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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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DETERMINING LIMIT DISPLACEMENTS
IN SPACER PROPPING SINGLE BOLTING

Abstract. Using the existing engineering methodology of designing bolt joints taking up shear loads of
dimension chains with gap elements according to N. N. Streletski and other authors’ methodology give similar
results, both for the analysis of single bolt joints accuracy and for that of multi-bolt joints. In this article there is
considered the affect of gap elements number on the accuracy of multi-bolt joints. There is established the character
of the intrinsic errors distribution functions interaction, particularly, limit displacements occurring when mounting
single bolt joints, and errors distribution functions determining the accuracy of multi-bolt joints elements mutual
orientation. There are considered theoretical schemes of forming setting errors for basic elements in the plane of
formed joints for a more complicated case, when shearing forces cause element displacements not obligatory
reaching limit values. An analysis of the revealed theoretical schemes for the formation of displacements of the
installed elements in the plane of the formed bolted joints shows that the parameters of the displacement distribution
are significantly different from the same parameters obtained when calculating dimensional chains with gap units.

Key words: dowel, self-anchoring bolt, spacer propping, “bolt-hole” coupling, linear and angular displacement,
multi-bolt joint, setting error.

Introduction. In the conditions of permanently increasing level of building technology industriali-
zation, when manufacturing buildings and structures parts is in the increasing degree transferred to plant
conditions, there changes the structure of working on the site. Operations on assembly acquire the growing
significance, the main of them being quality coupling and bolting. Lately among the main requirements
there are setting fastening elements with the least labor content, reducing the work executing and
achieving high bearing capacity of the joint on the whole. Besides, setting simplicity and aesthetics of the
joint structures themselves are an integral requirement. Studying the now used traditional methods of the
equipment fastening to the buildings bearing structures (embedded parts, special consoles, metal buckles,
coupling rods, bolts and pins) showed that they do not satisfy the present day requirements to them. High
labor intensity of the work executing is combined with significant metal consumption for making coupling
strexutures. Studying bolt joints taking up shear loads is dealt with in the works by N.S. Streletski [1],
G.A. Shapiro [2], N.N. Streletski [3], A.F. Knyazhev [4] and other authors [5,6,7,8]. In these works it is
shown that the bolt joints bearing capacity and deformability (including the ones taking up vibration
loads) are affected by the whole number of factors, the main of which can be divided into four groups:
C, — a group of parameters including technological factors of bolt joints manufacturing; C, — a group of
parameters defining the joint friction effect characteristics; C; — a group of parameters including geo-
metrical characteristics and mechanical properties of couples elements and bolts materials; C4 — a group of
parameters affecting the irregularity of force distribution between multi-bolt joint bolts. There was noted
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that deformability was the main criterion of rational selecting a joint type and defining breaking stress that
can be taken up by the joint working on shear. However, the question was considered in a general
conception, and there were not considered the main displacements and deformations of multi-bolt joints.
The joint shear complete displacement Sgy is the sum of displacements and deformations consisting of the
following components:

St =Ssa+ Ss+ S+ Sap+ Sy, (D

where S is the joint general shear displacement whose value depends on the accuracy of making holes and
the difference between the hole diameter and the bolt body; Ss is shear and bending deformation of the
bolt body; S is crushing deformation of the coupled elements; Sqp is crushing deformation of the bolt
body; Sy is longitudinal elongation (shortening) deformation of the coupled elements sections between the
bolts.

For bolt joint shear operation there is characteristic developing significant displacements —
Stun (5-8 mm) opposite to which the sum of deformations Sqp and Sy (0,03-0,1 mm) is small and negligible.

The accuracy of setting basic elements in the plane of the formed couplings with the bearing structure
surfaces is quantitatively characterized by the values of the set elements displacements from the nominal
position. The setting processes performed by the way of aligning the holes in the basic elements with the
set in the structure mass anchors (dowels) refer to partially regulated processes, for which error occurring
is related to the presence of gaps in the “bolt-hole” couplings (figure 1a). Due to the mentioned gaps the
set elements have three degrees of freedom in the plane of the formed couplings with the building bearing
surfaces. In Figure 1b it is shown that occurring in setting basic elements deflections from the nominal
position present linear displacements Ex and Ey of 0X and 0'Y axes, as well as their angular displacements
E, relative to the specified coordinate system Xoy.

£ v k\_ﬁwm = imi
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I ] g
I Spon LA
R i
I
I L
===
a) b) a) b)
Figure 1 — Presence of gaps in “bolt-hole” couplings: Figure 2 — Coupling with dowels: a) holes for passing bolts
a) set elements with gaps; are designed only in the basic elements; b) gaps are both
b) linear and angular displacements in couplings in the basic elements and in anchor unit elements

The analysis of coupling basic elements and buildings bearing structures with dowels permitted to
separate two most characteristic types of bolt joints. In figure 2 there are presented variants of dowel joints.

Their constructional difference is defined by characteristic features of dowel coupling with basic
element holes and anchor unit elements. In the joints in figure 2a (A-type) holes for bolt passing are
designed only in the basic element, and dowel-bushes themselves are placed in the concrete body without
gaps. In the joints in figure 2b (B-type) the holes for bolt passing and gaps, respectively, are both in the
basic elements and in anchor unit elements. It is obvious that in case of forming the second type joints
orientation of the elements placed in the bearing structure planes, will be performed within the limits of
the total gap. Taking into account constructional characteristic features of anchor bolts coupling, the
formulae to determine minimal guaranteed gap and designing limit linear displacements of the set
elements have the following form:

_ 2\/(8)(0 + Bxs)z + By + 8Y8)2
min K 4

Exyy =H(0.5%S+[Byy, 2 + 85, 857, 3)

S 2
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where SX(Y)O is an admissible deflection of the hole axes in the basic element from the nominal position;

SX(Y)B is an admissible deflection of anchor dowels axes from the nominal position; 6xo, Oy0, Oxs, Oys are

admissible deflections; Smin= Smin1, 5 =3, for A-type couplings; Smin= Smini+Smin2, Og = /5812 +8,> for

B-type couplings.

When analyzing present day methods of ensuring the accuracy of assembling bolt joints, it was
established that the designing relations in N.S. Streletski’s work do not take into account the affect of the
“bolt-hole” couplings number on the value of limit displacements. That is using the existing engineering
methodology of designing dimension chains with gap elements gives the same results both for the analysis
of single bolt assembling accuracy and for multi-bolt couplings [9,10,11,12,13].

Research part. Let’s consider in general the affect of the couplings number with gaps on the
accuracy of multi-bolt joints assembling. Here we’ll try to establish the character of interaction of intrinsic
errors distribution functions, particularly, limit displacements occurring when assembling single bolt
joints, and errors distribution functions defining the accuracy of the coupled elements mutual orientation
in multi-bolt joints [14,15,16,17]. To solve the problem posed let’s consider the schemes shown in figure
3. The first one shows clearly the location of the set dowels deflection axes from the nominal position
specified by the coordinating dimensions Ax and Ay. Deflection fields are shown in figure 3a as shaded
squares. Similarly there are shown the holes deflection fields in the basic elements (figure 3b).

=
L=y
N

a) b) c)

Figure 3 — Layout chart: a) admissible deflection fields of anchor bolts;
b) admissible deflection fields of hole in the support; ¢) bolts and holes when setting a basic element

In the neat scheme there is presented a set basic element with the complete alignment of its axes with
the specified axes, i.e. the element setting errors in the joint plane are equal to zero. Besides, the holes in
the element have random deflections within the admissible allowances, and anchor units axes are
randomly oriented within the limits of allowances for setting anchor units. That’s why in the scheme
(figure 3c) the side gaps between the hole walls and dowel bodies have different values presenting a part
of the diametrical gap S complete value. It is obvious that with the basic element displacement from the
nominal position the value of the limit displacement will be restricted in the considered direction by the
minimal of all the side gaps. As for the case shown in Figure 3c, the limit displacements in the positive Exg
and negative E, directions of X-axis will be equal respectively to the side gaps in the first and the fourth
“bolt-hole” couplings. Let’s note that for real assembly processes occurring the set element displacements
described by relations (2) and (3), is connected with the conditions of the basic element aiming to the
anchor bolts. It is clear that in the considered case the aiming error is no less than the value of “bolt-hole”
coupling gap.

Let’s consider theoretical layouts of forming basic elements setting errors in the plane of the formed
joints for a more complicated case, when shearing forces cause displacing elements nor obligatory
reaching the limit values. This case corresponds to real assembly processes with a more accurate that in
the abovementioned example basic element aiming to the dowels. Besides, the set element is randomly
oriented in the limit values range. Let’s suppose that we know the law of limit values g(Ex) distribution
and that there has been established the law of the set element distribution within the limits of gaps in the
direction of X-axis. Then the theoretical law of displacements distribution accounting a random factor of
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limit values will correspond to the layout of unconditional and conditional distributions which can be
presented in the general form as follows:

g = [ (g, (d(E,), )
v(Ex)
where y(Ey) is the function describing the dependence of integration limit value on Ex changes.

The character of Ey displacements distribution is true for displacements E,, E.

The analysis of the revealed theoretical schemes of forming displacements of the set elements in the
plane of the formed bolt joints shows that parameters of the displacements distribution differ significantly
from the similar parameters obtained in designing dimensions chains with gap elements [18,19,20].
Besides, changing the parameters of element displacements distribution is oriented to the side of increasing
the accuracy of these elements setting which proves the presence of accuracy reserves and reducing
assembly processes labor intensity. To derive the relations permitting to define limit displacements of the
set element in the plane of the formed bolt joint depending on the real values of geometrical characteristics
of the i-th coupling with a gap, let’s consider the schemes presented in Figure 4. In the schemes there is
shown the mutual location of bolts and holes axes of the i-th coupling with a gap when aligning the axes
of the set element with the specified axes and forming A-type couplings (figure 4a) and B-type (figure 4b).
The holes and bolts are shown with deflections from the nominal position specified by Xi, Yi dimensions
within the limits of 6xo, dy0, Oxs, Oys allowances. The holes and bolts are schematically shown by the circles
whose diameters are designated Dy, Da;, di.

i y s Y {I FALY :, | drw. (AN

Figure 4 — Mutual location of the bolts and holes of the i-th Figure 5 — Layout for limit displacements designing:
coupling with a gap: a) A-type coupling; b) B-type coupling a) in the direction of X-axis; b) with the basic element turning

With the aim of simplifying the further computation, let’s reduce the number of geometrical
characteristics considered by means of introducing indicators in less detail. Starting from geometrical
relations, we’ll move from the holes and dowels diametrical dimensions to the gaps values and from the
holes and dowels axes location deflections to their mutual location values: S; is a diametrical gap (total);
Si = Di; — di for A-type joints; S; = D+ Dai - 24 for B-type joints; dxi; dyi are deflections of the holes and
dowels axes mutual location (8x = 8xdi — Oxoi; Oyi = 0y0; — Oyoi). In Figure 5 using the designations there
are presented the set element nominal and limit position with displacement in the direction of X-axis
(figure 5a) and with the element turning (figure 5b). As shown in Figure 5a, limit displacement values
Ex® u Ey' are defined by the lengths of AD and DC sections. It is easily seen that AD section is equal to
the sum of AB and BD sections, and CJ] section is equal to the difference of BD and BC sections (AB).

Taking into account that B/] section is equal to &y deflection, AB section is the leg of the right-angle
triangle AOB, whose hypotenuse AO is equal to half-diameter gap AO = 0,5S;, and leg OB is equal to Jy;
deflection, from geometrical relations we’ll obtain:

EY™ =8x, £4/0,258] -8 )

When opening the introduced designations &y and dy;, let’s write down expression (5) in the form:

E?{EH) = (Ox5 —0xy) £ \/0,258? —(0y5 — 83’01)2 (6)

In order to determine limit angular displacements E2 and E, let’s consider figure 5b.
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Considering positive the basic element turn counterclockwise, let’s designate angle AOO’ as equal to
angular displacement E,, respectively, O'OB=E. Taking into account that angles AOC and COB are equal,
as AO =0OB =x +y, and OC is the common side of triangles ACO and BCO, we’ll obtain:

E> =/£0'0C+ £A0C, El'=/0'0C - ZAOC (7)

In figure 5b it is seen that OOC is equal to the difference of inclination angle of OC and OO lines to
OX-axis which can be expressed by the relation:

49, .
YiT O —arctgL
X, +0 X,

i xi i

£0'0C = arctg ®)

In its turn, angle AOC at the known values of sides AO, OC and AC of triangle AOC is determined
from geometrical relations as follows:

J(AO)* +(OC)* - (AC)
2x AOxOC

ZAOC = arccos 9)

Let’s substitute in  this relation the values of sections AO=/x+y.,
OC=/(x;, +8,)" +(y, +5,)*, AC=0,55,, and obtain:

4(x, +8xi)2 +4(y; +8yi)2 +4(X12 + ylz) _Siz
8\/(Xi +8xi)2 +(y, +8yi)2 X\/Xi2 +y1‘2

Based on relation (7), taking into consideration formulae (9) and (10), limit angular displacements
Eq®™ should be determined as follows:

ZAQOC = arccos (10)

[ +0,; :
EX :arctgu—arctgLiQ (11)
X, +0,, X,

4%, +8,)° +4(y, +8,)" +4(x] +y)) -8/
8\/(Xi +8xi)2 +(y; +8yi)2 X\/Xi2 +y1‘2

The obtained relations for determining limit linear and angular displacements depending on the real
values of geometrical characteristics of a single coupling with a gap will permit, using relation (4) to
calculate basic elements setting errors in the plane of the formed joints with bearing surfaces, as well as
using probabilistic statistical studying methods to establish parameters of these errors scattering. For the
probabilistic-statistical analysis of setting errors it is necessary to establish preliminary the laws and
parameters of intrinsic errors distribution.

Conclusions:

1. For real assembly processes the set element displacements described by relations (2) and (3) are
related to the conditions of the basic element aiming to anchor bolts. Therefore the aiming error is no less
than the value of gaps in “bolt-hole” couplings.

2. The analysis of the revealed theoretical layouts of the set element displacements in the plane of the
formed bolt joints shows that parameters of displacements distribution differ significantly from the similar
parameters obtained when designing dimension chains with gap elements. Besides, changing parameters
of the element displacement distribution is oriented to the side of increasing these elements setting
accuracy which proves the presence of accuracy reserves and reducing assembly processes labor intensity.

3. The obtained relations for determining limit linear and angular displacements depending on the real
values of geometrical characteristics of a single coupling with a gap will permit, using relation (4) to
design the basic elements setting errors in the plane of the forms joints with bearing surfaces.

Q =arccos

(12)
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KEPTTII BEKITHEJIEPAIH BIP BOJITTBI KOCBIJIBICTAPBIHAAT BI
IIEKTI BIFBICYJIAP/JIBI AHBIKTAY

Annoranus. H. H. Crpeneuknii omicremeci O0WBIHIIA 3a30p — OyBIHAAPH! Oap emeM Ti30eKTepiHiH KbUDKY
KYKTEMeJIepiH KaObUITaWTBIH OONTTHI KOCBUIBICTAPIBI €CENTEeYAiH Ka3ipri MHXKEHEPIiK 9MICTeMEeciH oHe Oacka
aBTOpJIAPbI KOJIAHY Oip OOJNTTHI KOCBUIBICTAPABI KYPACTHIPY IIAITIH Talfay YIIiH A€, KOMOOJITThl KOCBUIbICTap
YIIiH 11e 6ipaei.

Makasaja caHplIayMEH JKaHacy CaHbBIHBIH KOIl OOJITTBI KOCBUIBICTAP/IbI KYPAacThIpy IAJIIriHE acepi KapacTbl-
pburraH. bacrankpl Karenmikrepni, atan aiTkanaa Oip OypaHIamMaMeH KOCBUIBICTApIbl KypacThIpy Ke3iHIe TYbIH-
JTAMTBIH IIEKTI BIFBICY YKOHE KOI OOJTTHI KOCBUIBICTApAbIH )KUHAJIATHIH 3JIEMEHTTEPIHIH 63apa OaraapiiaHybIHBIH 1971
JUTiH aHBIKTAUTBIH KaTeJIKTepAl YiecTipy (DyHKUMSICHIHBIH ©3apa OaillaHbICBIHBIH CcHUINaThl OeiriteHreH. blrwicy
KYIITEPl MIHAETTI TYpJe MIEKTI MOHAEpre XKeTe OepMENTIH AJIEMEHTTEPIH BIFBICYBIH TYIbIPATHIH HEFYPIIBIM KYpPJIei
JKaFJail YOIiH TY3UITeH KOCBUIBICTApABIH Ka3bIKTHIFBIHAA HETI3T1 AJIIEMEHTTEpl OpHATY KaTeNiKTepiHiH maima 06o-
JYBIHBIH TEOPHUSUIBIK CXeMalaphbl KapacThIpbuiaibl. Kypbiiran OONT KOCBUIBICTAPBIHBIH KA3bIKTHIFbIH/IA OPHATHUIFAH
SIIEMEHTTEP/IIH BIFBICYBIHBIH Maiiia OOJYBIHBIH AHBIKTAIFAH TEOPUSUIBIK ChI30AapblH TAJ[Ay, BIFBICY/BIH Tapaty
napameTpIiepi OaiiaHbic-caHblUIayIaphl 0ap eJmeM/Il Ti30eKTep/l ecentey Ke3iH/ie allblHFaH yKcac napaMeTpIiep/ieH
alTapIIBIKTal ePEKIIeICHETIHIH KOPCETE I,

Tyiiin ce3aep: cyOenb, e3iHeH aHKepJieHETIH OONT, Kepriin OexiTkii, "OGonT-Tecik" TyHiHaeMecl, ChI3BIKTHIK
YOHE OYPBIIITHIK BIFBICY, KOTOOITTHIK KOCBLIBIC, KOHIBIPFBIHBIH KATEJIIrI.
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S Haponiickuii rocy1apCTBEHHBIN TOPHEIA HHCTHTYT, Y36€KHCTaH

OINPEJIEJIEHUE NPEJEJBHBIX CMEIIEHUI
B OJTHOBOJITOBBIX COEJIUHEHUAX PACIIOPHBIX KPEILIEHUI

AHHOTanusi. Vcnonp30BaHUE CYIIECTBYIOIIEH HWHXXCHEPHOW METOAMKU IPOEKTUPOBAHUS OOJTOBBIX CO-
€JIMHEHHH, BOCIIPUHUMAIOIIUX CABUTOBBIE HATPY3KH Pa3sMEPHBIX LENEH ¢ 3a30pHBIMM 3IEMEHTAMU MO METOJHUKE
H. H. Crpeneukoro m Jpyrux aBTOpOB, AA€T CXOAHBIE pE3yJIbTaThl Kak sl aHadM3a TOYHOCTH OIMHOUYHBIX
0ONITOBBIX COEAMHEHNUH, TaK U JUIs aHAIN3a TOYHOCTH MHOT'OOOJITOBBIX COEANHEHUH.

B crathe paccMOTpeHO BIMSHHE KOJIMYECTBA CONPSDKEHHWH C 3a30pOM Ha TOYHOCTH COOPKHM MHOTOOOJTOBBIX
COCIMHEHWH. YCTaHOBJICH XapaKTep B3aUMOCBS3M (PYHKIMI pacmpeneleHrs HCXOMHBIX MOTPEITHOCTeH, a HMEHHO
MIPEAEIbHBIX CMEUIEHNH, BO3HUKAIOMINX MIPU COOPKE COEAMHEHUH C OAHUM OOJNTOM, N (QYHKIMAMH PacIpeeCHNs
MOTPEIIHOCTEH, ONPEACISIONMX TOYHOCTh B3aUMHOW OPHEHTALUHM COOMPAEMBIX 3JIEMEHTOB MHOTOOOITOBBIX
coennHeHnl. PaccMOTpeHBI TEOpETHUECKHE CXEMbl 00pa30BaHUs MOTPEIIHOCTEH YCTAHOBKH 0Aa30BBIX IEMEHTOB B
IUIOCKOCTH 00pa3yeMbIX COeANHEHUH Ul 6oiee CI0XKHOTO CiTydasl, KOTAa CABUTAIOIINE CHIIbI BBI3BIBAIOT CMEILICHUS
3JIEMEHTOB HE 0053aTeJIbHO JOCTHUTAIOIINX MPEICIbHBIX 3HAYCHUN. AHAIN3 BBISIBIICHHBIX TEOPETHYECKUX CXeM 00pa-
30BaHHUsA CMeLL[eHI/Iﬂ YCTaHaBJIMBAEMbIX D3JIEMCHTOB B IIJIOCKOCTHU 06pa3yeMb1x 6OJ'ITOB]>IX Coelll/IHeHl/Iﬁ IIOKa3bIBACT,
4YTO MapaMeTpbl paCpeaAcICHUA CMC[IJ,GHI/II‘/‘I CYIIECTBEHHO OTJIMYAOTCA OT aHAJIOTMYHBIX IMapaMETPOB, IMOJIYyUaCMbIX
IIPU pacdyeTe pa3MEpPHBIX LIEeNel ¢ 3BeHbIMU-3a30PAMU.

KitroueBble cioBa: 1100e11b, CAMOAHKEPYIOLIIUHCS 00T, paCHOPHBINA KpenesK, CONPSDKEHUS «00IT-0TBEPCTHEY,
JIMHEIHBIE U YTJIOBBIE CMEIIEHHS], MHOTO0OJITOBOE COeIMHEHHE, TOTPEIIHOCTh YCTaHOBKH.
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