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Abstract

This article presents the solutions of bonded anchors used to strengthen façade textured layers in the walls
of three-layer large slab panel buildings in Poland. Large slab panel building systems that are found in Poland
have been characterized. The use of new bonded anchors is preceded by diagnostics of the walls of three-layer
large slab panel buildings. The author presents two-stage diagnostics: non-destructive methods, measurement of
reinforcement parameters and its condition using a Profometer type device, and destructive methods by performing
an opencast with a drilling rig. A review of previously used bonded anchorages in Poland was carried out. Proposals
for the use of anchor groups in various configurations with different angles of inclination of the diagonal anchors
were also presented in order to achieve the most durable effect possible.
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1 Introduction
The current state of external textured layers in large slab panel buildings raises some reservations about their durability.
There is a high risk of de-bonding façade textured layers in three-layer walls. Therefore, additional reinforcements are
made using bonded anchors. They are indispensable especially because thermo-modernization works are carried out
on large slab panel buildings.

Many flaws and shortcomings of the system cause that the buildings made in this technology require identification
of the current state and modernization [23, 24], above all the basic structural elements, including external walls
[28, 30]. In many studies, attention is paid to the assembly methods used: free assembly (e.g. OWT system) and
forced installation (e.g. W-70 system), which provided better quality [32–34]. Both cases also take into account the
exploitation period of the building, in which the "alterations" related to the change in the function of the rooms,
such as apartments for premises, were made without taking into account the loss of spatial durability of the building
[35]. Large slab panel buildings are exploited not always in accordance with technical requirements [7, 9], which
affects their durability [59]. Damage occurring in large slab panel buildings can be classified into two groups [40, 43].
The first one includes damages, which also occur in traditional construction. These include, for example, damaging
partition walls, roof/flat roofing or installation. The second group is damaged resulting from errors in the technology
of building elements of large panel buildings, such as external and internal walls, ceilings or balconies. A separate
subject is expansion joints. Failure to use them in the structure prevents the free settlement of individual building
segments and causes damage [52].

2 Large slab panel building systems in Poland
In large slab panel buildings in Poland, the division of structures includes two systems: closed and open. The first group
includes the following systems: PBU, „Domino”, „Dabrowa LSM (Lodz)”, „Fadom”, WUF-T, OWT-67, OWT-67/N,
OWT-75, WWP, RzWP, CzWP, NRD Wielka Plyta – system FT/MG (Katowice), RBM-73 (large-block system),
RBM-75 (slab system), large slab panel buildings RBM-75 (OWT-67 agricultural version), „Rataje”, „Winogrady” i
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„Szczecinski”. The whole is complemented objects realized in open systems: W-70 and Wk-70. In closed systems, the
system of „Przedsiębiorstwo Budownictwa Uprzemysłowionego” (PBU) characterized by layered external walls with
insulation in the form of polystyrene in the cross-section of load-bearing walls (version PBU-59) and system PBU-63
with a transverse arrangement of load-bearing walls and external walls of 24 cm thick made of aerated concrete.

System „Domino” it consisted of making external walls of large-block elements. In the "Dabrowa" large slab panel
system in Lodz, 5 and 11-storey blocks were built, while external walls were made of 24 cm thick cellular concrete.
The "Fadom" system was characterized by layered external walls, 29 cm thick, with insulation in the form of mineral
wool.

The WUF-T system in its varieties, WUF-T / 67 and WUF-T/72, was characterized by three-layer walls 25 cm
thick (14 cm - construction layer, 5 cm - insulating layer in the form of polystyrene and 6 cm - external layer). In this
system, as in the "Dabrowa" system, 5 and 11-storey buildings were implemented.

The OWT systems in their variants have been modernized over time. The OWT-67 system was a continuation of
the OWT-1700 and OW-1700K systems. In this system, the thickness of the outer three-layer curtain wall was 16 cm
(construction layer - 6 cm, styrofoam layer - 5 cm and the textured layer - 5 cm), and the top walls were 24 cm thick
(construction layer - 14 cm, styrofoam layer - 5 cm and the textured layer - 5 cm).

With the development of large slab panel buildings, a new OWT-67/N system was created. It was characterized
by an increase in thermal insulation thickness compared to the OWT-67 system. The outer gable walls were 25 cm
thick (construction layer - 14 cm, styrofoam layer - 6 cm and the textured layer - 5 cm), while the curtain walls were
17 cm thick (construction layer - 6 cm, styrofoam layer - 6 cm and the textured layer - 5 cm).

The last OWT system group was the OWT-75 system. In this system, the thickness of the walls was also increased.
The longitudinal walls had a thickness of 19 cm (construction layer - 7 cm, styrofoam layer - 6 cm and a textured layer
- 6 cm) and gable walls with a thickness of 27 cm (structural layer - 15 cm, styrofoam layer - 6 cm and a textured
layer - 6 cm ). In addition, in the inter-window pillar, the outer cladding was 6 cm thick, while the inner liner was 12
cm thick. The thickness of thermal insulation in the cross-joist pillar is respectively: OWT-67 - 5 cm, OWT-75 - 6
cm and OWT-67/N - 7 cm.

In the area of Lower Silesia, the main large slab panel buildings system is the Wrocław Large Slab Panel, whose
basic structure of the walls was the transverse system. The construction gable walls were three-layer large slab panel
elements with a thickness of 21 cm (construction layer - 12 cm, styrofoam layer - 4 cm and façade textured layer, e.g.
relief - 5 cm). On the other hand, the outer curtain walls were produced in two versions: as a three-layer under-window
blocks 16 cm thick, insulated with foamed polystyrene and in a large size version with built three-layer joinery with
insulation in the form of polystyrene with a thickness of 6 cm and a concrete façade layer with a thickness of 5 cm.

In the Rzeszow Large Slab Panel system, external walls were made as three-layer. The thickness of the external
gable walls was 25 cm (construction layer - 15 cm, styrofoam layer - 5 cm and the textured layer - 5 cm), and the
thickness of the longitudinal walls was 17 cm (construction layer - 7 cm, styrofoam layer - 5 cm and the textured layer
- 5 cm). Were similar to regional systems of Czestochowa Large Slab Panel.

The FT/MG system was modeled on the German Large Panel system with three-layer exterior walls 24 cm thick
in the basic version (construction layer - 12 cm, styrofoam layer - 6 cm and façade layer - 6 cm) and 30 cm thick in
the modified version ( construction layer - 12 cm, styrofoam layer - 12 cm and façade layer - 6 cm). The gable walls
were 27 cm thick (construction layer - 15 cm, styrofoam layer - 6 cm and façade layer - 6 cm) and modernized version
33 cm (construction layer - 15 cm, styrofoam layer - 12 cm and façade layer - 6 cm).

A separate group is the systems of Agricultural Housing. The first variant, RBM-73 (the original name), was
made in a large-block system in which the thickness of the gable blocks was 42 cm, and the outer curtain walls in the
form of three-layer walls made of clay-clay and expanded clay. The next varieties were RBM-75 board and large-panel
systems, which were intended for widespread use in agricultural housing. The construction solutions were based on
the Wk-70 system. In both versions, buildings were designed and erected up to three overground storeys. External
wall panels in the panel version were 24 cm thick and were made of aerated concrete variant 07 and consisted of an
inter-window filler and window sill panel and window sill, while in the large panel version they were three-layer boards
and 27 cm thick (construction layer - 15 cm, wool insulation layer) mineral - 6 cm and textured layer - 6 cm). Most
of the elements were produced in forms after the withdrawn OWT-67 production system due to the introduction of
the modernized OWT-75 system.

When reviewing the large slab panel buildings in Poland, one should mention the system that had its roots in
Greater Poland, and more precisely in Poznan. Introduced in 1966, the "Rataje" system assumed the construction
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of 5, 11 and 13-story buildings. In this system, the outer curtain walls were made of 30 cm thick expanded clay
and the top supporting slabs were also made of 42 cm thick expanded clay. Two years later, the construction of
the "Winogrady" housing complex began in Poznan. 5, 13- and 16-story buildings were erected according to a bi-
directional mixed construction system. External wall panels were made as complete with embedded 35 cm thick
joinery made of expanded clay in swing molds. The first time in the country in this system, bottom forming with
ready textured from washed gravel was used.

In the "Szczecinski" system buildings were erected in 5 and 11-storey systems. Outer self-supporting walls were
made of 36 cm thick expanded clay, along with an external textured made on 2.5 cm thick gravel, and an internal
textured made of cement-lime mortar 1.5 cm thick. On the other hand, the external bearing walls were made of 40
cm thick expanded ceramsite with the textured surface as in the case of self-supporting walls.

The open system included practically two W-70 and Wk-70 systems. The W-70 system was characterized by a
transverse structural system with the possibility of placing load-bearing walls mutually perpendicular to each other.
The system was able to be used in public utility buildings for the erection of facilities with similar utility requirements.
Structural elements in the form of external load-bearing walls were made as three-layer with a thickness of 27 cm
(construction layer - 15 cm, mineral wool insulation layer - 6 cm and a texture layer - 6 cm) and 40 cm thick expanded
clay.

The Wk-70 system was an improved version of the W-70 system. It was characterized by external three-layer walls
in the form of gable walls with a thickness of 27 cm (construction layer - 15 cm, insulating layer with polystyrene - 6
cm and a textured layer - 6 cm) and curtain walls with a thickness of 20 cm (construction layer - 8 cm, layer Insulation
made of expanded polystyrene - 6 cm and a textured layer - 6 cm) [11, 39, 42, 54].

2.1 Construction systems of large slab panel buildings in Poland
The construction of the large slab panel building consisted of load-bearing (construction) walls, ceilings, and founda-
tions.

Figure 1. The layout of construction systems of large slab panel buildings [29]

Depending on the direction of the load-bearing walls in relation to the longitudinal axis of the building, four basic
layouts are distinguished:

• longitudinal layout – it is a system characterized by the fact that the load-bearing walls are parallel to the
longitudinal axis of the building, and the ceilings are stretched perpendicular to these axes; in this system, the
spatial rigidity is ensured by longitudinal load-bearing walls (in the longitudinal direction) and transverse walls
limiting staircases (in the transverse direction) and ceilings
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• transverse layout – it is a system characterized in that load-bearing walls are perpendicular to the longitudinal
axis of the building, and ceilings are stretched parallel to this axis; in this system transverse stiffness is provided
by transverse load-bearing walls, stiffening walls located in the longitudinal direction and ceilings

• mixed layout – it is a system characterized by having load-bearing walls both parallel and perpendicular to the
longitudinal axis of the building, ceilings are based on the entire circumference and cross-braced; in this system,
spatial rigidity is ensured by a two-way system of load-bearing walls with ceilings

• cross layout – it is a system characterized by supporting walls located in both directions

Figure 1 shows the layout of construction systems according to which large-panel buildings in Poland was erected.

2.2 Diagnostics of external three-layer walls
Diagnostic tests are carried out in order to assess the condition of components or structures in order to prevent
breakdown or construction disaster. Diagnostics can be carried out with non-destructive detection methods so as not
to damage the concrete structure and be able to locate the reinforcement system in the wall. Diagnostics [17, 44] is
a course of conduct aimed at making a diagnosis. The problems of building structure diagnostics together with the
assessment of the technical condition occur most often during renovations, renovations, extensions, reconstructions,
and modernization of building objects. There are two types of diagnostics [17]: full and periodic. The condition for a
correct assessment of the technical condition of the building walls is to collect as much information as possible. This
applies to both full and periodic diagnostics. One of the first steps during a visual inspection of concrete structures
is the visual assessment of the tested structure [8, 46]. The person conducting the visual examination should also
get acquainted with the technical specification, the construction log, the results of material tests carried out during
the erection of the object and the available results of subsequent structure tests, opinions, and expert opinions. In
non-destructive diagnostic tests of concrete objects, two types of impulse methods are used as a complement to visual
examinations, i.e. an ultrasound method and a hammer method [1, 8, 13, 15–17, 48]. When assessing the technical
condition of the construction of large-panel buildings, it is first necessary to check the protection of the structure
against the effects of exceptional loads, e.g. by hitting a heavy object into a building or an explosion in its premises.
It is important because the constructions of large slab panel buildings, due to the lower degree of “monolithization”,
have a limited ability to redistribute internal forces and the presence of slow-supported elements, and therefore may
be more susceptible to a construction disaster, which occurs as a result of an explosion [51].

Figure 2. Preparation of the Profometer Corrosion for testing.

Diagnostics of external three-layer walls in large-panel buildings results in increased thermal insulation of these
walls. However, this is not related to the change of the load-bearing structure of buildings, but increasing the load
on the insulation layer makes it necessary to apply new anchors [27]. The diagnosis of large slab panel buildings is
necessary and results from the provisions on the maintenance of construction works and their periodic inspections
(Journal of Laws of November 29, 2013, item 1409), as well as changes in the standard requirements. Diagnostics
is an important factor in the aspect of repairing a structure or its element [10, 53]. An important factor in this
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diagnostics is the assessment of the protective properties of concrete/ mortar against reinforcing steel, based on the
tests listed in articles [49, 50]. In the diagnostic tests of three-layer walls elements in reinforced concrete buildings,
reinforcement detectors are used. One of such devices is the Profometer Corrosion (Fig. 2) serving as a reinforcement
corrosion analyzer and additionally having the option of detecting the reinforcement. Figure 2 shows the diagnostics
of reinforced samples, made on the model of three-layer walls of large slab panel buildings.

Typical reinforcement detectors are Profometer PM-600/PM-630 Al/PM-650 Al devices. During the pilot study,
the author of the doctoral dissertation used Profometer Corrosion and Profometer PM-650 for research (Fig. 3).

Figure 3. Preparation of the Profometer PM-650 for testing.

As a result of non-destructive diagnostic tests, information on material discontinuities in objects [44] is obtained.

Non-destructive testing is an alternative to destructive testing, which by using opencast makes it possible to assess
the technical condition of hangers and other reinforcement elements in three-layer walls. Non-invasive diagnostic tests
are the ability to locate reinforcing bars without damaging the wall structure, and then on the basis of localized
reinforcing bars (hangers), you can arrange the space for fixing new bonded anchors. Their task, as already mentioned
in this doctoral dissertation, is taking over the loads from the wall construction and additional external influences in
order to minimize the loads of existing, often heavily corroded hangers.
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Destructive testing involves drilling a well using a drilling rig. The material from the collected sample can be used
after polishing the sample to check the actual compressive strength of concrete (Fig. 4).

Figure 4. Drilling of a well with a drilling rig to determine on the cylindrical sample the compressive strength of
concrete. [ref. own]

In the case of three-layer walls, you can also determine the actual thickness of the wall layers in a given place and
check the cohesion of concrete layers with the inner layer of insulation. An example of checking the consistency of
layers is shown in Figure 5.

Figure 5. View of the hole made "through" using a drilling rig. [ref. own]

This test was performed on a large slab panel building made in the Polish OWT-67/N system.

This object is called an empty apartment and is used to carry out various diagnostic tests. One borehole was made
in the curtain wall and the gable wall. As can be seen in Figure 6, consistency of the external texture layer with the
internal insulation layer has been observed at the hole locations.

Due to the basic factor of durability, the assessment of the protective properties of concrete in relation to reinforcing
steel is a very important factor in the diagnostics of the construction of large slab panel buildings [58]. This manuscript
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Figure 6. View of checking the cohesion of layers in the sample hole. [ref. own]

also presents the possibilities of using modern scanners in diagnostic tests of prefabricated joints, i.e. vertical and
horizontal joints.

In non-destructive testing, flaw detection methods are used to detect material discontinuities, and mainly for
discontinuities in the macrostructure of objects [31]. When assessing diagnostic three-layer external walls, one should
also remember about elements of these walls containing asbestos (window separators) and make a decision as to the
safety of their further operation [41].
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Figure 7. Diagnostic system for building objects [44].

3 Strengthening systems for bonded anchors used in Poland
In order to repair and strengthen the durability of the textured layer, new anchorages are installed in the walls of
three-layer large slab panel buildings. Anchoring systems can be divided into bonded and mechanical. The manuscript
focuses only on anchors bonded due to the many advantages of using this type of fastenings. The main advantage of
bonded anchors, unlike mechanical ones, is that they do not introduce pre-stresses into the concrete base.

Strengthening the external walls of large slab panel buildings, characterized in detail in the industry-standard
BN-79/8812-01 [26], consists in embedding anchors in a hole made in a three-layer wall structure. They are links
between the textured layer and the structural layer [3].

Some types of anchorages are only used for horizontal fixings (Fig. 8). This is the most popular solution used by
most construction companies.

Figure 8. HWB-H bonded anchor Ø 22 x 190 mm for reinforcing external walls in large panel buildings (www.hilti.pl)

The HWB anchor for horizontal fastening is approved for use in all three-layer large panel slab systems such as
W-70; Wk-70; OWT; WUF-T or the Szczecin System. It should be installed in concrete with a class not lower than
B 15 (C 12/15) (www.hilti.pl). HWB bonded anchors have Technical Approval [4].

The COPY-ECO system [5] consists of two anchors: horizontal and diagonal. They reproduce the work of the
hanger, and their design allows installation in walls whose construction layer is only 70 mm thick. The COPY-ECO
solution can be used, among others, in buildings constructed in the systems in W-70 and OWT. The COPY-ECO
large slab panel building wall reinforcement system has ITB Technical Approval AT-15-6916 / 2014. The view of
COPY-ECO anchors for reinforcing balcony slabs as well as curtain and gable walls is shown in Figures 9 and 10.
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Figure 9. View of the reinforcement anchor M20 x 330 mm COPY-ECO used for reinforcing balcony slabs.

Figure 10. View of the COPY-ECO anchor system reinforcing the outer wall plates of large slab panel buildings: a)
horizontal anchor M12 x 190 mm, b) oblique anchor M12 x 330 mm.

A system of reinforcing the outer sandwich walls of large slab panel buildings with K2 anchors (Fig. 11), mounted
in C12/15 concrete, is also used. The K2 anchor has ITB Technical Approval AT-15-8130 / 2009 [6] and is used only
as a horizontal fastening.

Figure 11. View of the K2 anchor for strengthening three-layer walls (www.inwestbud.com.pl).
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Figure 12 presents the idea of using horizontal and diagonal anchors. The combination of both anchors creates
the COPY-ECO system. The task of the diagonal tendon is to transfer tensile loads to the structural layer, derived
from the own weight of the textured layer. On the other hand, the horizontal tendon can transfer the tensile loads
that would occur if the textured layer detached [3, 27].

Figure 12. Wiring diagram with steel ties: a) solutions for staircase walls, b) solutions for gable wall panels.

Figure 13. Distribution diagram of COPY-ECO anchors.

Another system that can be used to reinforce three-layer walls in large slab panel buildings is the CHEM-SET
system from Trutek (Fig. 14). The system includes: TCS threaded rod with two diameters M20 and M24 with a
nut and washer made of steel grade A2 or A4, steel mesh sleeve and system resin selected depending on the drilling
technique. The system has technical approval AT/2007-03-2292/1 [25].
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Figure 14. View of TCM Trutek bonded anchor (www.trutek.com.pl).

The Fischer FTR M12 x 160 mm bonded anchor (Fig. 15) has the ITB Technical Approval AT-15-8273 / 2010
[14].

Figure 15. View of Fischer FTR M12 x 160 bonded anchor (www.fischerpolska.pl).

An interesting anchoring system is an anchor shown in Figure 15. Due to its conical shape, it allows to achieve
high pull-off capacity, i.e. it is used in cracked concrete. The anchoring system has a DoP performance declaration:
0130 for Fischer Highbond-Anchor FHB II (Bonded anchor for use in concrete) - EN [19].

Figure 16. View of the Fischer Highbond FHB II-A L injection bolt (www.fischerpolska.pl).

In the case of the Fischer injection anchor, there are two possibilities for its application in concrete - both with
ampoules and with injection mortar. If the FHB II-A L anchor rod is used together with the FHB II-P/-PF ampoule,
there is no need to clean the drilled hole, which significantly reduces the installation time of the anchor. Installation
of anchorages and tests should be carried out on the basis of Polish and European Guidelines [20–22, 36–38, 45, 55].

4 Proposed variants of bonded anchorages

4.1 Perpendicular and oblique anchorages in two-anchor systems
Anchorages in double-bolt systems are modeled on probably the most popular anchor system in Poland, i.e. the
COPY-ECO system (Fig. 17c).

Figure 17. Propositions of a two-anchor system similar to the COPY-ECO system.
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It is a set of two anchors: horizontal and oblique, imitating the hanger existing in the walls of three-layer of large
slab panel buildings. The anchor groups shown in Figures 17a and 17b are variants proposed by the author. These
anchor systems with an increased angle of inclination of the oblique anchor in relation to the surface of the façade
layer of the textured layer can be used for a relatively small thickness of the inner structural layer.

Alternative methods for anchoring three-layer walls is the manuscript author’s proposal in Figure 18. It is a mirror
image of diagonal anchors in two-anchor systems.

Figure 18. Alternative to two-anchor systems, inverted systems.

4.2 Perpendicular and oblique anchorages in three-anchor systems
This group of anchorages is a mirror image of the COPY-ECO system, i.e. a system of one anchor perpendicular to
the façade surface of the textured layer and two diagonal anchors (Fig. 19.).

Figure 19. Proposals for the three-anchor systems.

The other two schemes are derived from anchor groups but with a different anchor angle. And the last group of
anchorages, as in Figure 18 for two-anchor systems, is the reversal of the anchor angles of diagonal anchors.

Multivariate façade strengthening systems of the textured layer in three-layer walls of large slab panel buildings is
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Figure 20. Alternative to three-anchor systems, inverted systems.

checked by the author in terms of the durability of the anchoring, the anchoring system, both way practical [56] and
theoretical and numerical [18, 57].

5 Discussion
The most interesting aspect of this chapter is to show the effect of using diagonal anchors, which obviously lengthen
the durability of bonded joints due to the possibility of using them in slabs of relatively small thickness with a
greater effective anchorage depth than would be the case when using only bonded horizontal anchors. These tests
give an overview of the possibilities of the anchor group systems proposed by the author, depending on the needs
and applicability. In other papers [2, 47], mainly single adhesive anchors were considered and tested. Groups of
anchors were tested only as anchors bonded perpendicularly to the surface of concrete elements [12] without including
diagonal anchors. The chapter is a review of anchoring methods as well as proposals and possibilities of using a group
of anchors in configurations proposed by the author. The advantage of diagonal anchors is the nature of their work,
i.e. the load-bearing capacity. The restrictions apply to the number of anchors used per one three-layer wall slab and
the need to assess the technical condition of the textured layer so as not to cause new holes for additional cracks in
the structure of the textured layer. Future tests will focus, among others, on the numerical evaluation of concrete
fracture mechanics and forecasting of cracking and stress formation in concrete elements.

6 Conclusions
The issue of durability of fastening the facade texture layer in the walls of three-layer large slab panel buildings is
still a topical issue. The problem of large slab panel housing development concerns not only Poland. Oblique anchors
have the advantage of carrying tensile loads and working as anchors after pull-out.

An important factor is also the possibility of increasing the anchorage depth for diagonal anchors in relatively thin
sandwich partitions. The change of the anchoring system (reversal of the anchor angles for diagonal anchors) makes
it possible to adapt to the character of the connection reinforcement and the actual effect of achieving the intended
durability of connections of external textured layers. The best solution is to use stainless steel anchors because their
parameters provide much longer durability of the connection than the parameters of anchors with ordinary carbon
steel.

–33–



Inżynieria Bezpieczeństwa Obiektów Antropogenicznych 3 (2021) 21-36

References
1. A. Piekarczyk Ł. Drobiec, R. J. Detection of defects in reinforced concrete internal constructions. Inżynier

Budownictwa 4, 48–52 (2010).
2. Agheshlui, H., Yao, H., Goldsworthy, H., Gad, E. & Fernando, S. Anchored Blind Bolted Connections within

SHS Concrete Filled Columns: Group performance, Novotel Barossa Valley Resort in. Australian Earthquake
Engineering Society Conference (South Australia, 2011).

3. AT-15-6173/2015 Bonded anchors HWB-H for reinforcing concrete sandwich walls. ITB Technical Approval
2015.

4. AT-15-6916/2014 Bonded anchors COPY-ECO to reinforce concrete layered wall. ITB Technical Approval 2014.
5. [AT-15-8130/2009 Steel bonded connectors K2/2008 for reinforcing prefabricated sandwich walls of large slab

panel buildings. ITB Technical Approval 2009.
6. AT/2007-03-2292/1 Sticked anchorages TCM and TSC / THC included in the CHEM - SET system. IBDiM

Technical Approval 2007.
7. Baryłka, A. Legal framework changing the way use of structures. Inżynieria Bezpieczeństwa Obiektów Antro-

pogenicznych 1, 38–44 (2016).
8. Baryłka, A. Periodic inspections of building objects in the process of their exploitation. Centrum Rzeczoznawstwa

Budowlanego, Warsaw (2016).
9. Baryłka, A. & Baryłka, J. Exploitation of building objects. A Guide for property managers and owners (Centrum

Rzeczoznawstwa Budowlanego, 2016).
10. Bieranowski, P. & Baryłka, A. Non-dimensional method of capacity limit states for the assessment of the safety

level in the structures of large panel buildings. Inżynieria Bezpieczeństwa Obiektów Antropogenicznych 1, 42–47
(2021).

11. Bilinski, T. & Gaczek, W. Systems industrialized general construction (PWN, Warsaw, 1982).
12. Bokor, B., Sharma, A. & Hofmann, J. On the limitations of the current design provisions of prEN 1992-4 for

design of anchor groups subjected to tension loads in. 3rd International Symposium on Connections between
Steel and Concrete (Stuttgart, Germany, 2017).

13. Brunarski, L. & Runkiewicz, L. Building objects diagnostics in. 56. Scientific Conference of the Committee for
Civil Engineering of the Polish Academy of Sciences and the Science Committee of the Polish Association of
Civil Engineers PZITB, Kielce - Krynica 19-24.09.2010 (2010), 73–84.

14. Declaration of Performance DoP 0130 for Fischer Highbond-Anchor FHB II (Bonded anchor for use in concrete)
– EN

15. Drobiec, L., Jasiński, R. & Piekarczyk, A. Methods of locating concrete structure defects - hammer method (part
II). Przegląd budowlany 10, 37–42 (2007).

16. Drobiec, L., Jasiński, R. & Piekarczyk, A. Methods of locating concrete structure defects - ultrasonic method
(part I). Przegląd budowlany 9, 29–36 (2007).

17. Drobiec, L., Jasiński, R. & Piekwrczyk, A. Diagnostics of reinforced concrete structures. Methodology, field
studies, laboratory studies of concrete and steel, volume 1 (PWN Scientific Publishers, 2010).

18. Eligehausen, R. & Appl, J. Behavior and design of fastenings with bonded anchors: numerical analysis and
experimental verification (Institute for Construction Materials, University of Stuttgart, Stuttgart, Germany,
2006).

19. EOTA TR 023 Assessment of post-installed rebar connections 2006.
20. EOTA TR 029 Design of bonded anchors 2010.
21. ETA-04/0092 MKT Injektionssystem VMZ. Deutsches Institut fur Bautechnik, vom 13. April 2017 2017.
22. ETAG No. 001 Metal anchors for use in concrete. Design methods for anchorages
23. Gronostajska, B. Slabs housing estates in 21st century - problems and prospects. Architecturae et Artibus 2,

19–26 (8 2010).
24. Grygo, R., Łapko, A. & Bulkowski, W. Utypica damage of precast RC holow core slab in. Scientific and Technical

Conference Awarie Budowlane (2015), 593–600.
25. ITB AT-15-8273/2010 Adhesive connectors Fischer FIS P/UPAT UPM 11. ITB Technical Approval 2010.
26. ITB Instruction No. 360/99, Testing and evaluation of concrete sandwich panels in residential buildings (Warsaw,

1999).
27. ITB Instruction No. 374/2002 Methodology for assessing the technical condition of large slab panel outer walls

layer. Additional connections of the textured layer with the structural layer of large slab panel external walls
28. Kiernozycki, W. Expansion joints in reinforced concrete structures. Przegląd Budowlany 12, 33–34 (2006).
29. Lenkiewicz, W. Repairs and modernization of building objects (Warsaw University of Technology, 1998).

–34–



Inżynieria Bezpieczeństwa Obiektów Antropogenicznych 3 (2021) 21-36

30. Lewicki, B. Scratches in the walls and ceilings of large-panel buildings. Prace Instytutu Techniki Budowlanej 2-3,
5–24 (114-115 2000).

31. Lewińska Romicka, A.Non-destructive testing. Fundamentals of defectoscopy (Wydawnictwo Naukowo-Techniczne,
Warsaw, 2001).

32. Ligeza, W. Issues connected with the safety of three-layer wall panels used in precast concrete buildings. Przegląd
Budowlany 9, 26–33 (2014).

33. Ligeza, W. Technical issues synthesis related to the revitalization of the great panel buildings. Przegląd Budowlany
6, 60–66 (2015).

34. Ligeza, W. & Kołaczkowski, M. The impact of curtain walls on the safety of large slab panel buildings. Izolacje
6, 70–75 (2013).

35. Lodzinski, P. Modernization problem of prefabricated residential buildings on the example of housing development
Hellersdorf in Berlin. Architecturae et Artibus 2, 39–43 (2009).

36. Model Code 2010, First complete draft – Volume 1. FIB Bulletin 55
37. Model Code 2012, Final draft – Volume 1. FIB Bulletin 65
38. Model Code for Concrete Structures. CEB Bulletin d’Information No 195 and 196, First Draft, March 1990
39. Ostanska, A. Technical condition and energy analysis as basic aspects of the revitalization of estates of prefab-

ricated concrete building. Przegląd Budowlany 9, 40–47 (2009).
40. Ostanska, A. Analysis of cyclic opinion surveys regarding the prefabricated buildings, involving the inhabitants.

Przegląd Budowlany 2, 42–47 (2015).
41. Owczrek, M. & Baryłka, A. Determining the thermal diffusivity of the material based on the measurement of

the temperature profile in the wall, Structures of large slab panel buildings. Design and static and strength
calculations. Rynek Energii 4, 76–79 (143 2019).

42. Piliszek, E. Systems of housing and general construction (Arkady, Warsaw, 1974).
43. Piotrowski, Z. J. & Zaborek, R. The program of renovation work on the example of the system building con-

struction W-70. Budownictwo i Architektura 13, 41–48 (3 2014).
44. PN-B-01807:1988 Anticorrosive protection in construction. Concrete and reinforced concrete constructions. Prin-

ciples of construction diagnostics. 1988.
45. PN-EN 1992-1-1 2008. Eurocode 2: Designing concrete structures. Part 1-1: General rules and rules for buildings

1992.
46. Podhorecki, A. Issues concerning the revitalization of large-panel buildings in. National Conference Technical and

legal problems in the maintenance of buildings, GUNB, Warsaw (2012).
47. Rao, G. & Sundeep, B. Strength of Bonded Anchors in Concrete in Direct Tension, (Departemen of Civil Engi-

neering Indian Institute of Technology Madras, India, 2013).
48. Runkiewicz, L. Structural diagnostics of building objects. Przegląd budowlany 3, 16–18 (2006).
49. Runkiewicz, L. et al. Diagnostics and modernization of large slab panel buildings. (part 1). Przegląd budowlany,

54–60 (2014).
50. Runkiewicz, L. et al. Diagnostics and modernization of large slab panel buildings. (part 2). Przegląd budowlany

9, 20–26 (2014).
51. Slusarczyk, J. & Wójcicki, A. The effects of a gas explosion in large-panel precast reinforced concrete building

in. XXV Scientific Technical Conference Awarie budowlane, Międzyzdroje 24-27 May 2011 (2011).
52. Sobczak-Piąstka, J. & Podhorecki, A. Technical diagnostics of a large slab panel building. Izolacje 11-12, 22–26

(2013).
53. Sobczak-Piąstka, J. & Podhorecki, A. Problems of diagnosing technical condition and modernization of buildings

from a large slab. Inżynier Budownictwa 2, 78–86 (2014).
54. Starosolski, W. & Dzierżewicz, Z. Large slab panel building systems in the years 1970-1985 (Oficyna a Wolters

Kluwer business, 2010).
55. Szlendak, J., Jabłonska Krysiewicz, A. & Tomaszewicz, D. Assessment of the load capacity of the anchorage

system connecting the textured layer with the structural wall of large slab buildings in the lights of experimental
research and FEM analysis in. 3rd Scientific Conference Environmental Challenges in Civil Engineering (ECCE
2018). MATEC Web of Conferences 174, Article Number 03016, Section Design of Buildings, Including Recon-
struction and Renovation of Antique Buildings (Opole, 2018), 697–707.

56. Szlendak, J., Jabłońska Krysiewicz, A. & Tomaszewicz, D. Analytical modelling of a three-layer wall system
of strengthening for large-panel slab buildings by means of bonded anchors in. 3rd Scientific Conference Envi-
ronmental Challenges in Civil Engineering (ECCE 2018). MATEC Web of Conferences 174, Article Number
04012, Section Hydrotechnical, Communal, Transportation and Geotechnical, BIM in Civil Engineering, Legal
and Organizational Issues of Preparation and Implementation of Construction Projects (Opole, 2018), 859–868.

–35–



Inżynieria Bezpieczeństwa Obiektów Antropogenicznych 3 (2021) 21-36

57. Szlendak, J., Jabłońska Krysiewicz, A. & Tomaszewicz, D. Comparative analysis of oblique bonded anchors with
point anchors fixed in the concrete structural layer of buildings of a large slab in. 3rd World Multidisciplinary
Civil Engineering - Architecture - Urban Planning Symposium: WMCAUS (Prague, Czech Republic, 2018).

58. Szulc, J. Diagnostic procedures in large-panel buildings. Materiały Budowlane 8, 29–31 (2017).
59. Tomaszewicz, D. & Obolewicz, J. Identification of the technical condition and forecasting a safe durability the

construction of buildings of large slab. Modern Engineering 1, 103–115 (2016).

–36–


