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Abstract. The joint work of pasted steel anchors and wall masonry elements from natural limestone
is discussed in the article. The aim of the scientific work is the development of a technique for calculating
the load-bearing capacity of anchors in masonry walls from natural limestone and the development of
nomograms for the rapid evaluation of the bearing capacity of anchors. The state of the problem of the
work of pasted anchors in various materials was studied. It is established that the known methods for
calculating the strength of pasted steel anchors do not take into account the joint work of the natural
limestone and pasted steel anchor. Previous studies have focused on the study of anchor joints in concrete,
and the work of the pasted joint in the masonry walls of natural limestone has not been investigated. In the
present work, for the experimental study of the work of pasted steel anchors in the masonry of walls made
of natural limestone, the following materials were accepted: natural limestone, periodic profile
reinforcement and anchor mixture. General methods of experimental and theoretical research: analysis,
synthesis, deduction, induction, analogy. To solve the set tasks, in the experimental part, the strength of
the adhesive joint for pulling in stone elements after the strength of the anchor mixture was established,
when fitting the fixture g 12 mm A 500C into it. Experimental samples, tested to determine the strength of
the adhesive joint, were destroyed by breaking the stone. This fact confirms the higher strength of the
adhesive bond than the stone element. The results of the physical experiment performed by the authors
for determining the parameters of the joint work of the pasted steel anchor and the stone elements from
natural limestone are presented in article. It has been experimentally established that 0.4 mm is the criterion
for the limiting displacement of anchors, in which splitting of stones from the effect of transverse tensile
stresses caused by pulling out pasted steel anchors is not allowed. The estimated evaluation of the joint
work of pasted steel anchors and wall masonry elements from natural limestone was proposed.

AHHOTaumsA. B ctaTbe paccmaTtpuBaeTcsi coBMecTHasi paboTa cranbHbIX aHKEpOB U 3NIEMEHTOB
KnaZky CTEH M3 MPUPOAHOro M3BECTHsika. Llenblo HayyHon paboThbl sBnsieTcst pa3paboTka MeToauku
pacyeTa Hecyllel CrnocoOHOCTU aHKepOB B KaMEHHOW Kragke CTeH M3 MPUPOAHOrO WU3BECTHSIKa W
pa3paboTka HOMOrpamMMm Afisi OnepaTUBHOWM OLEHKM HecyLlel cnocobHOCTM aHkepoB. M3yueHo cocTosiHue
Bonpoca 0 paboTe KreeBbIX CTanbHbIX aHKEPOB B pa3fiMyHbIX MaTepuasnax. YCTaHOBMEHO, YTO U3BECTHbIE
METOAMKM pacyeTa NPOYHOCTM CTarbHbIX aHKEPOB HE YYMUTLIBAOT COBMECTHYIO paboTy NPMPOOHOrO KaMHS
M3BECTHSIKa M cTanbHOro aHkepa. Mpegploylive MCCnedoBaHUst HanpaBrieHbl Ha M3y4YeHue aHKepHbIX
coeguHeHuin B GeToHe, a paboTa KMNeeBoro COedVMHEHWs B KaMeHHOW Knagke CTeH W3 MpUpoaHOro
N3BECTHSIKa He UccneaoBaHa. B HacToslen paboTe, ANA 3KCNepUMEHTaNbHOro UccneaoBaHUs paboThl
KrneeBbIX CTanbHbIX aHKEPOB B KAMEHHOWN KnafKe CTEH U3 NPUPOOHOr0o U3BECTHSIKA, NPUHATLI criedytoLume
mMaTepuarnbl: KaMeHb U3BECTHSIK, apMaTypa Nnepuoauyeckoro Nnpoduns u aHkepHas cmeck. ObLume MeToabl
9KCMEPUMEHTAarbHBIX Y TEOPETUYECKUX UCCINEA0BaHWUIA: aHanNn3, CUHTE3, AeAYKUNS, UHOYKUNS, aHanorus.
NS pelleHns nocTaBneHHbIX 3adad, B 3KCMEePUMEHTarNbHOM YacTu UccnefoBaHbl NMPOYHOCTb KIeeBoro
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CoefMHEeHVs Ha BblAeprmBaHNe B KaMeHHbIX 3fieMeHTax nocrne Habopa NPOYHOCTUN aHKEpPHOro COCTaga,
npu yctaHoBke B Hero apmatypbl @ 12 mm A 500C. OnbITHbIE 06pas3upl, UCMbITAHHbIE A9 onpeaeneHns
MPOYHOCTU KITEEBOIO COEAMHEHMS paspylwunucb MNyTeM packofia KamHsa. 3T0 0BCTOSATENnbCTBO
nogTeepxgaeT Gonee BbICOKYO MPOYHOCTb KIEEBOr0 COEAMHEHNS, YeM KaMEeHHOro anemeHTa. B ctatbe
npeacTaBneHbl pe3ynbTaTbl PU3NYECKOrO 3KCMEPUMEHTA BbINOSIHEHHOrO aBTOpaMu Afs OnpeaerieHns
napameTpoB COBMECTHOM paboTbl CTanbHOr0 aHkepa 1 KaMHeln NPUPOAHOIo M3BECTHAKA. ONbITHBIM NyTEM
ycTaHoBneHo, 4to 0,4 MM — 3TO TOT KpPUTEPUA NPeneribHOro CMELLEHUSI aHKEPOB, NMPU KOTOPOM He
JOMycKaeTCa packosyl KaMHel OT BO3OEeNCTBUSA NMOMEpPeYHbIX HanpPshKEHWA PacTSKEHWUS, BO3HUKLLUX MpU
BblAeprmBaHuM cTanbHbIX aHkepoB. [lpegnoxeHa pacyeTHas oueHKa COBMECTHOM paboTbl CTanbHbIX
aHKEepOB U 3MEMEHTOB KNagku CTEH N3 NPUPOAHOro U3BECTHSKA.

1. Introduction

The object of research of scientific work is a technical solution for the reliable fastening of modern
hinged facades to buildings with walls of natural limestone.

Research subject: glued joint of a steel anchor in a stone element of natural limestone.

In accordance with the Decree of the Government of the Russian Federation No. 1636 of December
27, 1997 [1] only such anchors are allowed to be used on responsible construction sites whose suitability
for use in construction is confirmed by the relevant technical certificate of the Ministry of Construction of
the Russian Federation. Anchors that do not have a technical certificate are not allowed for use in critical
construction sites [2].

The work of steel anchors fixed in a concrete base, which perceive the tensile and shearing forces
from static loads, including their joint action, has been fairly well studied [3-18]. Leading world
manufacturers of anchor fasteners Hilti, Fisher, Spit, etc. [19-21], offer methods for calculating and
predicting the long-term bearing capacity of anchors fixed in a concrete base. In the recommendations for
the design and installation of anchor fastenings of hinged facade systems developed by V.N. Vorobyov [2],
the versions of the fastenings of front systems are described quite fully, however, the types of anchorage
considered do not contain information on the operation of the glued steel anchor in the walls of natural
limestone. Tests of anchor bolts on modified acrylic adhesives in determining the strength of their laying in
concrete for short-term, long-term and dynamic loads, conducted by G.A. Molodchenko, V.A. Sklyarov,
L.N. Shutenko, M.S. Zolotov and others [22—29] have shown the possibility of using them for fixing building
structures and equipment under the action of various combinations of loads on them. In this case, the
application of the above-mentioned known techniques for calculating and constructing anchor fasteners on
an adhesive basis in elements of masonry of walls made of natural limestone is incorrect. To ensure the
reliability of anchorages, it is necessary to account for the joint work of the glue shell of the anchor and the
base of natural stone material [30-35].

At present, a large number of works have been devoted to the investigation of the thermal protection
properties of hinged ventilated facades [36—38], while the methods for determining the bearing capacity of
fastenings of facade systems have not been studied enough and need improvement.

The relevance of the research is that at present there are no methods that take into account the
conditions for the joint work of the glue shell of the anchor and the natural limestone stone.

The aim of the scientific work is the development of a technique for calculating the load-bearing
capacity of anchors in masonry walls from natural limestone and the development of nomograms for the
rapid evaluation of the bearing capacity of anchors.

Objectives:

1. To carry out an experimental study of the joint work of the glue joint of steel anchor and natural
limestone stones.

2. Develop proposals for the calculation of steel anchors in the masonry walls of natural limestone.

2. Materials and Methods

The method of full-scale tests and rules for determining the capacity of anchors in relation to
longitudinal axial pulling loads with reference to the actual building base are set out in SRT 44416204-010-
2010 "Anchor fasteners. The method of determining the bearing capacity by the results of full-scale tests"
[39].

The essence of this method is that the tests of the anchorage on the pulling force applied to the
anchor along its axis determine the resistance to fastening of the load and the deformation corresponding
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to the limiting states characteristic for it, and then the load-bearing capacity of the anchors is calculated by
processing the test results.

Installation of anchorages in hinged facade systems should be carried out on the basis of a project
developed in accordance with the requirements of STO NOSTROY [40] and taking into account the
recommendations of the anchor manufacturer. The anchor mark must be indicated in the design
documentation [40].

Previous studies have been directed to the study of anchor joints in concrete, the work of the glue
joint in the masonry walls of natural limestone was not considered. In the present work, for the experimental
study of the joint work of glue steel anchors in the masonry of walls made of natural limestone, the following
materials were accepted: a nomulite limestone stone, a periodic profile armature and an anchor mixture.

A natural physical experiment was carried out. The strength of the glued joint is determined when
installing anchors in the base of natural limestone stones. General methods of experimental and theoretical
research: analysis, synthesis, deduction, induction, analogy.

Based on the analysis and processing of the results obtained, the following strength characteristics
are determined:

The physical and mechanical properties of the natural limestone stone used in the manufacture of
prototypes are determined by testing a stone element 120x108 mm; h = 156 mm; the volume weight is
1750 kg/m?. The test was carried out in accordance with Russian State Standard GOST 8.136-74 [41] on
the hydraulic press P-125.

Based on the analysis and processing of the results obtained, the strength characteristics of the
stone of natural limestone are determined (Table 1).

Table 1. Physical and mechanical properties of natural limestone stone.

Ultimate
Geometric _ Weight Volumetric Destruc_tive C(JSTDVESSi}/e
characteristics: weight: load: rength: Stone mark
axbxh, m m, kN p, kg/m3 F, kN Ocm, MPa
1 2 3 4 5 6
0.12x0.10x0.15 0.035 1750 88.26 6.8 M 50

The physical and mechanical properties of the A 500C armature used in the manufacture of
prototypes are determined by testing the rods with a length of 350 mm. The test was carried out in
accordance with Russian State Standard GOST 1497-84 [42] on an explosive device MP-500.

Based on the analysis and processing of the results obtained, the following strength and deformation
characteristics of the reinforcement are determined: the physical yield strength 0, the time resistance 0,

the elastic modulus Eg, the limiting relative deformations &,,,, corresponding to class A 500C.

A mortar mixture for anchoring and fixing various building elements in the Ceresit CX 5 masonry has
been applied.

According to the manufacturer's data, compressive strength is:

— after 6 hours more than 12.0 MPa;
— after 1 day more than 22.5 MPa;

— after 28 days more than 22.5 MPa.
Flexural strength is:

— after 6 hours more than 2.2 MPa;

— after 1 day more than 2.6 MPa;

— after 28 days more than 8.0 MPa.

Testing of the samples was carried out after the strength of the solution mixture was collected after
28 days.

To solve the set tasks, in the experimental part, glued joints of A-500C armature are investigated
when pulled from a stone base. Destruction determined the bearing capacity and deformation of glue joints
of steel anchors in stone elements from natural limestone. The depth of the anchoring of the reinforcing
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bar, to obtain objective results, was taken differently on the basis of technological considerations for
attaching hinged ventilated facade systems to the walls of multi-storey buildings.

The scope of the experiment was planned, allowing to obtain the number of experimental data
necessary for statistical analysis and processing of the results ensuring the solution of the problems posed
in this study.

The test facility is a R-20 rupture machine, into which a prototype is installed in an inventory metal
cage. MIG-1 clock indicators are used to measure the deformation of the anchor shear relative to the outer
surface of the stone base perpendicular to it.

To assign the load during testing of the adhesive joint, a numerical model was constructed in the
PC "LIRA" and the forces acting in the anchor rods during the fastening of hinged ventilated facades to the
walls of multi-storey buildings of stones and blocks of saw limestone were determined.

The tests were carried out in accordance with the requirements of Russian State Standard
GOST 1497-84 [42].

The load was applied in steps of 0.1 from the expected destructive value to track the dynamics of
failure and deformation of the adhesive bond in the test sample.

In prototypes tested after 28 days, the growth of deformations also depended on the anchoring
depth. The displacement of the anchor passed along the contact zone "rock stone — anchor".

3. Results and Discussion
The destruction of anchorages can be as follows [2]:

— failure to connect the anchor to the base (in cases where the size or the anchor mark does not
correspond to the pulling load, with insufficient anchoring depth, if the anchor installation
technology is violated);

— failure of the base material (with insufficient strength of the base material, non-observance of the
minimum axial distances);

— cleavage of the base in angular zones (with insufficient edge distances, high proppant force, high
shear load);

— destruction of the steel anchor (the rarest case of failure).

The maximum permissible deformations in the test specimen occurred at a load from 24.52 kN to

30.4 kN.

Experimental samples tested to determine the strength of the adhesive bond were destroyed by
slipping the glue joint through the contact zone "glue shell — the surface of the stone" and was followed by
a subsequent split of fragments of stones. This circumstance confirms the need to take into account the
joint work of anchoring elements in the contact area of materials.

Itis established that the exhaustion of the bearing capacity of the adhesive joint should be considered
when the anchor is displaced relative to the surface of the stone reaching a value of 0.4 mm.

With further load application, the anchor was pulled out of the previously drilled hole instantly, and
followed by a split stone (Figures 1, 2).

Figure 1. Type of prototype when the anchor displacement is relative
to the upper surface of the stone 0.4 mm
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Figure 2. When the anchor was displaced more than 0.4 mm, it was pulled out,
followed by a subsequent split of the stones

Splitting of stones occurred at loads exceeding by 15-20 % the load of depletion of the bearing
capacity of the adhesive joint (according to the limiting displacement of the anchor 0.4 mm).

Thus, under the action of tensile forces in an anchor glued to a stone wall masonry element from
natural limestone, a "glue shell — stone surface" breakdown occurs on the contact.

To develop proposals for calculating the strength of steel anchors in the masonry walls of natural
limestone, criteria for limiting the displacement of anchors (0.4 mm) should be adopted, in which the joint
work of materials is not allowed.

In connection with the natural variability of the structure of natural limestone stones formed as a
deposit product, it is expedient to operate with the factors of joint work of the anchoring elements,
proceeding from the assumptions only of the elastic stage of work [3—18]. It should be emphasized that
taking into account the inelastic work of the elements can lead to an unreasonable and very dangerous
overestimation of the design strength characteristics of anchor joints in natural limestone.

Based on the results of the experiment, the ultimate bonding tension of the glue shell of the steel
anchor with the surface of the stone hole of natural limestone is determined by the strength corresponding
to the M50 grade.

P

n'dh'hef @)

Tc1(0.95) =

where: d;, — is diameter of the hole previously drilled in stone, mm;
hef — is depth of anchoring of the anchor (effective anchoring depth), mm;

P — is destructive load, kN.
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Figure 3. Scheme of a prototype of a natural limestone stone with an adhesive steel anchor
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Figure 4. Experimental dependence of the ultimate bonding tension of the glue shell with the

surface of the hole in the stone of natural [imestone with the strength corresponding
to the M50 grade

From the foregoing, when taking into account only the elastic stage of the work, it follows that
calculation of the depth of anchoring of the anchor in the stones of saw limestone is determined by the
formula:

b P
ef = (2)
Tei(0,95) " T dp,

The area of the stone element, subject to compression from pulling the anchor, is determined by the
diameter of the conventional stone shell, which is involved in the adhesive work of the anchor in joint work:

n 2 2
Acom = Z (déom — dh) (3

where d,,, — is diameter of the conventional stone shell, involved in the glue shell of the anchor in the
joint work.
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Maximum allowable compression area for M50 stones is:

P

Avit.com. = M (4)

where P — is breaking load (tensile force in the anchor), kN;

M —is grade of stone, MPa.

T P
Z (dcz'om - dizl) = M ®)

From the equality 5, we determine the diameter of the conventional stone shell, which is involved in
the adhesive work of the anchor in joint work:

A, = J 0.025 - P + d2 ©)
The minimum permissible distance between the holes or to the outer edge of the stone (Figure 5) is
determined as follows:
Bmin = dcom + 2dy, (7

The recommended distance between the holes or to the outer edge of the stone (Figure 5) is
determined by the formula:

Bopt = 2(dcom + dh) 8

The design load-bearing capacity of the anchor for pulling in the saw limestone of the M50 strength
grade will be:

PELT75%hg* - dy, 9

where 1.75 MPa — is a cautious value with a guaranteed probability of 0.95 of the maximum permissible
adhesion stress of the anchor glue shell with the surface of the hole in the stone of the limestone of the
numulite with strength corresponding to M50 [43].

d h pasted steel d h

anchor d natural d com d
natural com limestone com
limestone ] - pasted steel -1 //% -1 pasted steel
/ y \ anchor ] _ /- y anchor
{ A / B> % Yy, /
dcom ~ ~ dh dcom NN SRS N dh

Bmm Bopt

Figure 5. Calculation scheme

To quickly assess the bearing capacity of anchors of different diameters, it is convenient to use
nomograms (Figure 6), developed by the authors on the basis of the conducted experiments and statistical
processing of the results obtained.
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outer edge of the stone (for glue steel anchors) in natural limestone stone
with strength corresponding to the M50 grade

4. Conclusions

1. An experimental study of the strength of glue joints of steel anchors and natural limestone stones
was carried out. It has been experimentally established that 0.4 mm is the criterion for the limiting
displacement of anchors, in which the joint work of the glue joint is preserved in the contact zone "glue
shell — stone surface". The obtained research results are relevant for calculating and constructing anchor
fastenings of hinged ventilated facades on the walls of buildings made of stones and blocks of saw
limestone.

2. In connection with the natural variability of the structure of natural limestone stones formed as a
deposit product, taking into account the inelastic work of the elements can lead to an unreasonable and
very dangerous overestimation of the design strength characteristics of anchor joints in natural limestone.

3. Proposals for the calculation of steel anchors in masonry walls made of natural limestone have
been developed.
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4. When calculating and constructing anchors in natural stones of a different structure or age, it is
necessary to perform control tests that specify the actual parameters of the joint operation of the elements
in the contact zone "glue shell — stone surface".
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