission of the resistance of a single 

anchor without spacing and edge effects in case of brick breakout 

failure. 
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Figure 6.10: Influence of the edge distance on single anchors 

Based on the results and the assumption that ίȟ τϽὬ , the area 

of the idealized breakout cone of a single anchor without the influence 

of edges ὃȟ is determined as follows: 

ὃȟ ίȟ ςϽὧȟ ρφϽὬ  άά  (6.3) 

with:   

 

ίȟ  Spacing for ensuring the transmission of the resistance 

of a single anchor without spacing and edge effects in 

case of brick breakout failure άά 

 

ὧȟ  Edge distance for ensuring the transmission of the 

resistance of a single anchor without spacing and edge 

effects in case of brick breakout failure άά 

 Ὤ  Effective embedment depth άά 



Brick Breakout Failure under Tension Loading 
 

 

140 

Figure 6.11 illustrates ὃȟ and, by way of example, the existing area 

of the idealised breakout cone on the lateral brick surface ὃȟ. 

 

Figure 6.11: Influence area of an individual anchor with large spacing and edge 

distance at the brick surface ὃȟ and an example of a limited area 

by edge ὃȟ (in acc. to Fuchs and Eligehausen (1995)) 

To determine the reduction of the maximum possible ultimate load, the 

CC method is applied as in concrete. For this purpose, the ratio ὃȟ to 

ὃȟ is determined, which represents the geometric influence of spacing 

and edge distance on the brick breakout failure load. This is multiplied 

by the ultimate load of a single anchor without edge influence ὔȟ 

determined according to Equation (6.2). Furthermore, a decrease of the 

ultimate load occurs due to the disturbance of the rotationally 

symmetric stress state by the proximity due to the edge (see Figure 

6.12). This is taken into account in concrete with the factor ɰȟ. Based 

on the test results, it can be seen that this factor has no influence on 

solid calcium silicate bricks. Therefore, this factor is not considered. 

Thus, the equation for the calculation of a near-edge single anchor is 

composed as follows: 

ὃȟ ίȟ τὬ  

ὃȟ ίȟ Ͻὧȟ ὧ 
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ὔȟ
ȟ

ȟ
Ͻὔȟ ὔ  (6.4) 

With:   

 ὃȟ Area of the idealized breakout cone of a single 

anchorάάό 
 
ὃȟ Existing area of the idealized breakout cone on the 

lateral brick surfaceάάό 

 ὔȟ Ultimate load of a single anchor without edge influence 

  ρυȟπϽὪ ȟϽὬ ȟ
 ὔ  

  With:   

  
Ὢ Normalized mean brick compressive strength 

ὔȾάάό 

  Ὤ  Embedment depth άά 

 

 

Figure 6.12: Rotationally symmetric stress state in center and at the edge of the 

brick (in acc. to Eligehausen and Mallée (2000)) 

Figure 6.13 shows the ratio of the calculated to the measured ultimate 

load of single anchorages with an embedment depth Ὤ  = 50 mm over 

the edge distance ὧ as a function of Ὤ . The ratio ὔȟ to ὔ  gives a 
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mean value of 1,12 and a coefficient of variation of 12,3 %. The 

diagram shows that the results are distributed horizontally on the ratio 

1,0 and indicating the influence of edge distance is well represented 

with the Equation (6.4). 

In addition, the normalized test results are shown over the edge distance 

as a function of the embedment depth in Figure 6.14. This illustrates 

the agreement of Equation (6.4) with the individual tests under 

variation of ὧ. 
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Figure 6.13: Ratio of calculated ultimate loads to ultimate loads of the single 

anchor tests against c as a function of hef 
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Figure 6.14: Comparison of normalized test results of single anchors to 

calculated Nu,b over c as a function of hef 

6.2.3.2 Influence of Spacing ▼ 

To determine the influence of spacing, the test results normalized to the 

compressive strength 15,2 N/mm² are shown against the anchor spacing 

in Figure 6.15. In addition, the upper and lower limits of the ultimate 

loads are marked in the diagram, which illustrates the influence of the 

edge distance on the ultimate loads. It can be seen that the required 

spacing to ensure the formation of a complete breakout cone is 

ίȟ ςϽὬ . This means that the ultimate load increases 

proportionally up to the spacing of ςϽὬ . For ί ςϽὬ  the anchor 

group reaches the maximum possible ultimate load of two single 

anchors. In Section 6.2.3.1, ίȟ was assumed to be τϽὬ , as the 

materials calcium silicate bricks and concrete are comparable, and the 

procedure was analogous to that of concrete. In addition, 

ίȟ τϽὬ  is a conservative assumption to calculate ultimate load, 

ὔȢ
ὃȟ

ὃȟ
Ͻὔȟ 
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so ίȟ  is still assumed to be four times the effective embedment depth 

for the investigations. Under this assumption ὃȟ ςϽίȟ  

σςϽὬ  Figure 6.16 shows an example of the projected areas of 

anchor groups. 
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Figure 6.15: Normalized ultimate loads vs. spacing with influence by the edge 
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Figure 6.16: Idealized projected area of anchor groups (in acc. to Fuchs and 

Eligehausen (1995)) 

The equation for determining the ultimate load of an anchor group with 

edge influence is composed of the ratio ὃȟ to ὃȟ times the ultimate 

load of a single anchor without edge influence ὔȟ. In the group, the 

rotationally symmetrical stress still has no influence and is therefore not 

taken into account. Thus Equation (6.4) is still valid. 

To take a closer look at the influence of spacing, the measured ultimate 

loads are divided by the calculated loads and plotted in Figure 6.17 

against spacing ί as a function of the effective embedment depth Ὤ . 

The results are distributed on a horizontal line around 1,0 and reflect a 

good agreement between the calculated loads and the measured test 

results. This can be seen in the following diagram. Figure 6.18 shows 

ὃȟ ςϽίȟ σςϽὬ  

ὃȟ ίȟ ίϽὧȟ ὧ 
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the ratio of the calculated ultimate load of anchor groups to the 

measured ultimate load over the edge distance as a function of hef. Here 

the results are scattered between 0,8 and 1,3. The mean value of these 

ratios is 1,06 with a coefficient of variation of 9,4 %. In order to have a 

comparison, all the test results for single anchors and anchor groups 

over the edge distance as a function of Ὤ  are illustrated in Figure 6.19. 

Here the mean value of the ratio ὔȟ to ὔ  is 1,08 with a coefficient of 

variation of 10,4 %. In summary, the influences of spacing and edge 

distance are well represented by Equation (6.4), which is illustrated by 

Figure 6.20. In this diagram the y-axis shows the calculated ὔȟ and 

the x-axis the measured ultimate load ὔ . 
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Figure 6.17: Ratio of Nu,b (with ίȟ τϽὬ ) to Nu over spacing as a function 

of hef 
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Figure 6.18: Ratio of Nu,b, (with ὧȟ ςϽὬ ) to Nu of group anchors over 

edge distance as a function of hef 
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Figure 6.19: Ratio of Nu,b, (with ὧȟ ςϽὬ ) to Nu over edge distance as a 

function of hef 
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Figure 6.20: Comparison of the calculated loads Nu,b over the measured loads Nu 

6.3 Influence of Joints and Multiple Edges 

6.3.1 Experimental Program 

After the influences of the edge distance and spacing have been 

determined, the next step is to take a closer look at the influence of the 

masonry bond with small-sized bricks. Bricks are considered small-

sized if the shortest distance to the joint ὧ is smaller than 

ὧȟ ςϽὬ . For this purpose, tests were carried out with bonded 

anchors in masonry bonds with the brick formats NF, 2DF and 3DF. 

Furthermore, wall panels were prepared with compressive strength 

classes (csc) 12 N/mm², 16 N/mm² and 20 N/mm². The compressive 

strengths of the bricks testes according to DIN EN 772-1 (2016) at the 

MPA of the University of Stuttgart are listed in Table 6.6. The bricks 

with the compressive strength classes 16 and 20 N/mm² have the same 

compressive strengths among each other, as these bricks were cut form 

plane elements (PE). This allowed the influence of the brick size to be 
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better investigated. The wall panels consisted of a stretcher bond with 

NF bricks and header bond with 2DF or 3DF bricks. The structure of 

the wall panels is described in Section 4.3.2. The joints were fully 

mortared with a thickness of approx. 10 mm. The mortar compressive 

strength tested according to DIN EN 1015-11 (2020) at the MPA of the 

University of Stuttgart was 9,5 N/mm². In all the tests, threaded rods of 

size M12 with a steel grade of 8.8 and an effective embedment depth of 

50 mm were used as anchors. The anchors were installed at the centre 

of the bricks (see Figure 6.21) with a borehole diameter Ὠ = 14 mm. 

In order to allow a complete breakout cone of the bricks, the tests were 

carried out with an unconfined test setup (see Section 4.4.2). Table 6.7 

lists the series of tests carried out. The designation of the tests is 

composed by the brick format, the compressive strength classes, the 

anchor size and at the end remains MB as the base material masonry 

bond. 

Table 6.6: Average compressive strengths of the bricks tested acc. to 

DIN EN 772-1 (2016) 

Format csc 12 N/mm² csc 16 N/mm² csc 20 N/mm² 

NF 21,6 N/mm² 18,1 N/mm² 25,4 N/mm² 

2DF 15,0 N/mm² 18,1 N/mm² 25,4 N/mm² 

3DF 20,0 N/mm² 18,1 N/mm² 25,4 N/mm² 
 

 

Figure 6.21: Installation position of the anchors in the different masonry bonds 
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Table 6.7: Test program of single anchors in masonry bonds with various brick 

formats and compressive strength classes 

Test No. of tests 
Brick 

format  
CSC Ø of anchor 

NF-12-M12-MB 5 NF 12 N/mm² 12 mm 

NF-16-M12-MB 5 NF 16 N/mm² 12 mm 

NF-20-M12-MB 5 NF 20 N/mm² 12 mm 

2DF-12-M12-MB 5 2DF 12 N/mm² 12 mm 

2DF-16-M12-MB 5 2DF 16 N/mm² 12 mm 

2DF-20-M12-MB 5 2DF 20 N/mm² 12 mm 

3DF-12-M12-MB 5 3DF 12 N/mm² 12 mm 

3DF-16-M12-MB 5 3DF 16 N/mm² 12 mm 

3DF-20-M12-MB 5 3DF 20 N/mm² 12 mm 

6.3.2 Test Results 

In total, nine test series with five tests each were carried out. 41 tests 

failed with brick breakout failure (approx. 91 %) and four tests failed 

with mixed failure (approx. 9 %). Only tests with pure brick breakout 

failure are considered for the evaluation. Table 6.8 lists these results. 

The first column of the table is the test designation. The following 

columns are the compressive strength of the brick Ὢ, the mean ultimate 

load ὔȟ  and finally the coefficient of variation (cov). 

Table 6.8: Test results of single anchors in masonry bonds with brick breakout 

failure 

Test █╫ [N/mm²] ἚἽȟἵ ἳἚ cov Ϸ  

NF-12-M12-MB 21,6 5,82 6,8 

NF-16-M12-MB 18,1 6,78 1,5 

NF-20-M12-MB 25,4 6,83 8,5 

2DF-12-M12-MB 15,0 9,71 6,5 

2DF-16-M12-MB 18,1 9,37 5,0 

2DF-20-M12-MB 25,4 10,07 5,8 

3DF-12-M12-MB 20,0 10,10 2,6 

3DF-16-M12-MB 18,1 9,62 4,6 

3DF-20-M12-MB 25,4 11,04 6,4 
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6.3.3 Discussion 

After the influences of the edge distance and spacing have been 

determined in the previous sections, the next step is to take a closer look 

at the influence of a masonry bond as a base material with small-sized 

bricks. Bricks are considered small-sized if the shortest distance to the 

joint ὧ is smaller than ὧȟ ςϽὬ . It is of interest how the 

limitation of the breakout cone area due to the edges of the brick or the 

bond of the joints between the bricks influence the load-bearing 

behaviour. As previously mentioned, the critical spacing ίȟ  and 

edge distance ὧȟ  are ίȟ ςϽὧȟ τϽὬ . Similarly, to the 

single masonry unit, the projected area of a single anchor without edge 

influence is calculated as ὃȟ ίȟ ρφϽὬ . Figure 6.22 

shows the area !ȟ for the masonry bonds used in the experimental 

investigations. 

 

Figure 6.22: Idealized projected areas of single anchors in masonry bonds ὃȟ 

In the tests two different failure patterns for brick breakout occurred. 

On the one hand, only brick breakout occurred within the boundary of 

the brick and on the other hand, the breakout went beyond the joints and 

several bricks. Figure 6.23 shows the different failure patterns. 
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Figure 6.23: Brick breakout within the boundary of the brick (left) and a breakout 

beyond the joints and several bricks (right) 

Since the breakout was different, three cases were examined. Firstly, 

the masonry bond was considered as a whole unit where the anchor was 

not effected by the edge, i.e. ὃȟ ὃȟϳ ρȟπ. Moreover, the 

inhomogeneity due to the material changes was not considered as the 

joints were fully mortared and thus no disturbance of the stress 

distribution was generated (ɰ ȟ ρȟπ). Secondly, the existing 

projected area was limited to the single brick. Furthermore, the factor 

that takes the inhomogeneity into account was assumed equal to 1,0. 

Lastly, as in the first case, the ratio ὃȟ ὃȟϳ ρȟπ was assumed and 

the ɰ ȟ factor is more strongly influenced by the edge. In the 

following, the mentioned cases are discussed and described separately. 

Before describing the cases, the pre-stress direction was considered to 

verify the assumption that the breakout propagates perpendicular to the 

pre-stress force. Figure 6.24 shows fracture patterns with the pre-stress 

force direction and disproves the assumption. The breakout propagates 

perpendicular to the pre-stress as well as in the direction of the pre-

stress. 
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Figure 6.24: Direction of the pre-stress (0,2 N/mm²) 

6.3.3.1 1st Case: No geometric influence and no influence due to 

inhomogeneity 

In the first case, the ratio of the geometric influence ὃȟ ὃȟϳ  and the 

influence of inhomogeneity ɰ ȟ were considered equal to 1,0. This 

means that the base material was considered as a whole and was not 

influenced by anything. Furthermore, no disturbance of the stress 

transfer due to the joints was observed. Thus, the ultimate load is 

calculated as follows 

ὔ ȟȟ ὔȟ  ὔ  (6.5) 

with:   

 
ὔȟ Ultimate load of a single anchor without edge 

influence 

  ρυȟπϽὪ ȟϽὬ ȟ
 ὔ   

  with:   

  Ὢ Normalized mean brick compressive strength 

ὔȾάάό   Ὤ  Embedment depth άά 

 

 

   
Figure 6.25 shows the calculated loads ὔ ȟȟ  plotted against the 

measured ultimate loads ὔ . It can be seen that the calculated ultimate 
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loads very strongly overestimate the measured values. Thus, the 

calculation is on the uncertain side and the influences due to the joints 

are not correctly included in the equation. The mean value of the ratio 

ὔ ȟȟ ὔϳ  is 1,61 with a coefficient of variation of 25,7 %. 
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Figure 6.25: Calculated loads acc. to Equation (6.5) against measured loads 

6.3.3.2 2nd Case: Geometric influence and no influence due to 

inhomogeneity 

In this case, the ultimate load was geometrically influenced due to the 

limited fracture area. Therefore, the area of the masonry unit was 

considered for ὃȟ if the side lengths l and b of the brick were smaller 

than ίȟ . If the side lengths l or b of the brick were greater than 

ίȟ , then ίȟ τϽὬ  was used to determine the existing 

projected area. The calculations of ὃȟ are shown in Figure 6.26 for 

the tests carried out in the stretcher bond with NF bricks and header 

bond with 2DF or 3DF bricks. 
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Figure 6.26: Existing projected areas ὃȟ of single anchors in various masonry 

bonds 

Furthermore, due to the filled joints, the disturbance of the stress 

distribution due to inhomogeneity was not taken into account 

(ɰ ȟ ρȟπ). The equation for the ultimate load is composed as 

follows: 

ὔ ȟȟ
ȟ

ȟ
Ͻὔȟ  ὔ  (6.6) 

with:   

 
ὃȟ Area of the idealized breakout cone of a single 

anchorάάό 

 
ὃȟ Existing area of the idealized breakout cone on the 

lateral brick surfaceάάό 

 ὔȟ Ultimate load of a single anchor without edge influence 

  ρυȟπϽὪ ȟϽὬ ȟ
 ὔ   

  With:   

  Ὢ Normalized mean brick compressive strength 

ὔȾάάό   Ὤ  Embedment depth άά 

In Figure 6.27, the calculated ultimate loads according to Equation (6.6) 

are plotted against the test results. In this diagram it can be seen that the 

ultimate loads are underestimated and the calculation is very 

ὃȟ ί ϽςϽὧ  ὃȟ ςϽὧȟ ϽςϽὧȟ  ὃȟ ςϽὧȟ ϽςϽὧȟ  
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conservative. The ratio of calculated to measured ultimate loads is on 

average 0,60 with a coefficient of variation of 23,7 %. This equation 

does not properly take into account the influences due to the joints and 

proximity to the brick edge. 
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Figure 6.27: Calculated loads acc. to Equation (6.6) against measured loads 

6.3.3.3 3rd Case: No geometric influence and influence due to 

inhomogeneity 

In the last case, the ultimate load was not influenced geometrically, that 

means ὃȟ ὃȟϳ   ρȟπ, because the masonry bond was considered 

as a solid and the breakout conus can extend beyond the joints. 

However, ɰ ȟ is more influenced by the shortest distance to the joint. 

This was due to the inhomogeneity of the materials. Even if the joints 

were filled with mortar, the stress distribution was disturbed because of 

the material change. For this case, ɰ ȟ was determined empirically 

from the test results. The equation for the calculation of the ultimate 

load is composed as follows 
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ὔ ȟȟ ὔȟϽɰ ȟ  ὔ  (6.7) 

With:   

 
ὔȟ Ultimate load of a single anchor without edge 

influence 

  ρυȟπϽὪ ȟϽὬ ȟ
 ὔ   

  with:   

  
Ὢ Normalized mean brick compressive strength 

ὔȾάάό 

  Ὤ  Embedment depth άά  

 ɰ ȟ Factor to account for inhomogeneity  

  πȢς πȢψ
ὧ

ὧȟ
ρȢπ  

  with:  

  ὧ Shortest distance to the joint άά  

  
ὧȟ  Edge distance for ensuring the transmission of 

the resistance of a single anchor without 

spacing and edge effects in case of brick 

breakout failure άά 
Figure 6.28 shows the calculated loads compared to the measured test 

results, which are in a very good agreement with each other. The ratio 

ὔ ȟȟ ὔϳ  is on average 0,92 with a coefficient of variation of 

12,2 %. As a result, the ultimate load was mainly influenced by the 

disturbance of the stress distribution by the different materials, while 

for the geometric influence ὃȟ ὃȟϳ ρȟπ can be considered. The 

Equation (6.7) derived from this configuration, can be used for the brick 

formats NF, 2DF and 3DF if the anchor is installed centrally of the brick 

and within the wall panel. 
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Figure 6.28: Calculated loads acc. to Equation (6.7) against measured loads 

6.4 Influence of the compressive strength of masonry 

mortar  

6.4.1 Experimental Program 

In addition, the tests in Section 6.3 were examined to evaluate the 

influence of the compressive strength of the masonry mortar, as the 

properties of the masonry mortar can contribute to increasing the load-

bearing capacity of the bonded anchor. The wall panels consisted of a 

stretcher bond with NF bricks and header bond with 2DF or 3DF bricks. 

The structure of the wall panels is described in Section 4.3.2. The joints 

were fully mortared with a thickness of approx. 10 mm. The mortar 

compressive strength tested according to DIN EN 1015-11 (2020) at the 

MPA of the University of Stuttgart was 9,5 N/mm². 

For comparison, the same tests were carried out on masonry units, 

which were clamped between two metal plates at a pressure of 

0,2 N/mm² to simulate the masonry bond. 
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6.4.2 Test Results 

In total, 18 test series with five tests each were carried out. In tests with 

masonry unit, the most common failure mode was splitting failure 

combined with brick breakout failure or mixed failure. In case of 

splitting failure, the first peak value is always evaluated as the ultimate 

load. In masonry bond, brick breakout occurred most frequently. The 

test results are summarized in Table 6.9 and listed by brick format. The 

results are the normalized mean ultimate loads based on a brick 

compressive strength of 15,0 N/mm². 

Table 6.9: Normalized mean ultimate load of single anchors in masonry bond vs. 

masonry units clamped between metal plates 

Test ἚἽȟἵȟἪἷἶἬȟἶἷἺἵȟ  ἳἚ ἚἽȟἵȟἽἶἱἼȟἶἷἺἵȟ  ἳἚ 

NF-M12 5,82 4,62 

2DF-M12 8,97 8,16 

3DF-M12 8,93 8,32 

6.4.3 Discussion 

The comparison tests with the individual normalized ultimate loads are 

shown in Figure 6.29. It can be seen that the compressive strength of 

the masonry mortar has no influence on the brick breakout failure, as 

the ultimate loads lie within the same scatter range. An exception can 

be observed with NF bricks. Here, the load-bearing capacities can be 

significantly lower than in the combined base material, as the splitting 

failure can lead to a greater load reduction that does not depend on the 

compressive strength of the masonry mortar. 
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Figure 6.29: Normalized ultimate loads of single anchors in masonry bond and 

masonry units 

6.5 Summary 

This chapter focused on the failure mode brick breakout failure of single 

and group anchors with and without edge influence. For this purpose, 

proposals for determining the load-bearing capacity of bonded anchors 

in solid calcium silicate brick are presented, which are then compared 

with test results. 

The equation of bonded anchors for concrete cone failure was 

considered and modified with the test results on solid calcium silicate 

brick. First, the equation for calculating a single anchor without edge 

influence was determined. Based on the tests, it was found that the brick 

compressive strength enters the equation with an exponent of 0,3 (Ὢ ȟ
) 

and the effective embedment depth with an exponent 1,5 (Ὤ ȟ
). This 
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assumption of the exponent of the embedment depth of 1,5 was 

confirmed on the basis of the size effect according to Baģant (1984) and 

the fact that the solid calcium silicate brick exhibits quasi-brittle 

behaviour like concrete. The pre-factor Ὧ  equal to 15,0 and was 

determined empirically. 

In the next step, tests were carried out with single anchors and anchor 

groups under variation of spacing and edge distance in large-sized 

bricks. With the help of these tests, the critical spacing and edge 

distances to ί ςϽὧ τϽὬ  were determined. For anchorages in 

large-sized bricks installed close to the edge ὧ ςϽὬ , the 

disturbance of the rotationally symmetric stress state had no effect. 

Therefore, the factor ɰȟ was not applicable in this case. 

Finally, the behaviour in small-sized bricks was investigated. The 

small-sized bricks were used to build a wall panel of stretcher bond or 

header bond. The anchors were installed in the centre of the wall and 

the masonry units. Consequently, the breakout cone was not affected by 

the free edge. With these tests, three cases were presented, whereby the 

calculation of the bearing load in the first case very strongly 

overestimated the test results. In the second case, the calculation was 

done with consideration of the geometric influence. This equation 

showed very conservative results. For the brick formats NF, 2DF and 

3DF, the third case was best suited. In this case, only the factor which 

considered the inhomogeneity of the brick was taken into account, 

which is: 

ɰ ȟ πȢς πȢψ
ὧ

ὧȟ
ρȢπ 

Despite the full grouting of the joints, a strong disturbance of the stress 

distribution took place due to the change of material on four sides of the 

brick. The geometric influence was not considered because the breakout 

can extend beyond the joints. 
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Finally, the chapter examines the influence of the compressive strength 

of the masonry mortar. No increase in load-bearing behaviour due to 

the compressive strength of the masonry mortar was observed. Since 

only a comparison with a compressive strength of 9,5 N/mm² for the 

masonry mortar was carried out on clamped masonry units, further 

investigations with different compressive strengths of masonry mortar 

are necessary to confirm this assumption. 
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7 Splitting Failure under Tension Loading 

This chapter describes the load-bearing behaviour of bonded anchors 

in case of splitting failure under tension loading. The derivation of 

the design of a single anchor in various brick formats and 

compressive strengths is described. 

As the current design method TR 054 (2022) does not contain a 

design for the failure splitting failure mode and does not refer to the 

respective ETA for the characteristic resistance, it is of interest to 

design this failure mode. For this purpose, the splitting behaviour in 

the tests was examined more closely and the equation was derived 

from the results. 

A comparison of the derived design cannot be made as there are no 

design models with this type of failure mode are available. 

7.1 Experimental Program 

The tests were carried out in bricks of various dimensions. Bonded 

anchors with and without sieve sleeves were investigated. The 

injection mortar was the same as in the previous tests. Both threaded 

rods sizes M8 and M12 (steel grade of 8.8) were tested. The plastic 

sieve sleeve with a diameter of 12 mm was only used in the tests with 

size M8. The diameter of the drill holes for M8 was 12 mm and for 

M12 14 mm. The anchors were installed at 50 mm embedment depth. 

Solid calcium silicate bricks in the dimensions NF, 2 DF and 3 DF 

with compressive strength classes (csc) of 12 N/mm²; 16 N/mm² and 

20 N/mm²and a bulk density class of 2,0 kg/dm³ were used as base 

material. The nominal compressive strengths (Ὢ) of the bricks are 

listed in Table 7.1. The tests were carried out in masonry units and 

wall panels with an unconfined or confined test setup. The test setups 

are described in Section 4.4.2 and the installation of the anchors was 

carried out according to Section 4.2.1.3. 
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A summary of the performed tests is shown in Table 7.2. The 

designation of the test series begins with the brick format and 

compressive strength class (csc) followed by the diameter of the 

threaded rod. If the installation was carried out with a sieve sleeve, 

the designation contains an s. This is followed by MU (masonry unit) 

or MB (masonry bond). At the end, the test setup used is defined: C 

stands for confined und UC for unconfined test setup. 
 

Table 7.1: Average compressive strengths of the bricks tested acc. to 

DIN EN 772-1 

Format csc 2 N/mm² csc 16 N/mm² csc 20 N/mm² 

NF 21,6 N/mm² 18,1 N/mm² 25,4 N/mm² 

2DF 15,0 N/mm² 18,1 N/mm² 25,4 N/mm² 

3DF 19,1 // 20,0 N/mm² 18,1 N/mm² 25,4 N/mm² 

 

  



 
 

 

165 

Table 7.2: Test program of single anchors under tension loading in a masonry 

unit (MU) or masonry bond (MB) ï Failure mode splitting failure 

Series 
No. of 

tests 

Anchor 

Diameter 

[mm] 

Brick  

Dimension 

Support 

width [mm]  

NF-12-M8-s-MB-C 8 8 NF 25 

NF-12-M8-s-MU-C 5 8 NF 25 

2DF-12-M8-s-MB-C 5 8 2DF 25 

2DF-12-M8-s- MU-C 3 8 2DF 25 

2DF-16-M8-s-MB-C 5 8 2DF 25 

2DF-16-M8-s- MU-C 3 8 2DF 25 

2DF-20-M8-s-MB-C 5 8 2DF 25 

2DF-20-M8-s- MU-C 3 8 2DF 25 

3DF-12-M8-s-MB-C 5 8 3DF 25 

3DF-12-M8-s- MU-C 3 8 3DF 25 

3DF-16-M8-s-MB-C 5 8 3DF 25 

3DF-16-M8-s- MU-C 3 8 3DF 25 

3DF-20-M8-s-MB-C 5 8 3DF 25 

3DF-20-M8-s- MU-C 3 8 3DF 25 

NF-12-M12-MB-UC 5 12 NF 400 

NF-12-M12- MU-UC 5 12 NF 150 

NF-16-M12-MB-UC 5 12 NF 400 

NF-16-M12- MU-UC 5 12 NF 150 

NF-20-M12-MB-UC 5 12 NF 400 

NF-20-M12- MU-UC 5 12 NF 150 

2DF-12-M12- MB-UC 5 12 2DF 400 

2DF-12-M12-MU-UC 5 12 2DF 80 

2DF-16-M12-MB-UC 5 12 2DF 400 

2DF-16-M12-MU-UC 5 12 2DF 80 

2DF-20-M12-MB-UC 5 12 2DF 400 

2DF-20-M12-MU-UC 5 12 2DF 80 

3DF-12-M12-MB-UC 5 12 3DF 400 

3DF-12-M12-MU-UC 5 12 3DF 80 

3DF-16-M12-MB-UC 5 12 3DF 400 

3DF-16-M12-MU-UC 5 12 3DF 80 

3DF-20-M12-MB-UC 5 12 3DF 400 

3DF-20-M12-MU-UC 5 12 3DF 80 
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7.2 Test Results 

In total, 32 test series were carried out. A test series includes three or 

five tests. In one test series, 8 tests were carried out because the 

anchors were not installed in the same position. The influence of the 

setting position was observed. For these tests, small stretcher bonds 

were made from NF bricks. As shown in Figure 7.1, these were 

clamped with U-profiles and threaded rods. The pre-stressing was 

performed according to EAD 330076-00-0604 (2014) and was 

0,2 N/mm². The bonded anchors located close to the clamping of the 

frame had a higher load-bearing capacity. It is assumed this behaviour 

happened due to the bending of the U-profiles. Because of the pre-

stressing at the ends of the U-profiles, they bent in the middle and led 

to an uneven pre-stressing of the wall panel. As a result, the bricks in 

the outer wall were more strongly pre-stressed leading to a higher 

load-bearing capacity. 

 

Figure 7.1: Stretcher bond for test series NF-12-M8-s-MB-C 

The most common type of failure was splitting (Sp) with 53 %. But 

the failure mode occurred in combination with pull-out (P), brick 

breakout (B) or mixed failure (M). The second common failure mode 

was brick breakout with 27,2 %. Pull-out occurred in 24 tests 

(= 15,9 %) and mixed failure in 6 tests (= 4 %). Table 7.3 lists these 

results. The first column of the table is the test designation. Followed 
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by the compressive strength Ὢ, the main type of failure mode, the 

mean ultimate load of the main type of failure mode ὔȟ  and finally 

the coefficient of variation (cov). 

Table 7.3: Test results of single anchors in masonry bonds with splitting failure 

Series 
█╫ 

[N/mm²] 

Main failure 

mode 
ἚἽȟἵ ἳἚ cov Ϸ  

NF-12-M8-s-MB-C 21,6 Sp+P 6,13 16,7 

NF-12-M8-s-MU-C 21,6 P 10,25 12,5 

2DF-12-M8-s-MB-C 15,0 SP+P 8,36 8,2 

2DF-12-M8-s- MU-C 15,0 P 10,85 1,7 

2DF-16-M8-s-MB-C 18,1 Sp+P 8,50 14,5 

2DF-16-M8-s- MU-C 18,1 P 8,76 4,7 

2DF-20-M8-s-MB-C 25,4 Sp+P 9,09 5,0 

2DF-20-M8-s- MU-C 25,4 P 10,81 4,2 

3DF-12-M8-s-MB-C 19,1 Sp+P 8,02 2,5 

3DF-12-M8-s- MU-C 19,1 P 10,96 8,5 

3DF-16-M8-s-MB-C 18,1 Sp+P 9,09 11,0 

3DF-16-M8-s- MU-C 18,1 P 10,84 3,1 

3DF-20-M8-s-MB-C 25,4 Sp+P 9,04 11,7 

3DF-20-M8-s- MU-C 25,4 P 10,94 2,5 

NF-12-M12-MB-UC 21,6 B 5,82 6,8 

NF-12-M12- MU-UC 21,6 Sp+M 4,06 17,5 

NF-16-M12-MB-UC 18,1 B 6,78 1,5 

NF-16-M12- MU-UC 18,1 Sp+M 5,02 7,9 

NF-20-M12-MB-UC 25,4 B 6,83 8,5 

NF-20-M12- MU-UC 25,4 Sp+M 6,43 15,7 

2DF-12-M12- MB-UC 15,0 B 9,71 6,5 

2DF-12-M12-MU-UC 15,0 Sp+B 8,61 8,8 

2DF-16-M12-MB-UC 18,1 B 9,37 5,0 

2DF-16-M12-MU-UC 18,1 Sp+B 8,41 7,0 

2DF-20-M12-MB-UC 25,4 B 10,07 5,8 

2DF-20-M12-MU-UC 25,4 Sp+B 9,27 10,2 

3DF-12-M12-MB-UC 20,0 B 10,10 2,6 

3DF-12-M12-MU-UC 20,0 Sp+B 8,12 3,3 

3DF-16-M12-MB-UC 18,1 B 9,62 4,6 

3DF-16-M12-MU-UC 18,1 Sp+B 8,75 3,9 

3DF-20-M12-MB-UC 25,4 Sp+B 11,04 6,4 

3DF-20-M12-MU-UC 25,4 B 10,84 6,8 
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When evaluating splitting failure, the maximum load achieved is not 

used as the ultimate load. Instead, the first load peak is considered the 

decisive ultimate load. The occurrence of splitting means that the 

base material is already damaged, so that under further loading it can 

either bear higher loads again or no longer reach the initial peak. Due 

to this uncertainty, the first peak is defined as the decisive ultimate 

load. The load-displacement curves for corresponding failure cases 

shown in Figure 7.2 illustrate this behaviour. In curve 1, the first peak 

is at 0,15 mm with a load of 5,86 kN. The second peak is higher than 

the first peak and reaches a load of 7,75 kN. However, the situation 

is different in curve 2. The first peak is at 0,35 mm with a load of 5,26 

kN, and the second peak is below the first peak at 4,05 kN. It is 

therefore conservative to use the first peak to evaluate the tests. 
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Figure 7.2: Load-displacement curves of bonded anchors with splitting failure 
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7.3 Discussion of the Test Results 

Since different brick formats with different compressive strengths 

were investigated, the test results are normalized to the compressive 

strength 15,0 N/mm² according to Equation (6.1) with ‌ πȟσ. The 

results are shown in Figure 7.3 and Figure 7.4 and are plotted against 

brick format, base material and failure mode. The separation of the 

results into two diagrams is done because of the different test setups 

and anchor systems. Figure 7.3 shows the results of tests with M8 

threaded rods with sieve sleeve and a confined test setup. Figure 7.4 

shows the results of tests with M12 threaded rods and an unconfined 

test setup. 

In order to better assess the splitting behaviour, two parameters are 

investigated. On the one hand, the obvious dependence on the brick 

format and, on the other hand, the influence of the fracture surface is 

examined more closely. 

The influence of the brick format can be clearly seen in Figure 7.3 

and Figure 7.4. Figure 7.3 shows that the greatest reduction in load-

bearing capacity due to splitting occurs in NF bricks. The reduction 

is approximately 42 %. For the 2DF bricks, the mean load capacity 

due to splitting decreases by 15 % and for the 3DF bricks by 20 %. 

Similar behaviour showed the NF bricks tested under unconfined 

tests setup (see Figure 7.4) with a decrease of approximately 21 % in 

failure load. The tests with 2DF and 3DF bricks showed a decrease 

of 9 % and 10 % due to splitting failure, respectively. Based on these 

results, the following reduction factors due to splitting failure ‌  can 

be assumed, depending on the brick format: 

Confined test setup: 

Brick = NF brick: ‌ ȟ πȟφπ 

Brick > NF brick: ‌ ȟ πȟψυ 
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Unconfined test setup: 

Brick = NF brick: ‌ ȟ πȟψπ 

Brick > NF brick: ‌ ȟ πȟωπ 

Subsequently, the influence of the fracture surface is examined in 

more detail. Splitting failure always occurred on the shortest side of 

the brick. To illustrate this, the fracture surfaces of the respective 

bricks are shown in Figure 7.5. To compare the behaviour across the 

fracture surface, the stress that must be applied to cause the brick to 

split is determined. For this purpose, the average ultimate load is 

divided by the fracture surface. The results are summarized in Table 

7.4. The average fracture stress of the NF and 2DF bricks was 

0,6 N/mm². For the 3DF bricks, the average value was 0,3 N/mm². 

Here it can be assumed that splitting occurs at the fracture stress of 

0,6 N/mm² and that the transition to splitting failure occurred at 

0,4 N/mm². For the 2DF and 3DF bricks, the bonded anchor did not 

fail mainly by splitting. To confirm these values, a comparison was 

made with the tests from Sections 5 and 6 with 8DF bricks, which 

also failed by splitting. It was found that the average fracture stress 

was about 0,3 N/mm² with unconfined test setup and approximately 

0,5 N/mm² with confined test setup. The problem arises from the fact 

that the 8DF brick already has considerable inherent rigidity due to 

its large dimensions, and the wide support promotes split failure 

because of its bending behaviour. As a result, the determined fracture 

strength is lower with unconfined test setup. However, this effect is 

not apparent in small-format bricks. In this case, the wide support 

extends beyond the individual block without generating additional 

stresses. 
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Figure 7.3: Normalized ultimate loads of tests with confined test setup 
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Figure 7.4: Normalized ultimate loads of tests with unconfined test setup 
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Figure 7.5: Fracture surfaces of the brick formats NF, 2DF, 3DF and 8DF 

Table 7.4: Fracture stresses due to splitting failure 

Test setup Brick format  
Fracture stress 

[N/mm²] 
Failure mode 

Confined 

NF 0,65 Sp+P 

2DF 0,62 Sp+P 

3DF 0,40 Sp+P 

8DF 0,47 Sp+P 

Unconfined 

NF 0,57 Sp+M 

2DF 0,63 Sp+B 

3DF 0,42 Sp+B 

8DF 0,29 Sp+P 
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7.4 Summary 

This chapter discussed splitting failure of single anchors. For this 

purpose, proposals for determining the reduction factors for bonded 

anchors in solid calcium silicate brick are presented and a comparison 

of the fracture stresses was made. 

First, all test results were normalized to the compressive strength 

Ὢ ρυȟπ N/mm² and presented via brick format, base material and 

failure mode (see Figure 7.3 and Figure 7.4). It can be seen that the 

brick format has a great influence on the splitting failure and on the 

reduction of the load-bearing capacity due to splitting. On this basis, 

an assumption was made for ‌ . For this purpose, the support width 

of the test setup is included. The following reduction factors are 

proposed 

Confined test setup: 

NF brick: ‌ ȟ πȟφπ 

Brick > NF brick: ‌ ȟ πȟψυ 

Unconfined test setup: 

NF brick: ‌ ȟ πȟψπ 

Brick > NF brick: ‌ ȟ πȟωπ 

In addition, the influence of the fracture surface was investigated. 

With the help of the fracture surface, the breaking stress caused by 

splitting in the brick was determined and compared with each other. 

In this case, the NF bricks and 2DF bricks showed the highest average 

values of 0,6 N/mm². The fracture stresses of the 3DF bricks was on 

average 0,4 N/mm². The assumption can be made that splitting failure 

is influenced by the smallest cross-section area of the brick. Even 

though the types of failure are not identical, the fracture stress for 

wide and narrow supports is almost identical in the respective brick 
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formats. The slightly larger 8DF brick is an exception here. In these 

tests, the fracture stress ranged from about 0,3 N/mm² to 0,5 N/mm² 

with the various test setups. This is because bending creates 

additional stresses in the brick, which then fail due to splitting under 

lower tensile loads. Based on these observations, it seems sensible to 

conduct further test series for future investigations and to develop a 

design for splitting failure, considering the resulting fracture surfaces. 
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8 Local Brick Failure under Shear Loading 

This chapter describes the load-bearing behaviour of bonded anchors in 

case of local brick failure under shear loading. In the current design 

method TR 054 (2022), there is no design for this type of failure mode 

and the TR only refers to the respective ETA. 

In a first step, the test results of single and group anchors are evaluated. 

With the help of Welzôs (2011) calculation method C (thick loading 

fixture and small embedment depth), the group behavior could be 

derived. In addition, the influence of the joint with or without mortar is 

investigated. With the help of the test results, the equation of the load-

bearing capacity is presented as a function of the joint width. 

8.1 Experimental Program 

To investigate the influence of the spacing ί and joint, tests were carried 

out with bonded anchors as single and group anchorages in solid 

calcium silicate bricks. The injection mortar used is described in 

Section 4.2.1. Threaded rods of sizes M8 with steel grade 8.8 were used 

as anchors and were installed with a plastic sieve sleeve with a diameter 

of 12 mm. The drill holes had a diameter of 12 mm. In all tests, the 

embedment depth Ὤ  was 50 mm. Group anchorages were only 

installed in solid material and side by side. The joint filled with or 

without mortar of two bricks of 4DF in a steel frame and plane elements 

(PE) with compressive strength classes 12 N/mm² and 16 N/mm² were 

used as base material. All bricks have a bulk density class of 2,0 kg/dm³. 

The compressive strength Ὢ of the bricks was tested according to DIN 

EN 772-1 (2016) at the MPA of the University of Stuttgart. These were 

11,1 N/mm² for the 4DF bricks and 21,2 N/mm² for the PE bricks. The 

compressive strength of the mortar for masonry Ὢ was tested according 

to DIN EN 1015-11 (2020) at the MPA of the University of Stuttgart 

and was 9,5 N/mm². The tests were carried out with an unconfined test 
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setup, which is described in Section 4.4.2, with no edge influence. Load 

application is in the direction of the free edge for the single brick and 

in direction of the joint for the tests in the joint. Table 8.1 summarises 

the test series carried out with single anchor (I) and anchor groups (II) 

in solid material or joint with or without mortar. The designation of the 

test series starts with the load direction V. Then comes the anchorage 

type I or II and the brick dimension. Afterwards base material solid, 

joint without mortar (j) or joint with mortar (J) is given. If the anchor 

was installed in joint, the designation contains the joint width after the 

base material. For group anchorages, the spacing ί as a function of the 

embedment depth comes after the base material. 

Table 8.1: Test program of single and group anchors under shear loading in 

single bricks or joint with various joint widths ï Failure mode local 

material failure 

Test 
No. of 

tests 
Anchor 

Brick 

format  

Base 

mat. 

Spacing 

[mm] 

Joint 

width  

[mm] 

V-I-PE-solid 10 Single PE 

Solid 

- - 

V-II -PE-solid-s0,75hef 5 Group PE 37,5 - 

V-II -PE- solid-s1,5hef 5 Group PE 75 - 

V-II -PE- solid-s3,0hef 5 Group PE 150 - 

V-I-4DF-j<0,5mm 6 Single 4 DF 

Joint 

without 

mortar 

- < 0,5  

V-I-4DF-j=0,5mm 1 Single 4 DF - 0,5 

V-I-4DF-j=1,0mm 1 Single 4 DF - 1,0 

V-I-4DF-j=1,5mm 1 Single 4 DF - 1,5 

V-I-4DF-j=2,0mm 6 Single 4 DF - 2,0 

V-I-4DF-J=5mm 6 Single 4 DF 

Joint 

with 

mortar 

- 5,0 

V-I-4DF-J=6mm 1 Single 4 DF - 6,0 

V-I-4DF-J=7mm 1 Single 4 DF - 7,0 

V-I-4DF-J=10mm 1 Single 4 DF - 10,0 

V-I-4DF-J=13mm 6 Single 4 DF - 13,0 

8.2 Test results 

In total, 14 test series were carried out. The number of tests per test 

series varies, as only single tests were carried out for tests in the joint 
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at intermediate sizes. Subsequently, series with five tests each were 

carried out only for the extreme values. 

For the tests in the solid brick, five tests were carried out per series. An 

exception is the test series with single anchor. Here the results from two 

series were combined and consists of 10 tests. The difference between 

these test series is the edge distance. Since the edge distance is greater 

than 1,5 hef, these tests are presented as one series. 

The failure mode local brick failure occurred in approx. 95 % of the 

tests. Two tests failed by combined failure mode with brick edge failure 

and local brick failure. One test failed by pry-out. In the following, only 

tests with local brick failure are included in the evaluation. 

Table 8.2 summarizes the results of single and group anchors with the 

failure mode local brick failure. The first column is the test designation. 

In the following columns are number of tests with local brick failure, 

anchorage, base material, mean ultimate load ὔȟ  and the coefficient 

of variation (cov). 
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Table 8.2: Test results of single and group anchors under shear loading in single 

bricks or joint with various joint widths ï Failure mode local brick 

failure 

Test 
No. of 

tests 
Anchor 

Brick 

format  

Base 

material 
ἚἽȟἵ ἳἚ cov Ϸ  

V-I-PE-solid 10 Single PE 

Solid 

11,60 13,9 

V-II-PE-solid-s0,75hef 3 Group PE 23,26 8,1 

V-II-PE- solid-s1,5hef 5 Group PE 21,24 6,4 

V-II-PE- solid-s3,0hef 5 Group PE 22,18 8,1 

V-I-4DF-j<0,5mm 6 Single 4 DF 

Joint 

without 

mortar 

11,80 4,8 

V-I-4DF-j=0,5mm 1 Single 4 DF 11,49 - 

V-I-4DF-j=1,0mm 1 Single 4 DF 10,73 - 

V-I-4DF-j=1,5mm 1 Single 4 DF 11,68 - 

V-I-4DF-j=2,0mm 5 Single 4 DF 13,06 4,3 

V-I-4DF-J=5mm 6 Single 4 DF 

Joint 

with 

mortar 

11,29 7,7 

V-I-4DF-J=6mm 1 Single 4 DF 10,27 - 

V-I-4DF-J=7mm 1 Single 4 DF 9,23 - 

V-I-4DF-J=10mm 1 Single 4 DF 8,22 - 

V-I-4DF-J=13mm 6 Single 4 DF 8,36 13,3 

8.3 Discussion of the Results 

8.3.1 Influence of Single and Group Anchors in Solid 

Plane Element 

The ultimate loads as a function of spacing of single and group 

anchorages are plotted in Figure 8.1. The results of the single 

anchorages are evenly distributed and average 11,60 kN. There was one 

outlier in the test series that showed no difference in failure. The facture 

pattern did not differ from the other tests. It is possible that macro 

cracks occurred due to previous testing and had resulted in a lower 

ultimate load. The group anchorages showed an average ultimate load 

of 22,15 kN. This was within the range of twice the mean ultimate load 

of single anchorages. They show no difference when the spacing of the 

anchor was increased. According to these results, the critical spacing 

ίȟ had no influence on local brick failure. Thus, the following 

equation for the group of double anchors can be established: 
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ὠȟ ςϽὠȟ  ὔ  (8.1) 

with:   

 ὠȟ  Ultimate load of a single anchor without influence of 

neighbouring anchors and from the edge acc. to case C 

of Welzôs (2011) proposal 

  

ὨϽὪϽὬ Ͻ ς
τϽὓ ȟ

ὨϽὪϽὬ
ρ  

 

Group anchors installed one behind the other were not investigated. 

Therefore, no statement regarding the critical spacing can be made for 

this case. 

As described in Section 3.2.5.2, Welz (2011) uses the factor 

ρ ίίȟȟϳ ς for group anchors with a minimum spacing of 

anchors of 50 mm. In the tests carried out, the minimum spacing was 

37,5 mm and despite this, the group anchors achieved approximately 

twice the ultimate load of a single anchor. If the factor ρ ίίȟȟϳ  

is used, the ultimate load for different spacing should follow the blue 

curve in Figure 8.1. Accordingly, the group anchors achieve twice the 

ultimate load of a single anchor at a spacing of 125 mm, which is not 

the case. 
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Figure 8.1: Ultimate loads vs. spacing of single and group anchorages in solid 

PE block 

8.3.2 Influence of Installation in Joints 

As described in Section 8.1, the tests were carried out with different 

joint widths and filled or unfilled joints. For comparison, the test results 

in solid brick are used as reference. As the bricks had different 

compressive strengths, the results were normalized to the low 

compressive strength (11,1 N/mm²) according to Equation (6.1) with an 

‌ πȟσ. The results are shown in Figure 8.2. On the y-axis is the 

normalized ultimate load ὔȢ . The x-axis shows the joint width and 

the base material. It can be seen that the results of the tests in the unfilled 

joint are on average slightly higher than those of the tests in the solid 

brick. This can be attributed to the fact that the 4 DF bricks were 

clamped and the PE bricks were very large and therefore did not need 

to be clamped. While the results in the solid brick were on average 

11,60 kN, the mean ultimate load in the unfilled joints was 12,17 kN. 
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The unfilled joint with a joint width of 2 mm had the highest mean 

ultimate load. This can be attributed to the fact that the injection mortar 

fills the joint and had a higher resistance. 

In the tests with mortar filled joints, the joint widths were larger. In this 

case, the failure loads decreased with increasing joint width. To 

evaluate the results, the normalized ultimate loads are shown in Figure 

8.3 via the joint width. In this case, the ultimate loads were not 

normalized as all tests were carried out with 4DF bricks from one batch. 

It can be seen that the load decreases up to a certain joint width and 

thereafter the ultimate loads are in the scatter band around 8,34 kN. This 

is because the threaded rod was located throughout the joint and the 

load was only transferred via the masonry mortar in the joint. However, 

with smaller joint widths, the stress could still be transferred to the 

brick. The smaller the joint width, the more stress could be transferred 

to the brick. With an increase in the joint width, the stress distribution 

shifts from the brick to the masonry mortar and is finally transferred 

only via the masonry mortar. The stress distributions for different joint 

widths are shown schematically in Figure 8.4 and the corresponding 

failure patterns of the stress distributions in Figure 8.5. Despite 

different joint conditions and stress distribution, a linear dependence of 

the ultimate loads can be seen in Figure 8.3. The following equation as 

a function of crack width results from a linear regression with a 

coefficient of determination of 0,99. 

ώ ρςȟψ πȟσυϽɝ×  ὔ  (8.2) 

The crack width 0 mm (y-axis intersection) represents the single anchor 

in the solid material. This value could be considered as the ultimate load 

of a single anchor without the influence of edges or adjacent anchors. 

This results in the following equation for the anchor in the joint, 

regardless of whether the joint is filled with mortar or not. 
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ὠȟȟ ὠȟ Ͻρ πȟπσϽɝ×  ὔ  (8.3) 

with:   

 
ὠȟ  Ultimate load of a single anchor without influence of 

neighbouring anchors and from the edge 

 ɝ×  Width of the joint άά 

   
In order to check the behaviour of the ultimate loads ὠ over the joint 

width ɝ× , the mean ultimate loads ὠȟ  from Stipetiĺ (2017) were also 

added to the diagram in Figure 8.3. Only the results with size M12, 

which were installed in the vertical joint and tested in the direction of 

the joint, are relevant for the comparison. The compressive strength of 

the brick and the mortar strength are not known, so that the loads cannot 

be normalized to the compressive strength of 11,1 N/mm². 

Nevertheless, the results are within the scatter band of the load 

reduction across the joint width and are in good agreement with the 

current results. 

Figure 8.6 shows the ratio of the calculated ultimate load ὠȟȟ to the 

ultimate loads determined in the tests ὔ  over the joint width ɝ× . The 

results are distributed horizontally around the value 1,0. Thus, a good 

agreement of the results with the calculated loads can be seen. 
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Figure 8.2: Normalized ultimate loads of single anchorages in various joints 
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Figure 8.3: Ultimate loads of tests in joint unfilled or filled with mortar of 4DF 

bricks as a function of joint width 

ώ ρςȟψ πȟσυϽЎύ 
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Figure 8.4: Stress distribution with increasing joint widths 

    

Figure 8.5: Failure patterns in solid brick and various joint widths 
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Figure 8.6: Ratio of Vu,lb,j to Vu over joint width ȹwj 
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8.4 Summary 

At the beginning of the chapter, the behaviour of single anchors and 

group anchors under local brick failure were investigated. It was not 

possible to propose an equation for the single anchor without the 

influence of the edge because the number of the tests was limited. For 

this purpose, Welzós (2011) proposal calculation method C was 

adopted. This agreed very well with the actual test results. With group 

anchors, the spacing had no influence on the results. With thick loading 

fixture and a small embedment depth (case C), the ultimate load was 

always twice as high as with a single anchorage, regardless of the 

spacing. This only applied if the force was applied centrally between 

the anchors. The case of group anchors installed one behind the other 

was not investigated. 

Finally, the behaviour of anchors in the joint was evaluated with 

different joint widths. For this purpose, joints with mortar or without 

mortar were examined. It was found that the ultimate load decreases in 

a linear relationship with the joint width, which was determined using 

a linear regression. The coefficient of determination of the regression 

was 0,99. Since the joint represents a weakening of the material, the 

load was applied in the direction of the joint in all tests. The equation is 

therefore only valid for the load direction parallel to the joint. 
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9 Brick Edge Failure under Shear Loading 

This chapter describes the load-bearing behaviour of bonded anchors in 

case of brick edge failure under shear loading with a loading direction 

to the free edge. In the current design method TR 054 (2022) here is a 

design for this type of failure mode, but the brick compressive strength 

Ὢ is included in the design with an exponent of 0,5. In Section 6 ñBrick 

Breakout Failure under Tension Loadingò it was shown that the 

compressive strength is included in the design with an exponent of 0.3 

(ὪȢ). Therefore, the existing equation is examined in more detail and 

modified for the base material solid calcium silicate brick. 

Firstly, the influence of the edge distance of single anchors is examined. 

Then group anchorages are examined. Here, the normalized failure 

loads are divided by the edge distance to the power of 1,5 in order to 

remove the influences of the compressive strengths and edge distances 

from the results. Subsequently, the determined influences are integrated 

into the design. Finally, a simplified design is proposed. 

A comparison of the derived design with existing design model 

TR 054 (2022) is made in this section as a the existing equation is 

modified. 

9.1 Single Anchor with various Edge Distance c 

9.1.1 Experimental Program 

The tests with bonded anchors were carried out in various calcium 

silicate bricks. Bonded anchors with and without sieve sleeves were 

investigated. The injection mortar used is described in Section 4.2.1. In 

all tests, threaded rods of size M8 or M12 with a steel grade of 8.8 were 

used. The threaded rods M8 were installed with sieve sleeves and the 

size M12 without. The plastic sieve sleeves had a diameter of 12 mm. 

The drill holes of tests with M8 had a diameter of 12 mm and those of 

size M12 a drill hole diameter of 14 mm. The embedment depth was for 
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all tests 50 mm. The installation procedure is explained in more detail 

in Section 4.2.1.3. Solid calcium silicate bricks in the dimensions 8 DF 

and plan elements (PE) with a compressive strength class of 12 N/mm² 

and 16 N/mm² and a bulk density class of 2,0 kg/dm³ were used as base 

material. The nominal compressive strengths of the bricks were 

15,2 N/mm² (8DF bricks) and 18,1 N/mm² and 21,2 N/mm² (PE 

blocks). Tests were carried out in single masonry units with the loading 

direction towards the free edge. The used test setup allowed for a free 

breakout of the edge, which is described in more detail in Section 4.4.3. 

Table 9.1 lists the performed test series. In the first column, the 

designation of the test series is given: the load direction Q (shear 

loading) is followed by I for single anchor, the anchor size and finally 

the edge distance ὧ as a function of the effective embedment depth Ὤ . 

The following columns show the number of tests, brick format, anchor 

size, installation with or without sieve sleeve and finally the edge 

distance. 

Table 9.1: Test program of single anchors under shear loading - Brick edge 

failure 

Test 
No. of 

tests 

Brick 

format  

Ø of 

anchor 

Sieve sleeve 

[Yes / No] 

Edge distance c 

[mm] 

Q-I-8DF-M8-c0,5hef 5 8DF M8 Y 25 

Q-I-8DF-M8-c1,0hef 5 8DF M8 Y 50 

Q-I-8DF-M8-c1,5hef 5 8DF M8 Y 75 

Q-I-8DF-M8-c2,0hef 5 8DF M8 Y 100 

Q-I-PE-M8-c0,5hef 5 PE M8 Y 25 

Q-I-PE-M8-c1,0hef 5 PE M8 Y 50 

Q-I-PE-M8-c1,5hef 5 PE M8 Y 75 

Q-I-PE-M8-c2,0hef 5 PE M8 Y 100 

Q-I-PE-M12-c0,8hef 5 PE M12 N 40 

Q-I-PE-M12-c1,0hef 5 PE M12 N 50 

Q-I-PE-M12-c1,2hef 5 PE M12 N 60 

Q-I-PE-M12-c1,4hef 5 PE M12 N 70 

Q-I-PE-M12-c1,8hef 5 PE M12 N 90 

Q-I-PE-M12-c2,0hef 5 PE M12 N 100 
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9.1.2 Test Results 

In total, 15 test series with 75 tests were carried out, whereby tests with 

brick edge failure only were evaluated. Table 9.2 summarizes the 

results of single anchors with the failure mode brick edge failure. The 

first column shows the test designation. In the following columns are 

brick format, compressive strength Ὢ, edge distance ὧ, mean ultimate 

load ὠȟ  and finally the coefficient of variation (cov). 

The failure mode brick edge failure occurred in 73,3 % of the tests. The 

remaining tests failed due to local material failure (approx. 13 %) and 

by splitting failure (approx. 13 %). 

Table 9.2: Test results of single anchors under shear loading - Brick edge failure 

mode 

Test 
Brick 

format  

█╫ 

[N/mm²] 

Edge distance 

c [mm] 
ἤἽȟἵ ἳἚ cov Ϸ  

Q-I-8DF-M8-c0.5hef 8DF 15,2 25 1,42 31,8 

Q-I-8DF-M8-c1.0hef 8DF 15,2 50 4,29 15,4 

Q-I-8DF-M8-c1.5hef 8DF 15,2 75 -1) - 

Q-I-8DF-M8-c2.0hef 8DF 15,2 100 -1) - 

Q-I-PE-M8-c0.5hef PE 21,2 25 1,71 20,5 

Q-I-PE-M8-c1.0hef PE 21,2 50 5,60 17,4 

Q-I-PE-M8-c1.5hef PE 21,2 75 9,06 17,0 

Q-I-PE-M8-c2.0hef PE 21,2 100 -1) - 

Q-I-PE-M8-c3.0hef PE 21,2 150 -1) - 

Q-I-PE-M12-c0.8hef PE 18,1 40 3,70 7,9 

Q-I-PE-M12-c1.0hef PE 18,1 50 5,44 4,7 

Q-I-PE-M12-c1.2hef PE 18,1 60 7,59 5,5 

Q-I-PE-M12-c1.4hef PE 18,1 70 9,4 3,1 

Q-I-PE-M12-c1.8hef PE 18,1 90 12,86 4,9 

Q-I-PE-M12-c2.0hef PE 18,1 100 14,76 3,8 

1) No test failed due to brick edge failure 
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9.1.3 Discussion 

9.1.3.1 Influence of the Edge Distance ╬ 

Figure 9.1 shows the normalized test results of tests with the failure 

mode brick edge breakout over the edge distance ὧ. The normalization 

is done according to Equation (6.1) with the reference compressive 

strength of 15,2 N/mm². The lowest compressive strength among the 

bricks was taken as the reference compressive strength. With a non-

linear regression, the ultimate load increased as a function of the edge 

distance with an exponent of 1,5 (ὧȟ). Therefore, the influence of the 

edge distance from the design according to TR 054 (2022) for bonded 

anchors in solid calcium silicate brick can be confirmed. 

Based on the results, the edge distance to ensure transmission of the 

characteristic resistance of a single bonded anchor ὧȟ could not be 

defined. The failure loads increased continuously up to an edge distance 

of ςȟπϽὬ . However, a change in failure mode was observed. For the 

8DF bricks, the failure mode changed from brick edge failure to 

splitting for an edge distance of ρȟυϽὬ . With the plane elements and 

anchor diameter 8 mm, the failure mode changed from edge failure to 

local brick failure at an edge distance of ςȟπϽὬ . The M12 threaded 

rods in PE blocks were examined up to an edge distance ςȟπϽὬ  and 

brick edge failure occurred in all the tests. 

The ὧȟ value is not defined in TR 054 (2022), however in 

EAD 330076-00-0604 (2014) a ὧ  of ρȟυϽὬ  is given. Therefore, 

ὧȟ is assumed ρȟυϽὬ  as a conservative value. 
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Figure 9.1: Norm. ultimate load ὠȟ  vs. edge distance ὧ of single anchors with 

various base material and anchor diameter 

9.1.3.2 Influence of the Compressive Strength █╫ 

As described at the beginning of the chapter, the compressive strength 

Ὢ considered in the design with an exponent of 0,5. Since this is not 

the case for brick breakout failure under tension loading (see Section 

6), the single anchors are considered more in detail. Here, the equation 

from TR 054 (2022) for brick edge failure (see Equation (3.37)) is 

compared with the modified equation. The Ὧ-factor of the design with 

load to the free edge in TR 054 (2022) is divided by 0,7 to obtain the 

mean equation and is as follows: 

ὠȟ ὯϽὨȟϽ
ȟ

ϽὪȟϽὧȟ  ὔ  (9.1) 

with:   

 Ë Pre-factor πȟςυπȟχϳ πȟσφ   

ώ πȟπρϽὧȢ 
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 Ὠ Diameter of the anchor άά  

 Ὤ  Effective embedment depth άά  

 Ὢ Normalized mean brick compressive strength ὔȾάάό 

 ὧ Edge distance  

The modified equation considers the compressive strength with an 

exponent of 0.3, therefore the Ὧ-factor is also empirically redetermined. 

Accordingly, the modified equation: 

ὠȟȟ ὯϽὨȟϽ
ȟ

ϽὪȟϽὧȟ  ὔ  (9.2) 

with:   

 Ë Pre-factor ρȟςυ   

 Ὠ Diameter of the anchor άά  

 Ὤ  Effective embedment depth άά  

 Ὢ Normalized mean brick compressive strength ὔȾάάό 

 ὧ Edge distance to the free edge άά  

Figure 9.2 shows the calculated loads ὠȟ according to the Equations 

(9.1) and (9.2) against the measured ultimate loads ὠ. The modified 

equation shows a better agreement with the test results than the current 

design. The current design is very conservative. This behaviour is 

shown in the following figure. In Figure 9.3, the ratio ὠȟ ὠϳ  against 

the brick compressive strength Ὢ is plotted. While the results of the 

modified equation are horizontally at 1,0 (insinuating a good 

approximation of the calculated results with the test results), the values 

of the actual design are horizontally around 0,5. On average, the ὠȟ ὠϳ  

ratio of the modified equation is 0,92 with a coefficient variation of 

12,9 % and for the current equation is 0,47 with the same coefficient of 

variation. According to the results, it is evident that with the 
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optimisation of the Ὧ-factor, better results can be achieved with the 

current design. 
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Figure 9.2: Comparison of calculated loads ὠȟ under variation of compressive 

strength influence with the test results ὠ 
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Figure 9.3: Ratio ὠȟ ὠϳ  against the brick compressive strength Ὢ 

9.1.3.3 Simplification of the Equation for Brick Edge Failure 

In the previous section was shown that the equation with an exponent 

0,3 for the compressive strength gives comparable results with the tests. 

The next step in the design is to observe the quotient Ὤ Ὠϳ
ȟ

 in 

more detail. This quotient lies in a value range of 1,2 to 1,7, which can 

be considered as a factor in the equation. With the mean of the value 

range (1,4), a pre-factor of 1,75 results for the equation. The following 

equation is proposed for calculating the load-bearing behaviour of a 

single anchor in case of brick edge failure: 

ὠȟȟ ὯϽὨȟϽὪȟϽὧȟ ὔ  (9.3) 

with:   

 Ë Pre-factor ρȟχυ   

 Ὠ Diameter of the anchor άά  

 Ὤ  Effective embedment depth άά  
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 Ὢ Normalized mean brick compressive strength ὔȾάάό 

 ὧ Edge distance to the free edge άά  

    
Figure 9.4 shows the calculated ultimate loads with the modified 

Equations (9.2) and (9.3) compared to the test results. Both variants 

distribute well on the diagonal dotted line, but the equation ὠȟȟ  

shows a better agreement. This is plotted again in Figure 9.5. Here the 

quotients of the calculated loads to the test results are shown over the 

edge distance. While the mean value for ὠȟȟ  is 0,92 and has a 

coefficient of variation of 12,9 %, the mean value for ὠȟȟ  is 0,93 

with a coefficient of variation of 12,6 %. 
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Figure 9.4: Comparison of the modified values to the experimental results 
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Figure 9.5: Vu,b,mod/Vu over the edge distance c 

9.2 Anchor Groups 

9.2.1 Experimental Program 

The tests with bonded anchors were carried out in various calcium 

silicate bricks. Only bonded anchors with sieve sleeves were 

investigated. In all tests, threaded rods of size M8 with a steel grade of 

8.8 were used. The plastic sieve sleeves had a diameter of 12 mm. The 

drill holes had a diameter of 12 mm. The embedment depth was for all 

tests 50 mm. The installation procedure is explained in more detail in 

Section 4.2.1.3. Solid calcium silicate bricks in the dimensions 8 DF 

and plan elements (PE) with a compressive strength class of 12 N/mm² 

and 16 N/mm² and a bulk density class of 2,0 kg/dm³ were used as base 

material. The nominal compressive strengths of the bricks were for 

8 DF bricks 15,2 N/mm² and for PE blocks 21,2 N/mm². The tests were 

carried out in single masonry units with the loading direction towards 

the free edge. The used test setup allowed for a free breakout of the 
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edge, which is described in more detail in Section 4.4.3. Table 9.3 and 

Table 9.4 list the test series carried out. The designation of the test series 

starts with the load direction Q (shear loading) followed by II for group 

anchor, the anchor size and at the end, the edge distance ὧ and spacing 

ί as a function of the effective embedment depth Ὤ . The next columns 

show the number of tests, brick format, anchor size, the edge distance 

and finally the spacing. 

Table 9.3: Test program of group anchors under shear loading in 8DF ï Brick 

edge failure 

Test 
No. of 

tests 

Brick 

format  

Ø of 

anchor 

Edge 

distance c 

[mm] 

Spacing 

s [mm] 

Q-II-8DF-M8-c0,5hef-s0,75hef 5 8DF M8 25 37,5 

Q-II-8DF-M8-c0,5hef-s1,5hef 5 8DF M8 25 75 

Q-II-8DF-M8-c0,5hef-s3hef 5 8DF M8 25 150 

Q-II-8DF-M8-c1hef-s1hef 5 8DF M8 50 50 

Q-II-8DF-M8-c1hef-s1,5hef 5 8DF M8 50 75 

Q-II-8DF-M8-c1hef-s2hef 5 8DF M8 50 100 

Q-II-8DF-M8-c1,5hef-s0,75hef 5 8DF M8 75 37,5 

Q-II-8DF-M8-c1,5hef-s1,5hef 5 8DF M8 75 75 

Q-II-8DF-M8-c1,5hef-s3hef 5 8DF M8 75 150 

Q-II-8DF-M8-c2hef-s1hef 5 8DF M8 100 50 

Q-II-8DF-M8-c2hef-s1,5hef 5 8DF M8 100 75 

Q-II-8DF-M8-c2hef-s2hef 5 8DF M8 100 100 
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Table 9.4: Test program of group anchors under shear loading in PE ï Brick edge 

failure 

Test 
No. of 

tests 

Brick 

format 

Ø of 

anchor 

Edge distance 

c [mm] 

Spacing 

s [mm] 

Q-II-PE-M8-c0,5hef-s0,75hef 5 PE M8 25 37,5 

Q-II-PE-M8-c0,5hef-s1,5hef 5 PE M8 25 75 

Q-II-PE-M8-c0,5hef-s3hef 5 PE M8 25 150 

Q-II-PE-M8-c1hef-s1hef 5 PE M8 50 50 

Q-II-PE-M8-c1hef-s1,5hef 5 PE M8 50 75 

Q-II-PE-M8-c1hef-s2hef 5 PE M8 50 100 

Q-II-PE-M8-c1,5hef-s0,75hef 5 PE M8 75 37,5 

Q-II-PE-M8-c1,5hef-s1,5hef 5 PE M8 75 75 

Q-II-PE-M8-c1,5hef-s3hef 5 PE M8 75 150 

Q-II-PE-M8-c2hef-s1hef 5 PE M8 100 50 

Q-II-PE-M8-c2hef-s1,5hef 5 PE M8 100 75 

Q-II-PE-M8-c2hef-s2hef 5 PE M8 100 100 

Q-II-PE-M8-c3hef-s0,75hef 5 PE M8 150 37,5 

Q-II-PE-M8-c3hef-s1,5hef 5 PE M8 150 75 

Q-II-PE-M8-c3hef-s3hef 5 PE M8 150 150 

9.2.2 Test Results 

In total, 27 test series with 135 tests were carried out, whereby tests 

with brick edge failure only were evaluated. Table 9.5 and Table 9.6 

summarize only the results of group anchors with the failure mode brick 

edge failure. The first column is the test designation followed by the 

compressive strength Ὢ, edge distance ὧ, spacing ί, mean ultimate load 

ὠȟ  and finally the coefficient of variation (cov). 

The failure mode brick edge failure occurred in 77,9 % of the tests. The 

remaining tests failed by splitting failure (approx. 17,0 %) and due to 

local brick failure (approx. 11,1 %). 

In the following, only the tests with brick edge failure are examined. 
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Table 9.5: Test results of group anchors under shear loading in 8DF bricks - 

Brick edge failure 

Test 

No. 

of 

tests 

█╫ 

[N/mm²] 

Edge 

distance 

c [mm] 

Spacing 

s [mm] 

ἤἽȟἵ 
ἳἚ 

cov 

Ϸ  

Q-II-8DF-M8-c0,5hef-s0,75hef 5 15,2 25 37,5 1,77 30,0 

Q-II-8DF-M8-c0,5hef-s1,5hef 5 15,2 25 75 1,96 23,0 

Q-II-8DF-M8-c0,5hef-s3hef 5 15,2 25 150 2,62 33,5 

Q-II-8DF-M8-c1hef-s1hef 5 15,2 50 50 4,14 14,9 

Q-II-8DF-M8-c1hef-s1,5hef 5 15,2 50 75 5,02 15,2 

Q-II-8DF-M8-c1hef-s2hef 5 15,2 50 100 5,46 16,5 

Q-II-8DF-M8-c1,5hef-s0,75hef 4 15,2 75 37,5 7,31 4,6 

Q-II-8DF-M8-c1,5hef-s1,5hef 2 15,2 75 75 8,27 5,6 

Q-II-8DF-M8-c1,5hef-s3hef 1 15,2 75 150 10,99 - 

Q-II-8DF-M8-c2hef-s1hef - - - - - - 

Q-II-8DF-M8-c2hef-s1,5hef - - - - - - 

Q-II-8DF-M8-c2hef-s2hef - - - - - - 
 

Table 9.6: Test results of group anchors under shear loading in PE - Brick edge 

failure 

Test 
No. of 

tests 

█╫ 

[N/mm²] 

Edge 

distance 

c [mm] 

Spacing 

s [mm] 

ἤἽȟἵ 
ἳἚ 

cov 

Ϸ  

Q-II-PE-M8-c0,5hef-s0,75hef 5 21,2 25 37,5 2,18 13,4 

Q-II-PE-M8-c0,5hef-s1,5hef 5 21,2 25 75 3,26 10,8 

Q-II-PE-M8-c0,5hef-s3hef 5 21,2 25 150 3,44 9,9 

Q-II-PE-M8-c1hef-s1hef 5 21,2 50 50 6,34 17,3 

Q-II-PE-M8-c1hef-s1,5hef 5 21,2 50 75 7,28 12,4 

Q-II-PE-M8-c1hef-s2hef 5 21,2 50 100 7,70 10,7 

Q-II-PE-M8-c1,5hef-s0,75hef 5 21,2 75 37,5 11,05 10,2 

Q-II-PE-M8-c1,5hef-s1,5hef 5 21,2 75 75 13,05 3,7 

Q-II-PE-M8-c1,5hef-s3hef 5 21,2 75 150 16,57 2,9 

Q-II-PE-M8-c2hef-s1hef 5 21,2 100 50 16,18 7,0 

Q-II-PE-M8-c2hef-s1,5hef 5 21,2 100 75 19,06 10,1 

Q-II-PE-M8-c2hef-s2hef 5 21,2 100 100 19,51 6,5 

Q-II-PE-M8-c3hef-s0,75hef - - - - - - 

Q-II-PE-M8-c3hef-s1,5hef - - - - - - 

Q-II-PE-M8-c3hef-s3hef - - - - - - 
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9.2.3 Discussion 

9.2.3.1 Influence of the Spacing s and Edge Distance c 

To determine the influence of spacing, the test results are shown in 

Figure 9.6. The diagrams show the normalized load ὠȟ  to the 

compressive strength 15,2 N/mm² over spacing ί for different edge 

distances ὧ were investigated. The upper diagram shows the results for 

an edge distance of 25 mm, the middle one for 50 mm and the lower 

one for 75 mm and 100 mm. The diagrams show that the distance 

between the anchors required to form a complete edge breakout cone is 

75 mm. In this case, this corresponds to ρȟυϽὬ  and means that the 

ultimate load increases proportionally up to a spacing of ρȟυϽὬ . For 

ί ρȟυϽὬ  the anchor group reaches the maximum achievable 

ultimate load of two single anchors. The load increase due to a second 

anchor is between 30 % and 80 %. This depends on the edge distance. 

According to EAD 330076-00-0604 (2014), a standard value for group 

anchors in solid bricks is given as σϽὬ . Tests must be carried out for 

a smaller spacing. With these test results it is shown that for double 

fixings installed side by side with an anchor diameter Ὠ ψ άά and 

an embedment depth of 50 mm the spacing ίȟ ρȟυϽὬ  can be 

assumed independent of the edge distance. 
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Figure 9.6: Norm. ultimate loads vs. spacing with various edge distances c 

Nevertheless, the edge break depends on the edge distance and the 

spacing. This is illustrated in Figure 9.7 according to Fuchs and 

Eligehausen (1995). On the left side, the single anchor is shown with 

an idealised half pyramid and on the right side a group anchor of two 

anchors with the overlapping idealised fracture surfaces. The idealised 

area of the group anchors can vary, but only the illustrated case is 

investigated in the experiments. Here, the CC-Method is used in 

relation to the projected surfaces, which consider the influence of the 

spacing on the edge failure when calculating the failure load. This 

means that the ultimate load of a group anchor in a brick with a 

thickness of Ó 1,5 c is determined as follows: 

ὠȟ
ȟ

ȟ
Ͻὠȟ ὔ  (9.4) 

with:   
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 ὃȟ τȟυϽὧ άάό 

Projected area of a single anchor 

 

 ὃȟ ρȟυὧϽσὧ ί άάό 

Projected area of a group anchor, which is influenced 

by an edge and a brick thickness Ó 1,5 c 

 
ὠȟ Ultimate load of a single anchor due to brick edge failure 

Ὧὔ 

 

Figure 9.7: Projected areas for shear loaded single anchor or anchor group acc. 

to Fuchs and Eligehausen (1995) 

9.2.3.2 Review of Simplification for Group Anchors 

In Sections 9.1.3.2 and 9.1.3.3, the equation for brick edge failure is 

modified. The first modification concerns the influence of the 

compressive strength. Here, the exponent is adjusted as for the brick 

breakout failure mode in Section 6. The second modification is a 

simplification of the equation. Based on the test results, it is shown that 

the quotient Ὤ Ὠϳ
ȟ

 of the equation ὠȟ according to TR 054 

(2022) can be considered as a factor. In this section, the modified 

equations for single anchors are applied to the group anchors and 

verified. A comparison of the results with the current equation from TR 

054 (2022) was performed. For this purpose, the equations of the single 

anchor are used in the Equation (9.4) and the respective results are 

ὃȟ ὃȟ 
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determined. The equation from TR 054 (2022) (Equation (9.1)) and the 

modified Equations (9.2) and (9.3) are used to determine the failure 

load of the single anchor. The result of this calculation is shown in 

Figure 9.8 with respect to the failure loads of the tests. The modified 

equations show a better agreement with the experimental results. In 

contrast, the equation from TR 054 (2022) provides very conservative 

results. On average, the quotient of calculated load and test result for 

ὠȟȟ  is 1,07 with a coefficient of variation of 26,4 %. The mean 

value of the ratio is almost identical for ὠȟȟ . It is 1,04 with a 

coefficient of variation of 26,4 %. In contrast, the mean value of the 

ratio for the equation from TR 054 (2022) is 0,55, but with a 

significantly lower coefficient of variation of 13,2 %. This means that 

the results in this case are underestimated by 45 %. 
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Figure 9.8: Comparison of calculated loads ὠȟ under variation of ὠȟ 
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9.3 Summary 

At the beginning of the chapter, the influence of the edge is illustrated 

by single anchors with different edge distances and the exponent ὧȟ is 

confirmed in the Equation (9.1). 

The influence of the compressive strength is then analysed, as the 

compressive strength is taken into account with an exponent of 0,3 in 

the event of brick breakout failure. A comparison is made with the 

current equation from TR 054 (2022) (Equation (9.1)). It can be seen 

that Equation (9.1) provides very conservative results. The k-factor in 

the equation can be optimised to achieve results that are more consistent 

with the test results. 

The modified equation (Equation (9.2)) is simplified. For this purpose, 

the quotient Ὤ Ὠϳ
ȟ

 is used as a factor. The simplification leads to 

almost the same results as the modified equation. 

The next step was to analyse the group anchorage. These are double 

anchors that are installed next to each other and loaded in the centre 

under shear load. It can be observed that the double fastening achieves 

its fully load-bearing capacity at a spacing of ρȟυϽὬ , regardless of 

how large the edge distance is. 

Finally, the modified equations are tested for group anchoring. While 

the modified equations (Equation (9.2) and (9.3)) provide almost 

identical results and agree with the test results, the equation from TR 

054 (2022) has 45% lower values. As with the single anchors, better 

results can be achieved here with an adjusted k-factor. 

It should be noted that only M8 and M12 threaded rods with an effective 

embedment depth of 50 mm were analysed. Further tests with larger 

diameters and various embedment depths are necessary to verify the 

modified equations. 
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10 Proposal for a Design Model 

Fastenings with bonded anchors in solid calcium silicate brick under 

tension and shear loads can fail in various ways, which are caused by 

different mechanism (see Section 2.2.2.1). The design concept 

presented corresponds to the procedure of TR 054 (2022). The 

following subsections show the main features of a design concept with 

safety factors to be applied for anchorages in solid calcium silicate 

brick. 

As described in Section 3.4, Equation (3.31), proof must be provided 

that the design value of the action is less than or equal to the design 

value of the resistance. To calculate the design resistance, the 

characteristic resistance is divided by the partial safety factor. The 

following partial safety factors apply to the determination of the design 

resistances if no national regulations exist: 

Failure of the anchor rod 

- Tension load:  ‎
ȟ

ϳ
ρȟτ 

- Shear load: If Ὢ ψππ ὔȾάάό and Ὢ Ὢϳ πȟψ: 

‎
ρȟπ

Ὢ Ὢϳ
ρȟςυ 

or 

if Ὢ ψππ ὔȾάάό or Ὢ Ὢϳ πȟψ: 
 

‎ ρȟυ 

Failure of the anchor system 

- Tension and shear load:  ‎ ςȟυ 

- Shear load with local brick failure:  ‎ ȟ ςȟπ 
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10.1 Resistance to Tension Load 

The design approaches for anchors under tension load are explained in 

detail in the following subsections. 

10.1.1 Pull-out Failure of the Anchor 

The failure mode pull-out failure depends on the anchor system and is 

designed on the basis of bonded anchors in concrete. The characteristic 

resistance is determined according to Equation (10.1). 

ὔ ȟ ὔ ȟϽ
ȟ

ȟ
Ͻɰȟ   [N] (10.1) 

Based on current experience, the various factors of Equation (10.1) for 

anchors in calcium silicate brick are given as follows: 

a) Characteristic failure load of one anchor without edge 

influence 

 ὔ ȟ † ȟϽὨϽ“ϽὬ  (10.2) 

  with:  

  † ȟ Characteristic bond resistance [N/mm²]  

  Ὠ Diameter of the threaded rod [mm]  

  Ὤ  Effective embedment depth [mm]  

  The values are given in the relevant ETA 

b) The geometric effect of spacing and edge distance ὃȟ ὃȟϳ  

  

ὃȟ Reference value of the bond influence area of a 

single anchor [mm²] with large spacing and edge 

distance at the brick surface 

ίȟ  [mm²] 
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ὃȟ Actual bond influence area, limited by 

overlapping areas of adjacent anchors 

ί ίȟ  as well as by edges ὧ ὧȟ  of 

the brick [mm²] 

  with:  

  ίȟ  ςπϽὨϽ
ȟ

ȟ
σὬ   [mm]  

  ὧȟ  πȟυϽίȟ   [mm]  

     
The bond influence areas are shown in Figure 10.1 to Figure 10.3 as 

examples for large-format and small-format bricks. 

 

Figure 10.1: The reference value of the bond influence area of a single anchor 

and example of actual bond influence area of a single anchor 

influenced by the edge (acc. to TR 029 (2010)) 

 

ὃȟ ίȟ σὬ  

ὃȟ ίȟ Ͻὧȟ ὧ 
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Figure 10.2: Example of actual bond influence areas of single anchors in clamped 

NF, 2DF or 3DF bricks 

 

Figure 10.3: Example of actual bond influence areas of anchor groups (acc. to 

TR 029 (2010)) 

if Ὤ ςϽὧȟ  if Ὤ ςϽὧȟ  and 

ὧ ὧȟ  

if Ὤ ςϽὧȟ  and 

ὧ ὧȟ  

ὃȟ ίȟ ϽὬ ὃȟ ςὧϽὬ ὃȟ ςὧϽὬ 

ὃȟ ςϽίȟ ρψϽὬ  

ὃȟ ίȟ ίϽὧȟ ὧ 
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c) Consideration of the effect of the failure surface for anchor 

groups  

 ɰȟ ɰȟ
ȟ

Ȣ

Ͻɰȟ ρ ρȟπ [-] (10.3) 

  With:  

 
 ɰȟ  Ѝὲ Ѝὲ ρϽ

ὨϽ†

ὯϽὬ ȟϽὪȟ

Ȣ

  

   With:  

   ὲ Number of anchors  

   Ὠ Diameter of the anchors [mm]  

   †  Bond strength [N/mm²]  

   Ὧ ρȟτσ  

   Ὤ  Effective embedment depth [mm]  

   
Ὢ Normalized mean brick compressive 

strength [N/mm²] 

  ί Spacing of the anchors  

  ίȟ  Critical spacing in case of pull-out  

   σϽὬ   

     
10.1.2 Brick Breakout Failure  

The equation for the characteristic resistance of an anchor or an anchor 

group due to brick breakout differs between large-format and small-

format bricks are given below. Bricks are considered small-sized if the 

shortest distance to the joint ὧ is smaller than ὧȟ ςϽὬ . 

In case of large-format brick, the equation for the characteristic 

resistance is as follows: 
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ὔ ȟ
ȟ

ȟ
Ͻὔ ȟ ὔ  (10.4) 

with:   

 
ὃȟ Area of the idealized breakout cone of a single 

anchorάάό 

 
ὃȟ Existing area of the idealized breakout cone on the 

lateral brick surfaceάάό 

 
ὔ ȟ Ultimate load of a single anchor without edge 

influence 

  ρπȟυϽὪ ȟϽὬ ȟ
 ὔ   

  with:   

  
Ὢ Normalized mean brick compressive strength 

ὔȾάάό 

  Ὤ  Embedment depth άά 

    
The geometric effect of spacing and edge distances are shown as an 

example in Figure 10.4 and Figure 10.5. 
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Figure 10.4: Influence area of an individual anchor with large spacing and edge 

distance at the brick surface ὃȟ and an example of a limited area 

by edge ὃȟ (in acc. to Fuchs and Eligehausen (1995)) 

 

Figure 10.5: Idealized projected area of anchor groups (acc. to Fuchs and 

Eligehausen (1995)) 

ὃȟ ίȟ τὬ  

ὃȟ ίȟ Ͻὧȟ ὧ 

ὃȟ ςϽίȟ σςϽὬ  

ὃȟ ίȟ ίϽὧȟ ὧ 
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For bricks that are less than or equal to 3DF, the equation for the 

characteristic resistance is as follows: 

ὔ ȟ ὔ ȟϽɰ ȟ ὔ  (10.5) 

with:   

 ὔ ȟ Ultimate load of a single anchor without edge influence 

  ρπȟυϽὪ ȟϽὬ ȟ
 ὔ   

  with:   

  
Ὢ Normalized mean brick compressive strength 

ὔȾάάό 

  Ὤ  Embedment depth άά  

 ɰ ȟ Factor to account for inhomogeneity  

  πȟς πȟψ
ὧ

ὧȟ
ρȟπ  

  with:  

  ὧ Shortest distance to the joint άά  

  

ὧȟ  Edge distance for ensuring the transmission of 

the resistance of a single anchor without 

spacing and edge effects in case of brick 

breakout failure άά 

ςϽὬ  

    
The characteristic resistance of group anchors ὔ ȟ and installations 

close to the edge are given in the respective ETA with the values of the 

minimum distances ί  and ὧ . 

10.1.3 Splitting Failure  

EAD 330076-00-0604 (2014) requires that the base material shall be at 

least 80 mm thick (Ὤ ) and the embedment depth of the bonded 
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anchor shall be at least 50 mm (Ὤ ȟ ). In the performed tests, the 

base material was at least twice as thick as the embedment depth. 

Nevertheless, the anchors failed due to splitting. The splitting behaviour 

shall therefore be investigated in the approval tests for anchoring in base 

material with the minimum member height Ὤ . The information on 

the assessment of splitting behaviour is given in the corresponding 

ETA. If no information about the splitting behaviour is given in the 

ETA, then the characteristic resistance ὔ ȟ, ὔ ȟ and ὔ ȟ has to be 

reduced by the following factor: 

Brick = NF brick: ‌ ȟ πȟψπ 

Brick > NF brick: ‌ ȟ πȟωπ 

10.2 Resistance to Shear Load 

The design approaches for anchors under shear load are explained in 

detail in the following subsections. 

10.2.1 Local Brick Failure  

To determine the characteristic resistance due to local brick failure, the 

Welz (2011) design approach case C is used with a thick loading fixture 

and shallow embedment depth (ὸ Ὠ). In the case of a parallel 

double anchor, twice the characteristic resistance of a single anchor is 

applied without the influence of the spacing of the anchors. The 

following equation therefore applies for the single anchor: 

ὠ ȟ πȟχυϽὠ ȟ   ὔ  (10.6) 

with:   

 ὠ ȟ  ὨϽὪȟϽὬ Ͻ ς
τϽὓ ȟ

ὨϽὪȟϽὬ
ρ   

 Ὠ Diameter of the anchor άά  
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Ὢȟ Local brick compressive strength ὔȾάάό 

‌ ϽὪ 
 

  with:   

  ‌  Increase factor to be determined from tests  

  
Ὢ Normalized mean brick compressive strength 

ὔȾάάό 

 Ὤ  Effective embedment depth άά  

 
ὓ ȟ Characteristic plastic section modulus of the threaded 

rod 

  ρȟχϽὡ ϽὪ   ὔȾάάό  

  with:   

  ὡ  Section modulus άάύ  

  Ὢ  Yield strength ὔȾάάό  

     
If the anchor is installed in the joint and the loading acts in the direction 

of the joint, the following equation applies: 

ὠ ȟȟ ὠ ȟ Ͻρ πȟπσϽɝ×  ὔ  (10.7) 

with:   

 ὠ ȟ  Characteristic resistance of a single anchor without 

influence of neighbouring anchors and from the edge 

acc. to Equation (10.6) 

 ɝ×  Width of the joint ÍÍ with 

ɝ× Ὠ 
 

  and   

  Ὠ Diameter of the borehole ÍÍ  
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The characteristic resistance of a group anchor with parallel installed 

anchors not influenced by the edge is as follows: 

ὠ ȟ ÎϽὠ ȟ  ὔ  (10.8) 

with:   

 ὠ ȟ  Characteristic resistance of a single anchor without 

influence of neighbouring anchors and from the edge 

acc. to Equation (10.6) 

 Î Number of threaded rods   

    
10.2.2 Brick Edge Failure 

The characteristic resistance to brick edge failure of a single anchor 

with a loading direction to the free edge is determined according to the 

following equation; 

ὠ ȟ ρȟςσϽὨȟϽὪȟϽὧȟ ὔ  (10.9) 

with:   

 Ὠ Diameter of the anchor άά  

 Ὤ  Effective embedment depth άά  

 
Ὢ Normalized mean compressive strength of the brick 

ὔȾάάό 

 ὧ Edge distance to the free edge άά  

The second modified equation with an adjusted k-factor and an 

exponent of 0,3 of the normalized mean compressive strength of the 

brick is proposed as the design equation. When a breakout failure 

occurs, the influence of the compressive strength is the same for tension 

and shear loading. Furthermore, the quotient Ὤ Ὠϳ
ȟ

 is not taken into 

account in this equation, as its influence on the final results is minimal. 
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The characteristic resistance of a group anchor with parallel installed 

anchors and a load direction towards the free edge is as follows, 

ὠ ȟ
ȟ

ȟ
Ͻὠ ȟ ὔ  (10.10) 

With:   

 ὃȟ τȟυϽὧ άάό 

Projected area of a single anchor 

 

 ὃȟ ρȟυὧϽσὧ ί άάό 

Projected area of a group anchor, which is 

influenced by an edge and a brick thickness Ó 

1,5 c 

 

 
ὠ ȟ Characteristic resistance of a single anchor due to brick 

edge failure Ὧὔ 

   

 

Figure 10.6: Projected areas for shear loaded single anchor or anchor group acc. 

to Fuchs and Eligehausen (1995) 
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11 Examples for the Calculation of Resistances 

11.1 Resistances to Tension Load ï Without Edge and 

Joint Influence 

Anchor: Single anchor 

threaded rod M12 

steel grade 8.8 

Ὢ  800 N/mm² 

Ὢ  640 N/mm² 

ɰȟ ρȟπ 

Brick: Solid calcium silicate brick 

4DF (248 x 115 x 248 mm) 

Ὢ  16 N/mm² 

Masonry mortar: Thin bed mortar (MG II) 

vertical joint without mortar 

„  0,5 N/mm² 

Ὢ ȟ= 0,4 N/mm² 

Injection mortar † ȟ= 5,5 N/mm² 

Installation of 

anchor: 

ὧ ὧ  (without edge influence) 

Ὤ = 60 mm 

Partial factor: ‎  2,5 

‎  1,5 (tension load) 

Load direction: Tension load 
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Steel Failure: 

Required proof: 

 
ὔ

ὔ ȟ

‎
 Ë.   

Characteristic resistance of an anchor in case of steel failure is: 

 ὔ ȟ ὃϽὪ  ὔ    

  ψτȟσϽψππφχȟττ Ὧὔ   

 
ὔ

φχȟττ

ρȟυ
ττȟωφ Ë. 

 

Pull-out Failure: 

Required proof: 

 
ὔ

ὔ ȟ

‎
 Ë.   

Characteristic resistance of an anchor in case of pull-out failure is: 

 
ὔ ȟ ὔ ȟϽ

ὃȟ

ὃȟ
Ͻɰȟ  ὔ    

 a) Characteristic failure load of one anchor without edge 

influence 

  ὔ ȟ † ȟϽὨϽ“ϽὬ υȟυϽρςϽ“Ͻφπ 

 b) The geometric effect of spacing and edge distance 

ὃȟ ὃȟϳ  

  ίȟ  ςπϽὨϽ
ȟ

ȟ
σὬ   
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 ςπϽρςϽ

ȟ

ȟ

ȟ
ςπυȟυ άά σϽφπ  

  ὧȟ  πȟυϽίȟ πȟυϽσϽφπ ωπ άά 

 
 

As shown in Figure 11.1 is the geometric effect ὃȟ ὃȟϳ  

in this case ρȟπ. 

 
ὔ

ρςȟττ

ςȟυ
τȟωψ Ë. 

 

 

Figure 11.1: Geometric effect in case of pull-out failure 

 

Brick Breakout Failure: 

Required proof: 

 
ὔ

ὔ ȟ

‎
 Ë.   

Characteristic resistance of an anchor in case of brick breakout failure 

is: 

 
ὔ ȟ ὔ ȟϽ

ὃȟ

ὃȟ
 ὔ    
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a) Characteristic failure load of one anchor without edge 

influence 

 ὔ ȟ ρπȟυϽὪ ȟϽὬ ȟ ὔ  

  ρπȟυϽρφȟϽφπȟ ρρȟςρ Ὧὔ 

b) The geometric effect of spacing and edge distance 

ὃȟ ὃȟϳ  

 ίȟ  τὬ τϽφπ ςτπ άά 

 ὧȟ  πȟυϽίȟ πȟυϽσϽφπ ρςπ άά 

 
As shown in Figure 11.2 is the geometric effect ὃȟ ὃȟϳ  

in this case ρȟπ. 

 
ὔ

ρρȟςρ

ςȟυ
τȟτψ Ë. 

 

 

Figure 11.2: Geometric effect in case of brick breakout failure 
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Brick Pull-out and Combined Failure ï Vertical Joints without Mortar: 

Required proof: 

 
ὔ

ὔ ȟ

‎
 Ë.   

The characteristic resistance of an anchor in case of pull-out of one 

brick with non-mortar filled vertical joints is: 

 
ὔ ȟ ȟ  

ςϽὰ Ͻὦ

ϽπȟυϽὪ πȟτϽ„  ὔ  
 

 
 

ςϽςτψϽρρυϽπȟυϽπȟτ πȟτϽπȟυ 

ςςȟψς Ὧὔ 
 

 ὔ ςςȟψςςȟυϳ ωȟρσ Ë. 

 

Influence of the Joint: 

The factor for the influence of the joint ‌ȟ ρȟπ if ὧ ὧ  

ρςτ άά ρςπ άά V 

Splitting Failure: 

If no information about the splitting behaviour is given in the ETA, then 

the characteristic resistance ὔ ȟ and ὔ ȟ has to be reduced by the 

following factor: 

Brick > NF brick: ‌ ȟ πȟωπ 

 
ὔ ‌ ȟϽ

ὔ ȟ

‎
πȟωϽ

ρςȟττ

ςȟυ
τȟτψ Ë.   

 
ὔ ‌ ȟϽ

ὔ ȟ

‎
πȟωϽ

ρρȟςρ

ςȟυ
τȟπτ Ë. 
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Result: 

In this example calculation, the brick breakout with splitting failure is 

decisive, as this combined failure results in the lowest resistance. 

Therefore, the following applies: 

ὔ τȟπτ Ὧὔ 
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11.2 Resistances to Tension Load ï Influenced by Joint 

Anchor: Single anchor 

threaded rod M12 

steel grade 8.8 

Ὢ  800 N/mm² 

Ὢ  640 N/mm² 

ɰȟ ρȟπ 

Brick: Solid calcium silicate brick 

NF (240 x 115 x 71 mm) 

Ὢ  16 N/mm² 

Masonry mortar: Normal mortar (MG II) 

mortar filled vertical joints 

„  1,4 N/mm² 

Ὢ ȟ= 0,15 N/mm² 

Injection mortar † ȟ= 5,5 N/mm² 

Installation of 

anchor: 

ὧȟ συȟυ άά ὧ  (influenced by joint) 

ὧȟ ρςπ άά ὧ  

Ὤ = 60 mm 

Partial factor: ‎  2,5 

Under tension load ‎  1,5 

Load direction: Tension load 

 

Steel Failure: 

Required proof: 
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ὔ

ὔ ȟ

‎
 Ë.   

Characteristic resistance of an anchor in case of steel failure is, 

 ὔ ȟ ὃϽὪ  .   

  ψτȟσϽψππφχȟττ Ὧὔ   

 ὔ φχȟττρȟυϳ ττȟωφ Ë. 

 

Pull-out Failure: 

Required proof: 

 
ὔ

ὔ ȟ

‎
 Ë.   

Characteristic resistance of an anchor in case of pull-out failure is: 

 
ὔ ȟ ὔ ȟϽ

ὃȟ

ὃȟ
Ͻɰȟ  ὔ    

a) Characteristic failure load of one anchor without edge 

influence 

 ὔ ȟ † ȟϽὨϽ“ϽὬ  ὔ  

  υȟυϽρςϽ“Ͻφπ ρςȟττ Ὧὔ 

b) The geometric effect of spacing and edge distance 

ὃȟ ὃȟϳ  under the influence of joints 

 ίȟ  ςπϽὨϽ
†

χȟυ

ȟ

σὬ  

  
ςπϽρςϽ

υȟυ

χȟυ

ȟ

 

ςπυȟυ άά σϽφπ ρψπ άά 
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ὧȟ  πȟυϽίȟ πȟυϽσϽφπ ωπ άά Ὤ

χρ άά 

 

Figure 11.3 shows the areas of ὃȟ and ὃȟ for this 

example. As the height of the brick is less than ὧȟ  , the 

area for ὃȟ with the transition to the joints and the 

neighbouring bricks in the bond is not taken into account, 

as the load transfer takes place in the anchored brick. This 

results in the following for ὃȟȾὃȟ 

 
ὃȟ

ὃȟ

ίȟ ϽὬ

ίȟ

ρψπϽχρ

ρψπ
πȟσωτ  

ὔ ȟ ρςȟττϽπȟσωτϽρȟπ τȟωπ Ὧὔ 

ὔ
τȟωπ

ςȟυ
ρȟωφ Ë. 

 

 

Figure 11.3: Geometric effect of pull-out failure under the influence of joints 
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Brick Breakout Failure: 

Required proof: 

 
ὔ

ὔ ȟ

‎
 Ë.   

Characteristic resistance of an anchor in case of brick breakout failure 

in NF brick is: 

 ὔ ȟ ὔ ȟϽɰ ȟ    

a) 
Characteristic failure load of one anchor without edge 

influence 

 ὔ ȟ ρπȟυϽὪ ȟϽὬ ȟ ὔ  

  ρπȟυϽρφȟϽφπȟ ρρȟςρ Ὧὔ 

b) The factor for inhomogeneity is influenced by the shortest 

distance of the anchor to the joints with ὧ άὭὲὧȟȠὧȟ , 

see Figure 11.4 , and is determined as follows: 

 
ɰ ȟ πȟς πȟψ

ὧ

ὧȟ
ρȟπ 

 

  πȟς πȟψ
συȟυ

ςϽφπ
πȟτσχ  

ὔ ȟ ρρȟςρϽπȟτσχτȟωπ Ὧὔ  

ὔ
τȟωπ

ςȟυ
ρȟωφ Ë.  
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Figure 11.4: Distances to the joints for the calculation of the inhomogeneity factor 

 

Brick Pull-out and Combined Failure ï Vertical Joints without Mortar: 

Required proof: 

 
ὔ

ὔ ȟ

‎
 Ë.   

The characteristic resistance of an anchor in case of pull-out of one 

brick with mortar filled vertical joints is: 

 
ὔ ȟ ȟ  

ὔ ȟ ȟ ςϽὰ ϽὬ Ͻπȟυ

ϽὪ  ὔ  

 
 

ςϽςτπϽρρυϽπȟυϽπȟρυ πȟτϽρȟτ ς

ϽςτπϽχρϽπȟυϽπȟρυ 

  σχȟφρ Ὧὔ 

 
ὔ

σχȟφρ

ςȟυ
ρυȟπτ Ë. 
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Influence of the Joint: 

The factor for the influence of the joint ‌ȟ ρȟπ cause the setting 

position is in the brick and the joints are completely filled with mortar. 

 

Splitting Failure: 

If no information about the splitting behaviour is given in the ETA, then 

the characteristic resistance ὔ ȟ and ὔ ȟ has to be reduced by the 

following factor: 

Brick = NF brick: ‌ ȟ πȟψπ 

 
ὔ ‌ ȟϽ

ὔ ȟ

‎
πȟψϽ

τȟω

ςȟυ
ρȟυχ Ë.   

 
ὔ ‌ ȟϽ

ὔ ȟ

‎
πȟψϽ

τȟω

ςȟυ
ρȟυχ Ë. 

  

 

Result: 

In this calculation, both pull-out failure and brick breakout failure with 

splitting failure are decisive, as both combined failure modes result in 

the lowest resistance. Therefore, the following applies: 

ὔ ρȟυχ Ὧὔ 
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11.3 Resistance to Shear Load ï Load Direction to the 

Vertical Joint  

Anchor: Single anchor 

threaded rod M12 

steel grade 8.8 

Ὢ  800 N/mm² 

Ὢ  640 N/mm² 

ὓ ȟ ρψτȢυχτ ὔάά 

ɰȟ ρȟπ 

Brick: Solid calcium silicate brick 

4DF (248 x 115 x 248 mm) 

Ὢ  16 N/mm² 

Ὢȟ  60 N/mm² 

Masonry mortar: Thin bed mortar (MG II) 

vertical joint without mortar 

„  0,5 N/mm² 

Ὢ ȟ= 0,4 N/mm² 

Injection mortar † ȟ= 5,5 N/mm² 

Installation of 

anchor: 

ὧ ρςτ άά ὧ  

Ὤ = 60 mm 

Partial factor: ‎  2,5 

‎ ȟ  2,0 

‎  1,25 (shear load) 
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Load direction: Shear load in the direction of the vertical joint not 

filled with mortar, as shown in Figure 11.5 

 

Figure 11.5: Load direction to the vertical joint not filled with mortar 

 

Steel Failure: 

Required proof: 

 
ὠ

ὠ ȟ

‎
 Ὧὔ   

Characteristic resistance of an anchor in case of steel failure is: 

 ὠ ȟ πȟυϽὃϽὪ  ὔ    

  πȟυϽψτȟσϽψππσσȟχς Ὧὔ   

 
ὠ

σσȟχς

ρȟςυ
ςφȟωψ Ë. 
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Local Brick Failure: 

Required proof: 

 
ὠ

ὠ ȟ

‎ ȟ
 Ὧὔ   

The characteristic resistance under shear loading with thick loading 

fixture ὸ Ὠ  and small embedment depth is calculated as follows: 

ὠ ȟ  

πȟχυϽὨϽὪȟϽὬ

Ͻ ς
τϽὓ ȟ

ὨϽὪȟϽὬ
ρ  ὔ  

 

 
πȟχυϽρςϽφπϽφπϽ ς

τϽρψτȢυχτ

ρςϽφπϽφπ
ρ

ρφȟυχ Ὧὔ 

 

ὠ
ρφȟυχ

ς
ψȟςωὯὔ 

 

 

Brick Edge Failure 

Required proof: 

 
ὠ

ὠ ȟ

‎
Ὧὔ   

The characteristic resistance under shear loading in case of brick edge 

failure is: 

ὠ ȟ ρȟςσϽὨȟϽὪȟϽὧȟ ὔ   

 ρȟςσϽρςȟϽρφȟϽρςτȟ ρσȟυς Ὧὔ  

ὠ ρσȟυςȾςȟυ υȟτρ Ὧὔ  



Examples for the Calculation of Resistances 
 

 

232 

 

Pushing out of One Brick 

Required proof: 

 ὠ ὠ ȟ Ⱦ‎  Ë.   

The equation for the characteristic resistance in case of pushing out of 

one brick is: 

 ὠ ȟ  ςϽὰ Ͻὦ ϽπȟυϽὪ πȟτϽ„  ὔ   

 
 

ςϽςτψϽρρυϽπȟυϽπȟτ πȟτϽπȟυ 

ςςȟψς Ὧὔ 

 

 
ὠ

ςςȟψς

ςȟυ
ωȟρσ Ὧὔ 

 

 

Influence of the Joint: 

The factor for the influence of the joint ‌ȟ ρȟπ if ὧ ὧ  

ρςτ άά ρςπ άά V 

 

Result: 

In this example calculation, the brick edge failure is decisive, as this 

failure mode results in the lowest resistance. Therefore, the following 

applies: 

ὠ υȟτρ Ὧὔ 
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12 Summary and Outlook 

This work is mainly divided into three parts. The first part deals with 

the base material and the fastening systems in general. Their anchoring 

and failure mechanism play a major role. To this end, the publications 

on fracture mechanics by Baģant (1984), Eligehausen and Sawade 

(1989) and Oģbolt (1995) are summarized. Furthermore, the 

dissertations by Meyer (2006), Welz (2011) and Stipetiĺ (2017), which 

deal with the load-bearing behaviour of bonded anchors in masonry, are 

summarized and the current design according to the technical report TR 

054 (2022) is explained. 

The main part of this thesis deals with the experimental investigations 

and the evaluation of the test results. The test results are divided into 

individual sections according to the failure mode and are summarized 

in the following passages. 

Chapter 5 focused on the failure mode pull-out of single and group 

anchorages with and without edge influence. First, the equation for the 

calculation of a single anchor without edge influence is determined. 

Here, single anchors with and without sieve sleeve were investigated 

under variation of the support width. As a result, the factor ‌  for 

the pull-out failure mode could be determined, which was the same 

value as in uncracked concrete (according to EAD 330499-01-0601 

(2018). Therefore, ‌  for solid calcium silicate brick can be 

considered as 0,75. Subsequently, single anchors with edge influence 

and anchor groups were investigated. A critical edge distance of 

ὧȟ ρȟυϽὬ  was determined and confirmed by the test results. 

The critical spacing ίȟ ςϽὧȟ σϽὬ  could not be 

confirmed based on the test results. To be on the safe side, σϽὬ  is 

assumed for the critical spacing, analogous to the CC-Method (Fuchs 

and Eligehausen (1995)). Finally, the influences were integrated into 
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the equation and compared with results in large and small-sized bricks. 

The small-sized bricks were investigated as clamped masonry units. 

The geometric influence ὃȟ ὃȟϳ  of the small-sized bricks is on the 

masonry unit limited. The group factor ɰȟ , which takes into account 

the bond areas of the anchors, is taken from TR 029 (2010), with the 

deviation that the Ὧ-value in ɰȟ  is 1,43. This value was determined 

empirically. It is interesting to note that the disturbance of the 

distribution of the rotationally symmetric stress state in solid calcium 

silicate brick has no influence. Therefore, the factor ɰȟ  is not 

applicable in this case. 

Chapter 6 focused on the failure mode brick breakout failure of single 

and group anchors with and without edge influence. The equation of 

bonded anchors for concrete cone failure was considered and modified 

with the test results on solid calcium silicate brick. First, the equation 

for calculating a single anchor without edge influence was determined. 

Based on the tests, it was found that the brick compressive strength 

enters the equation with an exponent of 0,3 (Ὢ ȟ
) and the effective 

embedment depth with an exponent 1,5 (Ὤ ȟ
). This assumption of the 

exponent of the embedment depth of 1,5 was confirmed on the basis on 

the size effect according to Baģant (1984) and the fact that the solid 

calcium silicate brick also exhibits quasi-brittle behaviour like concrete. 

The pre-factor Ὧ  equal to 15,0 and was determined empirically. With 

the help of tests with single and anchor groups under variation of 

spacing and edge distance, the critical spacing and edge distances to 

ί ςϽὧ τϽὬ  were determined. For anchorages in large-sized 

bricks installed close to the edge ὧ ςϽὬ , the disturbance of the 

rotationally symmetric stress state had no effect. Therefore, the factor 

ɰȟ was not applicable in this case. The breakout cone in wall panels 

of stretcher bond or header bond with small-sized brick was not affected 

by the free edge. These tests were presented in three cases, whereby the 
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calculation of the bearing load in the first case very strongly 

overestimated the test results. In the second case, the calculation was 

done with consideration of the geometric influence. This equation 

showed very conservative results. For the brick formats NF, 2DF and 

3DF, the third case was best suited. In this case, only the factor which 

considered the inhomogeneity of the brick wall 

ɰ ȟ  πȟς  πȟψϽ ὧ ὧȟϳ ρȟπ was taken into account. 

Despite the full grouting of the joints, a strong disturbance of the stress 

distribution took place due to the change of material on four sides of the 

brick. The geometric influence was not considered because the breakout 

can extend beyond the joints. 

Chapter 7 discussed splitting failure of single anchors. Here, all test 

results were normalized to the compressive strength Ὢ ρυȟπ N/mm² 

and presented via brick format, base material and failure mode (see 

Figure 7.3 and Figure 7.4). It can be seen that the brick format has a 

great influence on the splitting failure and on the reduction of the load-

bearing capacity due to splitting. On this basis, an assumption was made 

for ‌ . For this purpose, the support width of the test setup is included. 

The following reduction factors are proposed: 

Confined test setup: 

NF brick: ‌ ȟ πȟφπ 

Brick > NF brick: ‌ ȟ πȟψυ 

Unconfined test setup: 

NF brick: ‌ ȟ πȟψπ 

Brick > NF brick: ‌ ȟ πȟωπ 

In addition, the influence of the fracture surface was investigated. With 

the help of the fracture surface, the breaking stress caused by splitting 

in the brick was determined and compared with each other. In this case, 

the NF bricks and 2DF bricks showed the highest average values of 
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0,6 N/mm². The fracture stresses of the 3DF bricks was on average 

0,4 N/mm². The assumption can be made that splitting failure occurs 

when the fracture stress is about 0,6 N/mm². The values below 

0,6 N/mm² are more or less a transition to splitting failure, but splitting 

is not the main type of failure mode. This was confirmed with tests in 

8DF bricks, where the main failure mode was splitting. In these tests, 

the fracture stress ranged from about 0,3 N/mm² to 0,5 N/mm². This 

confirmed that the splitting behaviour and the fracture stress was 

influenced by the brick format. 

In Chapter 8 the failure mode local brick failure of single or group 

anchors was investigated. It was not possible to propose an equation for 

the single anchor without the influence of the edge because the number 

of the tests was limited. For this purpose, Welzós (2011) proposal 

calculation method C was adopted. This agreed very well with the 

actual test results. With group anchors, the spacing had no influence on 

the results. With thick loading fixture and a small embedment depth 

(case C), the ultimate load was always twice as high as with a single 

anchorage, regardless of the spacing. This only applied if the force was 

applied centrally between the anchors. The case of group anchors 

installed one behind the other was not investigated. Furthermore, the 

behaviour of single anchors in the joint was evaluated with different 

joint widths. For this purpose, joints with mortar or without mortar were 

examined. It was found that the ultimate load decreases in a linear 

relationship with the joint width, which was determined using a linear 

regression. The coefficient of determination of the regression was 0,99. 

Since the joint represents a weakening of the material, the load was 

applied in the direction of the joint in all tests. The equation is therefore 

only valid for the load direction parallel to the joint. 

Chapter 9 focuses on the failure mode brick edge failure under shear 

loading. At the beginning of the chapter, the influence of the edge is 

illustrated by single anchors with different edge distances and the 
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exponent ὧȟ is confirmed in the Equation (9.1). The influence of the 

compressive strength is then analysed, as the compressive strength is 

taken into account with an exponent of 0,3 in the event of brick breakout 

failure. A comparison is made with the current equation from TR 054 

(2022) (Equation (9.1)). Equation (9.1) provides very conservative 

results. The k-factor in the equation can be optimised to achieve results 

that are more consistent with the test results. The modified equation 

(Equation (9.2)) is simplified. For this purpose, the quotient 

Ὤ Ὠϳ
ȟ

 is used as a factor. The simplification leads to almost the 

same results as the modified equation. The next step was to analyse the 

group anchorage. These are double anchors that are installed next to 

each other and loaded in the centre under shear load. It can be observed 

that the double fastening achieves its fully load-bearing capacity at a 

spacing of ρȟυϽὬ , regardless of how large the edge distance is. 

Finally, the modified equations are tested for group anchoring. While 

the modified equations (Equation (9.2) and (9.3)) provide almost 

identical results and agree with the test results, the equation from 

TR 054 (2022) has 45% lower values. As with the single anchors, better 

results can be achieved here with an adjusted k-factor. It should be 

noted that only M8 and M12 threaded rods with an effective embedment 

depth of 50 mm were analysed. Further tests with larger diameters and 

various embedment depths are necessary to verify the modified 

equations. 

Chapter 10, the last part of this thesis, presents the main features of a 

design concept with safety factors to be applied for anchorages in solid 

calcium silicate brick. 

This thesis has provided some insights, which in turn should be verified 

by further tests. Tests with further different embedment depths or 

various sizes should be carried out. The base material should be varied 

in terms of brick formats or bulk density classes. In addition, the joints 
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were not analysed in detail. What happens when an M8 anchor is 

installed in a 10 mm thick bed joint in a wall of solid calcium silicate 

brick or in a 10 mm thick bed joint in a wall of solid clay brick? Does 

the bonded anchor behave differently in the two walls, even if the joints 

are made of the same masonry mortar? There are many more 

unanswered questions that need to be investigated. 
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A Test Results ï Tension Load 
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Table A. 1: Tension test with various support width - threaded rod M8 with sieve 

sleeve (50 mm) 

Support 

width  

[hef] 

Brick  
fb 

[N/mm²] 

Ultimate load [kN]  Mean 

value 

[kN]  

cov 

[%]  1 2 3 4 5 

0 4DF 11,0 
9,43 9,91 9,62 9,95 9,36 

9,65 2,8 
P P P P P 

0 8DF 15,2 
10,43 10,00 8,60 7,53 10,76 

9,47 14,4 
P P P P P 

0,5 4DF 11,0 
9,17 7,14 9,65 8,23 9,40 

8,72 11,8 
P P P P P 

0,8 4DF 11,0 
8,66 7,95 7,17 8,99 8,87 

8,33 9,2 
B+P B+P B+P B+P B+P 

1 4DF 11,0 
6,68 9,27 9,10 6,67 10,24 

8,39 19,4 
B+P B+P B+P B+P B+P 

2 4DF 11,0 
7,14 7,33 6,15 6,40 6,12 

6,63 8,6 
B+P B+P B+P B+P B+P 

3 4DF 11,0 
6,24 7,58 7,52 6,96 7,45 

7,15 7,9 
B+P B+P B+P B+P B+P 

5 8DF 15,2 
7,31 9,10 6,89 10,28 9,91 

8,7 17,5 
P B+P B+P B+Sp B 

5 basys 1 21,2 
8,04 8,93 8,67 8,62 10,00 

8,85 8,1 
P P B+P P B+P 
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Table A. 2: Tension test with various support width - threaded rod M8 without 

sieve sleeve (50 mm) 

Support 

width  

[hef] 

Brick  
fb 

[N/mm²] 

Ultimate load [kN]  Mean 

value 

[kN]  

cov 

[%]  1 2 3 4 5 

0 4DF 11,0 
8,14 11,73 12,91 12,18 14,25 

11,85 19,3 
P P P P P 

0 8DF 15,2 
14,66 11,46 13,56 14,6 12,61 

13,38 10,2 
P+Sp P+Sp P+Sp P+Sp P+Sp 

1 4DF 11,0 
10,46 11,73 13,31 12,14 12,44 

12,02 8,7 
B+P B+P B+P B+P B+P 

2 4DF 11,0 
7,66 11,35 12,69 11,73 10,14 

10,71 18,1 
B+P B+P B+P B+P P 

3 4DF 11,0 
6,8 9,12 8,71 8,41 9,2 

8,45 11,6 
B+P B+P B+P B+P B+P 

5 8DF 15,2 
12,26 10,65 11,92 11,99 12,52 

11,87 6,1 
B B+Sp B+Sp B B 

5 basys 1 21,2 
9,98 13,81 11,49 13,75 12,91 

12,39 13,2 
B+P B B B+P B+P 
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Table A. 3: Tension test with various edge distance and spacing ï group paralel 

to the free edge; threaded rod M8 with sieve sleve; PE Block 

fb = 21,2 N/mm² 

Edge distance c 

[hef] 

Spacing s 

[hef] 

Ultimate load [kN]  Mean 

value 

[kN]  

cov 

[%]  1 2 3 4 5 

0,5 

REF 
7,42 5,84 6,28 6,21 7,02 

6,56 9,8 
B B B B B 

0,75 
8,08 8,38 9,04 10,16 8,61 

8,85 9,1 
B B B B B 

1,5 
13,65 13,56 13,06 13,18 11,83 

13,05 5,6 
B B B B B 

3,0 
12,49 12,69 12,42 14,69 12,18 

12,89 7,9 
B B B B B 

1,0 

REF 
6,51 8,49 8,91 7,33 8,68 

7,98 1,0 
P B B B B 

1,0 
11,79 11,73 11,80 11,25 11,79 

11,67 2,0 
B B B B B 

1,5 
14,82 14,18 14,58 13,98 15,07 

14,53 3,1 
B B B B B 

2,0 
13,18 17,35 16,77 12,96 13,31 

14,71 14,7 
B+P B B B+P B+P 

1,5 

REF 
9,24 9,25 8,96 9,11 9,56 

9,22 2,4 
B+P B B B+P B+P 

0,75 
12,33 12,86 13,72 12,15 12,51 

12,71 4,9 
B B B B B 

1,5 
15,47 16,49 16,47 15,85 14,92 

15,84 4,2 
B B B B B 

2,0 
15,89 18,13 17,54 12,62 16,13 

16,06 13,3 
B B B+P B+P B 

3,0 
19,62 19,38 18,81 18,68 19,56 

19,21 2,3 
B+P B+P B B B+P 

2,0 

REF 
9,69 10,17 10,45 7,66 10,21 

9,63 11,8 
B+P B+P B+P P B+P 

1,0 
13,77 13,83 13,49 15,34 13,85 

14,06 5,2 
B B B B B 

1,5 
17,02 16,69 15,61 17,25 15,62 

16,44 4,7 
B B B B B 

2,0 
17,48 14,83 17,59 18,75 17,91 

17,31 8,5 
B P B B+P B 

3,0 

REF 
8,15 9,39 9,79 10,54 10,32 

9,64 9,8 
B+P B+P B+P B+P B+P 

0,75 
13,37 13,29 14,00 13,20 13,17 

13,41 2,5 
B B B B B 

1,5 
16,91 16,52 17,11 16,92 16,34 

16,76 1,9 
B P B B+P B 

3,0 
15,88 19,79 17,02 19,89 18,95 

18,31 9,7 
B+P B+P B+P B+P B+P 
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Table A. 4: Tension test with various edge distance and spacing ï confined test 

setup; group paralel to the free edge; threaded rod M8 with sieve 

sleve; PE Block fb = 18,1 N/mm; hef = 50 mm 

 
Edge distance 

c [hef] 

Spacing 

s [hef] 

Ultimate load [kN]  Mean 

value [kN] 

cov 

[%]  1 2 3 

S
in

g
le

 a
n

c
h

o
r 

0,5 

0 

12,94 12,37 13,07 
12,79 2,9 

P P P 

1,0 
12,54 14,34 11,39 

12,76 11,7 
P P P 

1,5 
16,37 13,86 14,60 

14,94 8,6 
P P P 

2,0 
15,28 14,61 11,83 

13,90 13,1 
P P P 

3,0 
16,45 13,62 14,14 

14,74 10,2 
P P P 

A
n

c
h

o
r 

g
ro

u
p 

No influence 

0,75 
21,98 22,44 23,95 

22,79 4,5 
P P P 

1,0 
22,77 21,28 19,46 

21,17 7,8 
P P P 

1,5 
23,18 24,49 24,93 

24,20 3,8 
P P P 

2,0 
23,97 22,81 20,82 

22,53 7,1 
P P P 

3,0 
22,97*  21,37*  22,24*  

22,19 3,6 
P P P 

Notes: *One anchor failed 
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Table A. 5: Tension test with various edge distance and spacing ï unconfined test 

setup; group paralel to the free edge; threaded rod M12 without 

sieve sleve; PE Block fb = 18,1 N/mm; hef = 50 mm 

 

Edge 

distance c 

[hef] 

Spacing s 

[hef] 

Ultimate load 

[kN]  

Mean 

value 

[kN]  

cov [%]  

S
in

g
le

 a
n

c
h
o

r 

0,5 

0 

6,99 8,80 7,90 
7,89 11,5 

B B B 

1,0 
10,55 10,38 6,59 

10,17 5,1 
B B B 

1,5 
13,62 12,44 10,50 

12,19 12,9 
B B B 

2,0 
13,84 11,78 12,74 

12,79 8,1 
B B+P B 

3,0 
9,89 10,98 12,87 

11,24 13,4 
B+P B B 

A
n

c
h
o

r 
g

ro
u
p 

No 

influence 

0,75 
17,79 17,05 13,84 

16,23 12,9 
B B B 

1,0 
14,37 14,66 15,44 

14,82 3,7 
B B B 

1,5 
16,94 17,22 16,02 

16,73 3,7 
B B B 

2,0 
18,39 18,89 18,54 

18,61 1,4 
B+P B+P B+P 

3,0 
19,68 19,10 17,65 

18,81 5,6 
B+P B+P B+P 
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Table A. 6: Tension test on single anchor embedded in a masonry unit or masonry 

wall with various brick format and compressive strength class ï 

confined test setup; threaded rod M8 with sieve sleeve; hef = 50 mm 

B
ri
c
k

 

fb 

[N/mm²] 

Base 

Material  

Ultimate load [kN]  Mean 

value [kN] 
cov [%]  

1 2 3 4 5 

N
F

 

21,6 

Unit 11,42 11,81 9,71 9,27 9,04 10,25 5,6 
P P P P P 

Wall 
5,86 496 5,06 5,26 5,26 

5,20 6,6 
P+Sp P+Sp P+Sp P+Sp P+Sp 

Wall (R) 
5,43 4,77 4,91 4,53 - 

5,43 7,7 
P+Sp P+Sp P+Sp P+Sp - 

2
D

F
 

15,0 

Unit 10,70 11,06 10,76 - - 10,85 1,7 
P P P - - 

Wall 
7,57 8,44 7,43 7,55 7,31 

7,66 5,8 
P+Sp P+Sp P+Sp P+Sp P+Sp 

18,1 

Unit 
8,65 9,22 8,42 - - 

8,77 4,7 
P P P - - 

Wall 
7,56 7,59 9,21 10,34 7,62 

8,46 14,9 
P+Sp P+Sp P+Sp P+Sp P+Sp 

25,4 

Unit 
11,08 10,29 11,06 - - 

10,81 4,2 
P P P - - 

Wall 
9,76 8,70 9,35 8,83 8,61 

9,05 5,4 
P+Sp P+Sp P+Sp P+Sp P+Sp 

3
D

F
 

19,1 

Unit 11,73 11,24 9,92 - - 10,96 8,6 
P P P - - 

Wall 
7,75 8,06 7,88 8,17 8,24 

8,02 2,5 
P+Sp P+Sp P+Sp P+Sp P+Sp 

18,1 

Unit 
11,18 10,84 10,50 - - 

10,84 3,1 
P P P - - 

Wall 
8,12 8,86 8,05 8,22 8,49 

8,35 4,0 
P+Sp P+Sp P+Sp P+Sp P+Sp 

25,4 

Unit 
11,22 10,94 10,67 - - 

10,94 2,5 
P P P - - 

Wall 
8,29 12,46 8,84 8,53 9,19 

9,46 18,1 
P+Sp P B+P B+P P+Sp 
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Table A. 7: Tension test on single anchor embedded in a masonry unit or masonry 

wall with various brick format and compressive strength class ï 

unconfined test setup; threaded rod M12 with sieve sleeve; 

hef = 50 mm 

B
ri

c
k

 

fb 

[N/mm²] 

Base 

material 

Ultimate load [kN]  Mean 

value [kN] 
cov [%] 

1 2 3 4 5 

N
F

 

21,6 

Unit 
5,11 4,02 3,36 3,46 4,33 

4,06 17,5 
B+Sp B+Sp B+Sp B+Sp B+Sp 

Wall 
6,22 5,23 5,64 6,09 5,94 

5,82 6,8 
B B B B B 

18,1 

Unit 
4,56 4,97 4,73 5,45 5,40 

5,02 7,9 
B+Sp B+Sp B+Sp B+Sp B+Sp 

Wall 
6,75 6,91 6,82 6,63 6,81 

6,78 1,5 
B B B B B 

25,4 

Unit 
7,83 6,15 6,99 5,18 6,01 

6,43 15,7 
B B+Sp B+Sp B+Sp B+Sp 

Wall 
6,33 7,17 6,82 6,23 7,61 

6,83 8,4 
B B B B B 

2
D

F
 

15,0 

Unit 
8,93 8,21 7,57 8,79 9,57 

8,61 8,8 
B+Sp B+Sp B+Sp B+Sp B+Sp 

Wall 
8,51 10,17 10,08 9,81 8,79 

9,47 8,1 
B+P B B B B 

18,1 

Unit 
7,66 8,49 8,91 7,97 9,01 

8,41 7,0 
B+Sp B+Sp B+Sp B+Sp B+Sp 

Wall 
9,44 9,78 8,96 9,85 8,81 

9,37 5,0 
B B B B B 

25,4 

Unit 
10,26 8,84 10,32 8,61 8,34 

9,27 10,2 
B+Sp B+Sp B+Sp B+Sp B+Sp 

Wall 
11,07 10,02 9,61 9,78 9,86 

10,07 5,8 
B B B B B 

3
D

F
 

20,0 

Unit 
8,20 8,33 8,37 7,74 7,95 

8,12 3,3 
B+Sp B+Sp B+Sp B+Sp B+Sp 

Wall 
8,37 9,28 7,27 9,91 10,28 

9,02 13,5 
B+P B+P B+P B B 

18,1 

Unit 
8,85 8,33 8,44 9,05 9,07 

8,75 4,0 
B+Sp B+Sp B+Sp B+Sp B+Sp 

Wall 
9,32 9,48 9,14 10,12 10,05 

9,62 4,6 
B B B B B 

25,4 

Unit 
11,73 11,35 10,50 9,84 10,79 

10,84 6,8 
B+Sp B+Sp B+Sp B+Sp B+Sp 

Wall 
11,06 10,35 11,96 10,36 11,49 

11,04 6,4 
B B B B B 
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Table A. 8: Tension test on undercut anchors with various embedment depth 

 
hef 

[mm] 
fb [N/mm²] 

Ultimate load [kN]  Mean 

value 

[kN]  

cov 

[%]  1 2 3 4 5 

U
n

d
e
rc

u
t 
a

n
c
h

o
r 

M
1

0 

40 18,1 
10,27 10,93 10,65 10,60 9,30 

10,35 6,1 
B B B B B 

50 18,1 
11,29 13,80 13,29 15,16 16,44 

14,00 13,9 
B B B B B 

60 18,1 
15,51 19,31 17,65 20,04 19,77 

18,46 10,3 
B B B B B 

70 18,1 
18,23 19,66 23,26 22,49 22,54 

21,23 10,2 
B B B B B 

90 18,1 
28,54 31,85 30,04 28,25 28,29 

29,39 5,3 
B B B B B 

100 18,1 
33,47 32,40 32,91 31,87 32,44 

32,61 1,8 
B B B B B 

110 18,1 
38,33 - - - - 

- - 
B - - - - 

U
n

d
e
rc

u
t 
a

n
c
h

o
r 

M
1

6 

70 21,2 
28,26 30,57 - - - 

29,42 5,6 
B B - - - 

110 
18,1 (1) 

21,2 (2;3) 

51,09 47,02 48,39 - - 
48,83 4,2 

P+Sp B B - - 

120 
18,1 (1) 

21,2 (2-4) 

55,61 57,21 50,37 51,43 - 
53,66 6,1 

P+Sp B P+Sp B - 

130 
18,1 (1) 

21,2 (2) 

50,11 63,77 - - - 
56,94 17,0 

P+Sp P+Sp - - - 

140 21,2 
55,13 - - - - 

- - 
P+Sp - - - - 

150 18,1 
56,61 - - - - 

- - 
P+Sp - - - - 

190 
18,1 (1) 

21,2 (2) 

51,34 59,08 - - - 
55,21 9,9 

P+Sp P+Sp - - - 
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B Test Results ï Shear Load 
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Table B. 1: Shear test with various edge distance and spacing ï group paralel 

to the free edge; load direction to the free edge; threaded rod M8 

with sieve sleve; PE Block fb = 21,2 N/mm² 

Edge distance 

c [hef] 

Spacing s 

[hef] 

Ultimate load [kN]  Mean 

value 

[kN]  

cov 

[%]  1 2 3 4 5 

0,5 

REF 
2,05 1,30 2,00 1,84 1,38 

1,72 20,6 
B B B B B 

0,75 
2,48 2,32 2,17 1,70 2,23 

2,18 13,4 
B B B B B 

1,5 
3,36 3,49 2,96 2,82 3,65 

3,26 10,8 
B B B B B 

3,0 
3,40 3,05 3,47 3,97 3,31 

3,44 9,9 
B B B B B 

1,0 

REF 
6,13 3,94 6,38 6,01 5,55 

5,60 17,4 
B B B B B 

1,0 
7,98 5,66 5,63 6,98 5,46 

6,34 17,3 
B B B B B 

1,5 
6,36 7,06 8,49 7,92 6,57 

7,28 12,4 
B B B B B 

2,0 
8,22 8,03 8,43 7,42 6,39 

7,70 10,7 
B B B B B 

1,5 

REF 
7,95 7,73 10,41 8,19 11,04 

9,07 17,0 
B B B B B 

0,75 
10,53 12,50 10,04 12,01 10,17 

11,05 10,2 
B B B B B 

1,5 
13,46 13,46 12,77 13,20 12,35 

13,05 3,7 
B B B B B 

3,0 
16,94 16,22 15,94 16,63 17,10 

16,57 2,9 
B B B B B 

2,0 

REF 
10,78 11,94 11,67 11,60 7,84 

10,77 15,7 
lb lb lb lb lb 

1,0 
16,39 15,33 14,74 17,50 16,93 

16,18 7,0 
B B B B B 

1,5 
15,75 19,72 19,51 20,72 19,59 

19,06 10,1 
B B B B B 

2,0 
18,29 19,84 20,58 20,77 18,09 

19,51 
6,5 
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Table B. 2: Shear test with various edge distance ïsingle anchor, load direction 

to the free edge; threaded rod M12 without sieve sleve; PE Block 

fb = 18,1 N/mm² 

Edge distance 

c [mm] 

Ultimate load [kN]  Mean value 

[kN]  
cov [%] 

1 2 3 4 5 

40 
3,79 4,07 3,53 3,81 3,31 

3,70 7,8 
B B B B B 

50 
5,47 5,73 5,16 5,20 5,65 

5,44 4,7 
B B B B B 

60 
8,06 7,94 7,09 7,56 7,29 

7,59 5,4 
B B B B B 

70 
9,37 9,64 9,02 9,76 9,30 

9,42 3,1 
B B B B B 

90 
12,70 13,03 12,02 12,76 13,78 

12,86 5,0 
B B B B B 

100 
14,07 15,60 14,68 14,88 14,55 

14,76 3,8 
B B B B B 

        

Table B. 3: Shear test on a single anchor embedded in the joint - load direction 

towards the joint; threaded rod M8 with sieve sleeve; 4DF Bbrick; 

fb = 11,1 N/mm² 

Thickness of 

joints [mm]  

Joint 

mortar  

Ultimate load [kN]  Mean 

value 

[kN]  

cov [%] 
1 2 3 4 5 

5; 6; 7; 10; 13 with 
11,51 10,27 9,23 8,22 8,91 

- - 
lb lb lb lb lb 

5 with 
10,36 11,76 12,10 11,97 10,05 

11,24 8,6 
lb lb lb lb lb 

13 with 
9,90 6,76 7,84 8,97 7,80 

8,25 14,6 
lb lb lb lb lb 

<0,5; 0,5; 1,0; 

1,5; 2,0 
without 

12,26 11,49 10,73 11,68 11,59 
- - 

lb lb lb lb lb 

<0,5 without 
12,21 11,05 11,95 11,11 12,19 

11,70 4,9 
lb lb lb lb lb 

2,0 without 
12,54 13,44 12,51 13,01 13,81 

13,06 4,3 
lb lb lb lb lb 

 


