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Summary

This publication analyzes three-layer external walls of large-panel buildings with the following layer arrangement: 6 cm thick gravel concrete
layer on the exterior, 6 cm thick mineral wool layer in the middle, and 15 cm thick structural layer on the interior side, made of gravel concrete or
lightweight concrete (e.g., expanded clay concrete), reinforced with two steel meshes. A dedicated test rig and tests of three-layer elements were
constructed, and based on these tests, physical models of three-layer walls were adopted, necessary for the analysis of secondary layer connections.
The obtained results and analysis of sample destruction were used to conduct control computational verification and determine decision criteria
for fixing selection. A multi-criteria optimization problem was solved, taking into account the anchor deflections & and its diameter (in the range of
12-50 mm). These criteria were described by objective functions. Constraints were introduced for the problem, including the strength condition F
<A, oRdmax 2 F ¢ and the stiffness condition assuming § _ <8, =3 mm. The parameters in the problem are the results of the diagnostics: the
measured range of compressive strength, the thickness of the texture layer, and the insulation layer. Finally, ranges of acceptable and unacceptable
solutions were determined - representing the potential risk of unknowingly exceeding the concrete’s load-bearing capacity, while meeting the other
conditions.

Keywords: Multilayer external walls; large-panel buildings; secondary connections

Introduction

design thickness of 6 cm,
The analysis covered three-layer external walls of large-panel

buildings with the following layer configuration: e  Ontheroomside, a structural layer 15 cm thick, made of gravel

concrete or lightweight concrete (e.g., expanded clay concrete),

on the exterior, a layer of gravel concrete (so-called textured) reinforced with two steel meshes

with a design thickness of 6 cm, reinforced with mesh made of

6-8 mm diameter bars, most often with a factory-made finish
(glass mosaic, white gravel, etc.),

e In the middle, a layer of mineral wool (often damp) with a

The outer, textured layer is attached to the structural layer
with anchors - connectors made of ordinary or stainless steel, 8-10
mm in diameter - as well as stainless steel pins of 3 or 4.5 mm in
diameter.

@ @ This work is licensed under Creative Commons Attribution 4.0 License | CTCSE.MS.ID.000790. Page 1 of 14


http://dx.doi.org/10.33552/CTCSE.2026.12.000790
https://irispublishers.com/ctcse/

Current Trends in Civil & Structural Engineering Volume 12-Issue 4

Expert assessments of existing buildings have revealed
numerous irregularities that occurred during the production of
elements and their operation over several decades. Numerous
deviations from system assumptions were identified, including
both the type of steel used for anchors (often ordinary steel was
used instead of declared stainless steel; the number of hangers
was also reduced) and changes to the thickness of individual layers
(often due to technological errors).

Considering these aspects, as well as planned additional
insulation layers associated with necessary thermal modernization
processes for these buildings, it becomes essential to provide
additional - secondary anchoring of the old textured layer to the
load-bearing structural layer [1-3].

According to technical approvals from anchor manufacturers
[4-6], testing of the connection should begin with verification of
the geometry and dimensions of the connectors under analysis,
followed by verification of the characteristic load capacity of
the connection between the textured and structural layers
using anchors (in this case, chemical). The connectors should be
embedded in a physical model of the load-bearing layer made
of concrete class C12/15 according to standard [7], and force
measurements should be made using equipment with a range
corresponding to the expected destructive force, allowing for
continuous and gradual force increase until failure. Interesting
examples of connector tests for secondary anchoring are described
in publications [8-12]. Examples of secondary connections in two-
anchor and three-anchor systems (horizontal anchoring and two
oblique anchors at 30°- 60° relative to the element surface) are
presented in publication [8]. The tested element was a sandwich
wall in the OWT-67/N system, for which the original connectors and
their function are described in detail. In [9], the authors conducted
tests on vertical panels used as structural walls with connecting
pins (non-shear connectors), and in [10] tests were performed
on proprietary connectors made of glass fiber reinforced polymer

(GFRP). Report [11] presents tests on the deformability and elastic
range of connectors under exceptional loads (explosion) - various
shapes and materials were tested.

The aim of the research described in this publication is not only
to calculate the load capacity of connectors, but also to model them
(physically and numerically) to verify design values and identify
weaknesses in the selection of secondary wall layer anchoring
based on chemical anchor

Individual Experimental Setup
Construction of the Experimental Stand

Based on literature review and technical and measurement
capabilities, proprietary physical models (matrices) of three-
layer concrete walls were proposed for testing repair systems for
secondary anchoring using bonded chemical anchors.

The test stand is based on a symmetric setup, with the direction
of loads consistent with reality (self-weight acts “downwards”).
Two matrix configurations for testing were prepared Figure 1.
Ultimately, configuration 1 was chosen, considering the possibility
of lateral connection of the left and right matrices via anchoring
the load-bearing layers (using a flat bar and mechanical anchors to
the concrete), without affecting test results. The matrix dimensions
were limited to 60 x50 x 27 cm (width x height x thickness), enabling
relatively easy handling of samples and avoiding geometric effects
of edge distance on the characteristic connector capacity (A[,N /A,f.’,N)
- per standard [13].

Force measurement was performed using the internal software
of the Instron SATEC testing machine, and displacement was
recorded using actuators and Catman software. This avoided
inaccuracies related to the piston position, frame compliance, and
load transfer. Figure 2 shows the concrete matrices and the load
transfer frame at the prepared measuring station.

! Approvals are now mostly withdrawn and replaced by ETA.
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Figure 1: Experimental stand and physical models of three-layer walls for secondary joint analysis (designed frame for direct load transfer
visible).

Figure 2: Concrete matrices: a) installation of bonded anchors, b) load transfer frame after leveling.

- J

Material Variants of Concrete and Anchors e single threaded rod,

To determine the impact of material properties on the load ¢  double threaded rod

capacity of secondary anchoring, the following variants were tested

-  Testing of four variants of the facing layer concrete:
(Table 1):

e normal-weight concrete, class = C12/15 (approx. C16/20)
-  Testing three types of (bonded) anchors:

e normal-weight concrete, reduced strength, class < C12/15

e threadedrod, (approx. C12/15)

* Kzanchor, e lightweight expanded clay aggregate concrete, class~LC 16/18

*  two Copy-Eco anchors; e lightweight expanded clay aggregate concrete, reduced

- Testing of two anchor configuration variants: strength, class » LC12/13

Citation: Krzysztof Girus, J6zef Jasiczak* and Marcin Kanoniczak. Investigation and Modeling of Secondary Connections in Multilayer
External Walls of Large-Panel Buildings. Cur Trends Civil & Struct Eng. 12(4): 2026. CTCSE.MS.ID.000790.
DOI: 10.33552/CTCSE.2026.12.000790.

Page 3 of 14


ahttp://dx.doi.org/10.33552/CTCSE.2026.12.000790

Current Trends in Civil & Structural Engineering Volume 12-Issue 4

Table 1: Variants of tested concrete matrices and anchoring systems.

No. DESCRIPTION Normal-weight concrete C16/20 cﬁg?rt:l‘gf;g/l;ts Li%';ﬁ“c’:iﬂ‘i‘(‘:ﬁr/efgte L‘%‘;;“c’sﬁi‘ﬁ%r/ef;te
1 Single threaded rod 1 pair 1 pair 1 pair 1 pair
2 Double threaded rod 1 pair 1 pair 1 pair 1 pair
3 Anchor K2 1 pair 1 pair 1 pair 1 pair
4 Copy-Eco anchors 1 pair 1 pair 1 pair 1 pair

To determine the concrete class from the prepared mixes, three
cubic samples were taken for strength testing after 28 days. After
determining the compressive strength of the cubic samples, the

following was established:

- forthe planned class C12/15:  f_ =14,3; f_ =21,6 [N/mm?]
- forthe planned class C16/20:  f_ =16,1; f  =25,8 [N/mm?]
- forthe planned class LC12/13: f_ =10,1; f_ =18,1 [N/mm?|
- forthe planned class LC16/18: f_=22,3; f =24,8 [N/mm?|

Both standard criteria for the assumed concrete classes were
thus met. The measured average values of concrete density were:

- Normal-weight concrete C12/15 and C16/20:
m3

2332 kg/

- Lightweight aggregate concrete LC12/13 and LC16/18: 1375
kg/m?

A significant “weakening” from the perspective of studying
the impact of material properties on the parameters of secondary
anchoring is the cracking of the textured concrete layer (some
manufacturers allow the use of bonded anchors in cracked

concrete). It was decided not to prepare separate cracked matrices,
but to take advantage of the occurrence of cracks during loading,
and the possibility to observe the behavior of the sample (the
ability to transfer loads and the progress of displacement between
layers) both before and after cracking.

Measurement Results

In accordance with the adopted testing procedure, each pair of
concrete matrices was successively loaded and their displacements
were measured. During the gradual loading of the samples,
observations were made and significant material behaviours were
recorded: the technical condition of the concrete was verified,
including any cracking, spalling or deformations. During the study,
the load was measured for selected values of displacement of the
textured layer relative to the load-bearing one: 3, 5 and 10 mm.
The maximum load carried by the secondary connection was also
indicated - measured at the moment of failure of the connection or
a sudden change in load (e.g. when a fragment of the matrix rested
against another element of the test rig). The table below (Table 2)
presents the direct measurement values for the pairs of concrete
matrices.

Table 2: Direct results of load and displacement measurements for the tested pairs of concrete matrices.

No. Sample label Maximum Di_splacement at Shear load at disp. .Shear load at Shear load at disp.
shear load [kN] | maximum load [mm] 3 mm [kN] disp. 5 mm [kN] 10 mm [kN]
1| cxpanded chy concrere1Cige | 3663 1622 183 2416 31.29
2| cpanded iy coneretercizs | 1728 565 1222 1688 nd
3| akweght concrets (16,20 7343 17.92 36 1014 56.56
* | malweight concrete C12/15 5433 18 3189 3893 4951
5 Anchor Kci,er:;rgegl}vz\lgight con- 5176 378 4554 . ",
6 Anchor Kczr'eltlgrénf;l}vf;ight con- 33.11 121 30,02 . ",
7 CopynEcc%ircl::tZ?cnlog;nzég-weight 5581 2533 29.69 39.79 4891
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Combined load-displacement graphs for each pair of matrices
are provided below Figure 3. The data are illustrated for concretes

of class LC16/18 and C16/20.

load [54]

"
[=]
i

i} 15 o

displacement [mm)]

Figure 3: Load-displacement graph for the tested pairs of matrices, different types of connections and concrete LC16/18 and C16/20. Com-
bined graph omitting erroneous readings, showing the maximum value for each measurement.

3 mm threaded rod, ightweight aggregste, BACK
20 mm threaded rod, ightweight aggregste conoete, FRONT

2= 20 mm threaded rogs, nommal-wesght concrete, BACK

K2 anchor, nomel-weight concrete, BACK
K2 anchos, normat-wedght concrete, FRONT
COF-ECO 12 mm, nosmal-waight concrate, BACK

COPY-ECO 12 mm, nomal-wsght concrite, FRONT
=

Table 3 summarises the corrected results for a single matrix
and a single connection, taking into account the self-weight of
the textured layer and the load-transfer frame. The load from the
thermal insulation layer of the sample, which is only partially
transferred by the textured layer, was omitted from the recorded
loads. During the measurements, any cracks that appeared
(indicating a change in the working conditions of the sample under
test) were recorded. A series of photographs and video recordings
were taken, the axes of symmetry of the set-up were checked and
deviations and deformations were measured. Below are some of
the photographs which, together with commentary, supplement the
above results (Figure 4).

Table 3 summarises the corrected results for a single matrix
and a single connection, taking into account the self-weight of
the textured layer and the load-transfer frame. The load from the
thermal insulation layer of the sample, which is only partially
transferred by the textured layer, was omitted from the recorded
loads. During the measurements, any cracks that appeared
(indicating a change in the working conditions of the sample under
test) were recorded. A series of photographs and video recordings
were taken, the axes of symmetry of the set-up were checked and
deviations and deformations were measured. Below are some of
the photographs which, together with commentary, supplement the
above results (Figure 4)

~
Figure 4a: Prior to the commencement of testing and continuously during the test, the symmetry and alignment of the pair of moulds were
verified using a laser measurement system. The verification was carried out both in the plane parallel to the facing layer and in the plane per-
pendicular to it (i.e. in the transverse section of the moulds).
Displacements were measured using displacement sensors installed beneath a steel plate fixed to the underside of both facing layers (“front”
and “rear” with respect to the observer).

J
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Figure 4b: During the study, the moment of crack formation was recorded and the further course of loading was monitored. The initial crack,
less than 0.1 mm, ultimately led to the buckling of the element and bending of the connectors.

N J
( )

Nt
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-

Figure 4d: All cracks in the element passed through the location of the connector, i.e., through the area of stress concentration and changes
in their trajectory. The crack has been graphically redrawn.

Figure 4e: Some cracks are only associated with the anchoring point and terminate before reaching the side edge of the element. The crack
has been graphically redrawn. In most cases, the load tests ended with surface or structural damage to the concrete as a result of exceeding
the bearing capacity in compression.

N J
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Figure 4f: Distinct spalling and detachment occurred at the bearing point — this was most clearly visible in the samples made of lightweight
aggregate concrete.

Figure 4: Photographs illustrating the course of the study and the resulting damage to the textured layer: (a—f).

Calculation Verification of Obtaineg Results upper arm,

Due to the differing work scheme and distribution of forces of 2. Verification of the load-bearing capacity of the compressed
secondary fixings, compared to the original hangers, the calculation arm, taking buckling into account,
approach also varies (Figure 5). The hangers were to be calculated 3

Verification of the load-bearing capacity under complex stress
in accordance with [14]:

conditions,

1. Verification of the load-bearing capacity for tension in the 4. Verification of the anchorage calculation for the hanger.

- a

\ [

'F: i *" F=Fcosa

'\ ] strel hanger (9010 me
/~ cniraniien mavelar = vl Fi=Fsina
s perled b bahling
3 [mirwrecall corsnection i the F
/ Taxcirgg lrper]
15 6.6, o
Figure 5: Diagram of hanger operation.
\ J
In the case of secondary connectors (most often in the form of pull-out), splitting, chipping due to shear force;

dowels mounted perpendicularly - see Figure 6), the calculation
verification of the connection should cover the failure mechanisms
as specified in [13, 15], listed below: Additionally, due to the arrangement of layers in the three-layer
wall and, consequently, the specific “suspension” of the textured
layer and its entire weight on the connector, it is necessary to verify
the bearing capacity for compression of the concrete in the textured
2. Concrete failure: cone pull-out (including combined connector layer (above the connector).

3. Control of connector deflection (determining admissible §).

1. Verification of connector capacity: shearing under eccentricity
and possibly tension;
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Figure 6: Diagram of secondary fixing operation.
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Figure 7: Diagram of connector deflection.
- J

Wind loads are often disregarded, as tensile load in horizontal
connectors is never the deciding factor for not meeting the ultimate d? y
limit state. Similarly, calculation examples for various types of El—-=-M (x) =P-x
anchors and load values indicate that the condition related to dx (1)

concrete failure under shear is also not decisive. Thus, the key
criteria for verifying the secondary connection are: connector
capacity for shear with eccentricity, the connector deflection
criterion, and concrete bearing capacity under compression. In

After transformation (using Clebsch’s method, integration), the
simplest form of the equation for deflection at any pointis obtained:

the case of a two-anchor system (with an oblique anchor), the Px?
above conditions are identical, except that wind load must also y(x) = (31 —X)
be considered due to the direction of the resultant force. To verify 6ET (2)

the laboratory measurements obtained (on matrices), calculations
may be limited to the deflection criterion and the concrete bearing
capacity under compression.

and the maximum deflection at the end of the beam 6§ __ (3). In
turn, the equation with respect to El is:

The deflection of the steel pin can be checked by calculation, N
using the basic formula derived from the differential equation for — Pl
the deflection line of a cantilever beam (see Figure 7): mxe 3Fr 3)

2 This is an additional verification with respect to standard [13].
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insulation layer + 0.5 thickness of the textured layer),

3
EI = Pl §,.. — maximum deflection at the end of the beam
35"1“ 4) Sample calculation results for deflection of the tested pins

under the assumed force, along with a comparison to the measured

values, are shown in Table 4. Due to the location of the displacement

E - Young’'s modulus (e.g. for steel 316L (1.4404) = 200 [GPa], sensors outside the plane of the slab, formula (2) was used: x =1+
7Z'd4 0.03 + 0.03 [m] was assumed.

I=1I = ” (d — pin diameter),

where:

In Figure 8, it can be seen that significant discrepancies in the
analytical method concern mainly displacement values above 3
P -loading from layers acting on the pin mm, and most notably above 5 mm, that is, at the moment when the

L - cantilever length of the pin = h  + 0.5 h , (thickness of the first damage to the concrete itself occurs.

Table 3: Results of load and displacement measurements for a single matrix and single connection (including the self-weight of the textured layer

and test set-up).

No Sample label Maximum shear | Displacement at Shear load at dis- Shear load at displacement Sll; ecael;:z:l f ; ::fn
’ P load [kN] max. load [mm] | placement 3 mm [kN] 5 mm [kN] p [KN]
Threaded rod,
1 lightweight aggregate 18.76 16.22 9.6 12.53 16.09
concrete LC16/18
Threaded rod,
2 lightweight aggregate 9.07 5.65 6.56 8.89 n.d.
concrete LC12/13
Double threaded 37.33 18.62 20.69 299
3 rod, normal-weight 17.92
concrete C16/20 * (18.67) (9.31) (10.34) (14.95)
Double threaded 27.78 16.56 20.08 25.37
4 rod, normal-weight 11.8
concrete C12/15 * (13.89) (8.28) (10.04) (12.69)
Anchor K2 24, nor-
5 mal- weight concrete 26.5 3.78 23.39 n.d. n.d.
C16/20
Anchor K2 24, nor-
6 mal-weight concrete 17.17 4.21 15.63 n.d. n.d.
C12/15
Copy-Eco anchor nor-
7 mal- weight concrete 28.52 25.33 15.46 20.51 25.07
C16/20
Copy-Eco anchor, nor-
8 mal- weight concrete 23.27 9.72 14.76 18.9 n.d.
€12/15

* Values in brackets refer to the load per single rod

Table 4: Differences in measured and calculated displacements - horizontal anchors.

No Sample Label Maximum Shear | Displacement at Maximum | Load at disp.3 Load at disp. 5 | Load at disp. 10
’ P Load [kN] Load [mm] mm [KkN] mm [KkN] mm [KkN]
Single threaded rod, lightweight
1 agaregate concrete LC16/18 18,76 16,22 9,60 12,53 16,09
calculated displacement: 5,37 2,75 3,59 4,61
difference: 10,85 -0,25 -1,41 -5,39
Double threaded rod, concrete
2 C16/20 - load assumed per rod 18,67 17,92 9,31 10,34 14,95
calculated displacement: 5,35 2,67 2,96 4,28
difference: 12,57 -0,33 -2,04 -5,72
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3 Anchor K2 24, concrete C16/20 26,50 3,78 23,39 n.d. n.d.
calculated displacement: 3,66 3,23 n.d. n.d.
difference: 0,12 0,23

To determine the displacement of the Copy-Eco anchor,amodel  (C16/20), and wool (CS(10) = 70 kPa). The horizontal bar was
prepared in Soldis PROJEKTANT software was used. The material omitted due to its low stiffness, and thus significant susceptibility
parameters were set for steel (1.4404), facing layer concrete to deformation under vertical force.

( )
30,00 .
—#—cingle threaded rod,
25,00 lightweight ageregate
— conorete measured
! displacement
B 13,0C = Single threaded rod,
2 10,00 lightweight aggregate
concrete caloulated
5,00 displacement
0,0 —g— Diouble threaded rod (koad
0,00 5,00 10,00 15,00 20,00 assumed per rod) measured
displacement

displacement [mm)]

Figure 8: Graphic comparison of measured and calculated displacements — horizontal anchors.
N J

A verification was carried out to check that no tensile forces the normal force in the diagonal bar was established, and the
occurred in the bars representing the wool layer. The value of displacements were read (Figure 9).

Figure 9: Model of the diagonal anchor under vertical load. The bars representing the wool are marked in blue. a) anchor-concrete-wool model,
b) maximum normal force, c) diagram of maximum displacement.
k J

Table 5 and Figure 10 present a comparison of the measured in the final phase of loading) are likely due to assembly tolerances

and calculated displacement values for the diagonal anchor. associated with the diagonal installation of the anchor, nuts, and
ashers, as well as exceeding the local load-bearing capacity of the
The significant differences in displacement values (particularly W X W x & g capacity
concrete.
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Table 5: Differences between measured and calculated displacements - diagonal anchor.

No. sample label Maximum shear | Displacementat | Load at disp. | Load at disp. | Load at disp. 10
. P load [kN] max. load [mm] 3 mm [kN] 5 mm [kN] mm [KkN]
1 Copy-Eco anchor, concrete C16/20 28,52 25,33 15,46 20,51 25,07
calculated disp.: 2,65 1,55 2,10 2,55
difference: -22,68 -1,45 -2,90 -7,45

-
= =i =« Copy-Eca anchor
measured
displacement
=i Copy-Eca anchor
calculzted
displacement
000 500 1000 1500 2000 2500 30,00
displacernent [rmim]
Figure 10: Graphic comparison of measured and calculated displacements — inclined anchor.
-

The criterion for concrete compressive strength is related to
the distribution of stresses as a flow of forces in accordance with ' S
the Saint-Venant principle. Additional tensile stresses arise, which ,

o L C according to [16];
result in diagonal cracking in the vicinity of the anchor, thereby

significantly limiting the connection’s load capacity. Figure 11

illustrates a biaxial stress state (the loaded area increases only f

. . fu=a. 2%y =14a, =10
in one direction), and thus the stresses in the concrete should be cd ce Ve > Mee >
limited according to the formula for 6, as per standard [16], as ¢

for a compressed node:

V=l-—k .
250MPa reduction factor for cracked concrete strength

Taking the above into account, the bearing capacity under

compression should be determined from the following formula:

_ ’
O-Rd,max - kl v j;d

(5) Fo<4
S e

where: Rdu c0 Rd ;max (6)

k, - value adopted according to [16], the recommended value where:
is 1.0; . . . .

A, - bearing (compression) area (in our case: " 7 - hf)
-~
Wil
¥ a

Figure 11: Force distribution surfaces: Ac1 - distribution surface, Ac0 - bearing surface.

-
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This means that for concrete class C12/15 and a surface area
A, =0,00226 m2 (anchor &24) we obtain the value O pmax = 8,16
MPa aF, < 18,46 kN. For concrete C16/20, this will already be
Fru < 24,20 kN. According to Table 7, it is apparent that for at least
one type of anchor (“K2”) the bearing capacity under compression
will be exceeded. With a significant reduction in concrete strength
(C8/10) F,,, < 12,51 kN. Interestingly, with an anchor of 220 mm,
concrete class C16/20, and a reduction of the facing layer thickness
by 0.5 cm (to 5.5 cm), the bearing capacity under compression will,

according to calculations, already be exceeded in all cases from

Table 7. The system component also includes an adhesive in the
form of epoxy resin, but its compressive strength of approximately
110 MPa and tensile strength of approximately 80 MPa are so
significant that they do not constitute a critical factor in verifying
the load-bearing capacity.

Self-weight loads are assumed according to PN-EN 1991-
1-1 [17] (and any wind loads according to [18]). An example of
collecting loads according to [17] per m? of a typical fagade panel
is given below:

- thermal insulation (original): 0.06x0.50 0.03 kN/m?,
-new EPS 70 thermal insulation with adhesive: 0.2x0.45 0.09 kN/m?,
- new thin-coat render: 0.01x19.00 0.19 kN/m?
Total: =1.81 KN/m?
safety factor (permanent loads) 1.35
Design load value from self-weight: F, 2.44 KN/m?

And when recalculated for the surfaces of sample panels, the values obtained are as shown in Table 6.

Table 6: Design action from self-weight on the connectors of sample panels and a single connector when two are used per panel (minimum require-

ment).
Type Area A [m2] Fd/m2 [kN/m2] Fd [kN] Fd / 2 [kN]
P1 15,36 2,44 37,53 18,77
P2 11,19 2,44 27,34 13,67
P3 12,88 2,44 31,47 15,74
P4 4,72 2,44 11,53 5,77
P5 6,16 2,44 15,05 7,53

As can be seen, there is a risk of exceeding the compressive
capacity if the concrete class is not properly specified (detailed
data can be found in the authors’ article [19]). Below (Table 7), for

comparison, are the capacities of connectors according to Technical
Approvals of the manufacturers.

Table 7: Design capacities of connections between the facing layer and the load-bearing layer for a single connector, assuming the facing layer

concrete is at least class C12/15 - data based on [4-6,20- 22].

Design load-bearing capacity of the connec-
Systemname | hef[mm] | Diam eter tion [kN] Remarks
disp. 3 mm disp. 5 mm disp. 10 mm
COPY-ECO 550 M12 6.25 capacity for anc}‘10ra.g6 hef =60 mm (110 mm
inclined rod)
M20
7,15 7,7
TCM CHEM-SET 265 lub value in brackets refers to an anchor with @ 24 mm
(9.3) (9.8)
M24
EJOT WSS PLUS 55 524 capacities for load—!aearmg layer 100 mm, insulation
and facing layer 50 mm each
@22, 5,63 8,14 capacities for load-bearing layer 80 mm, insulation
HWB-H =50 60 mm and facing layer 50 mm (value in brackets
2 28 (7,98) (11,2) refers to @ 28 mm)

3 “If various but statically equivalent loads are applied at a certain point of a body, only in the vicinity of that point will the stresses differ, and in the rest of
the body the method of applying the stresses will not affect their distribution” - encyklopedia.pwn.pl

* Formula 6.60 of EC2 standard [16]
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FWS-A
>70 @ 40 8,5 AT states the maximum shear load value
Fischer
Kotwa K2 550 820, 545 79 (9,65) capacities for insulation and facing layers 60 mm
5 24 (7,25) (9,15) each (value in brackets refers to @ 24 mm)
In each case, the value is limited to a single connector (notaset References

of two, as is often given in Technical Approvals). Importantly, the
values below do not take into account the requirements contained
in standard [13], which was issued after most of the currently used
system solutions were introduced to the market.

Summary

The conducted studies of secondary connections in multi-
layered external walls of large-panel buildings confirmed a partial
convergence of experimental results with computational ones
(especially for layer displacements up to 3 mm). The research also
indicated that the selection of remedial systems for secondary
fixing depends on the assessment of the quality, defects, and
degradation of individual wall elements, with particular emphasis
on the thickness of the facing layer (h) and insulation layer (h), as
well as the compressive strength of the facing layer concrete (f ).
The diameter of the anchor was chosen as the decision criterion
when selecting the anchoring system, as it directly affects not
only the deflection (5, ), but also the area of the concrete bearing
zone (A,). Furthermore, diagnostic investigations revealed
considerable variability of the aforementioned parameters
in the analysed buildings, and even in individual elements.

It proved particularly significant that, for lower concrete classes
and thinned facing layers, the bearing capacity under compression
was exceeded at relatively small displacements, highlighting
the need for a precise assessment of the technical condition and
appropriate selection of fixing systems.

As part of broader research, a diagnostic algorithm for three-
layer walls was developed, enabling the determination of basic
requirements for the remedial system, such as permissible
deflection and anchor diameter, taking into account the technical
condition of the elements. In cases of exceptionally good results, it
is suggested to forgo reinforcement (many buildings are reinforced
as a matter of course, without technical condition assessment),
while for extremely poor parameters, the recommended solution
is to dismantle the wall layers. A summary of the required checks
for bonded anchors according to standards was also drawn up,
together with their adaptation for use in existing three-layer walls.
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