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METHOD OF CALCULATING SPACE OF MULTISUPPORTS CONSTR UCTION
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Polotsk State University, Belarus

This paper presents a) the method of calculatiothefspatial multisupport construction.

Two-moment bending torsion theory together with thethods of construction mechanics makes it
relatively simple to calculate the spatial systesush as a thin-walled one, having in a span artrarily
given points intermediate supports. Such systerohide, in particular, the design of beam bridgethwi
diagonal supports (Fig. 1), the design covers tikbed vaults shells with respect to the longitadiadges
of the support rod (Fig. 2). For simplicity sake wigall assume that the system in cross sectionahas
vertical axis of symmetry.

Fig. 1. Design with diagonal supports

Fig. 2. Strain model

Suppose that such a system is under the influeticéneo vertical load, for which the resultant
transverse strips of unit width in the plane of syetry of the profile. An example of such a loadths
weight of its own design. This load in the absen€easymmetric support connections according to the
above theory, cause a bending deformation onlyor8ivonal deformation is absent, since the load palés
through the center line of bending, also lying ire longitudinal plane of symmetry. In the presente
links arranged at a certain distance from the akisymmetry of the profile design, along with thenld and
will experience torsional deformation caused byctems of reference relationships. To determines¢he
reactions, we can use the methods of structurahamcs, extending and generalizing these method& to
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considered here walled spatial system. We will peatfrom the force method. We choose as primary thi
walled single-span structure, obtained from thebgedropping the intermediate support connecti@igin
state of the system at any complex loading can dterthined by applying the elementary conditions of
bending and torsion of the bending. Since in ouaneple the external load and the supporting
communications vertical, the states of elementagid system we are interested in the status otwioe
species, namely, pure bending and bending-tordtan (, b, 2, b).

Action reaction of any of the support rod, not fregghrough the center of curvature, can be reduced
the busy main system concentrated vertical lodtarplane of symmetry and causing pure bendingrdeftion,
and concentrated torque that causes the bendingnaion of the torsion. Vertical deflectigd =y1 (z, t) of
the rod in any section z = const of a concentragztical load P acting along the axis of symmeirany other
section t = const with hinged support rod endsrdated by the formulas:

values for >z>t

P(l-2)t 22T,
n(zt)=——= 6E1 | [P-(-2-t]; (1.1)
for values ot >z>0
_P(|—t)Z 2 _ (1 _+\2 _ 52
”(Z’t)_—eEu [F-(-1)?-2°]. (1.2)

Equations (1.1) and (1.2) can be prepared eitheh&ymethod of initial parameters for the diffeiaht
equation in Equation beam bending system, or byyampthe general Mors formula for the displacement

ll(z’t):j‘Mz(S)Mt($ds,

1.3
= (1.3)

0

where M(s) and Mt(s) — the bending moments frominldévidual forces applied at two different pointith the
beam axis and z abscissae t. Formula (1.1) and éte2a function of influence (Green's function) the
problem of bending of the single beam with hingpparts at the ends. Torsion angle in arising in sention z
= const of torque concentrated H = D acting in pkane of any other sectidn= const, is determined by the
formulas:

values for > z>t

h Kt
oz = L-2- lElS—T[lshk(I—z) - (1.4)
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for values oft > z> about
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These formulas presented the influence functioneé@s function) for the problem of single-span
flexural torsional thin-walled beams, having thel®nf the hinge bearing also.

Formula (1.4) goes into the formula (1.5) by replgz-t, which is in accordance with the symmetry of
Green's function, and the reciprocity theorem Betovements: int( 2).

In the case of ribbed vaults shells used in thesitontion business, as well as in the case of dsitial
and prismatic shells open profile, widely used wraton and shipbuilding, stiffness GJd Sen-Venaorsion
factor is secondary importance foam values. Assgrttiat the stiffness and hence the magnitude efjiual to
zero, we can simplify the formula (1.4) and (1.5). do this, expand the hyperbolic functions incllidie the
formula (1.4) and (1.5) in a row, two terms expandor each function, and take the limit.

We simplify, for example, formula (1.4):
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Formula (1.6) is valid for values oflz>t. For values of >z> 0 from (1.5) we obtain

02,9 =—— X --02-77], T

w

Formulas (1.6) and (1.7) have a similar structoréhe formulas (1.1) and (1.2) and differ from thim
quantities related to the displacements, the |oalta the generalized geometric characterizatitwe. idlentity of
these formulas is also a consequence of us madtleeugpeneral provisions relating to the mathematcallogy
in the theory of rods in bending and torsional dikat.

We now give a formula for the deflection of the maiystem outward transverse uniformly distributed
load g, acting in the plane of symmetry:

dy=my+ob, (G Jj=1,23,..., 1),
B =Tisg (i=1, 2, 3,..., n),

n(z) = -212+ 7. (1.8)

24EI [

Knowing the strain our basic system considered hisrelementary states; we can now easily obtan th
equations for the unknown force method reactiondioa piers. These equations when the number n of
intermediate supports is of the form:

811‘)(1"}‘01: z+ —1—31an+0 —0\
321X1+azz =+ Oyn n+ozp—"0

...........
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Here, the desired reactions, 5 |, 2, 3, ..., n) with positive considered potif they comply with the
stretchable support links.

Coefficients and the free terms of the equatior8)(are calculated by the general formulas: whenred]

— the serial numbers of equations and unknownsefleEtion of thd-th section of the support unit concentrated
force corresponding to the desired reacfitin support; — Torsion angle in thwth section of support from the
local, single torquédj = b, acting in a plane passing through jtl support.

The b value represents the half width of the structwioegie shoulder). In accordance with the rule of
signs, this value will be positive for poles lochtan Fig. 1 and 2 to the right of the axis of syrtimand to the
negative poles to the left of the axis.

Free term bj-th equation is calculated by the formula (1.8)deflection for a given load in the section
passing through thieth prop. Determined from the equation (1.9) suppeactions, we can then use the above
formulas for elementary states the basic systerthbymethod of superposition to get deflectiomangles of
twist given spatial multisupporting system. Norraal tangential stresses in the cross-sectionsedgytstem, in
the case considered here should be calculatededsiibmial formula:

o(z9=-Hn"(3 ¢ 3+ xA }

(2 9= E{ (a5 z?(‘;;
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STRENGTHENING OF FOUNDATION BY BUILDING-UP WITH RIG ID REINFORCING

YURY TRUBACH, ALIAKSANDER KREMNIOU
Polotsk State University, Belarus

This article treats methods of strengthening oipsfoundations by increasing the base of foundation
Structural concepts providing joint work of elensemif existing foundations and concrete buildingane
analyzed. It's shown that reinforcement of grippem interface by rolled profiles allows more stramg and
more reliable interfacing of new and old elemerftéoandation. Construction diagrams of installatiohmetal-
rolling profiles in reinforced foundation are showhechnology of strengthening of foundation by dnd-up
with the use of rigid rebars is described.

When reconstruction of buildings and constructitai®es place there is often necessity to strengtien
foundations. Mostly this problem should be solvetew superstructure of additional floors, increashey span
between the supporting structures, changing ofreehaf support of overlapping elements etc. Stresmtiy of
the foundations is also made during the stabibratif ground foundation deformations of a buildthgt is in
an emergency condition.

As it is shown by building practice, works of fowtithns strengthening are labor-consuming and quite
expensive. Cost of foundations strengthening waiks compose more than half of cost of all worksrdur
buildings reconstruction. In many instances, retonton, connected to strengthening of the fouiodat
becomes economically impractical.

Working-out of new structural concepts of the foatimh strengthening that satisfy requirements of
manufacturability, security, minimal consumptionroéterials and labor intensity will allow to redumansiderably
the cost of such works and to make projects ofn&tcoction of buildings more attractive for invasto

The mostwidespread method strengthening of strip foundations is increasirglihse of foundation by
building-up the reinforced concrete martlethfrom one side, and from the other side of reinfdrindation.
At present, there are some methods of broadenmgttip foundation base by building-up protrusiomih the
use of anchors (fig.1,a); with the installationrefnforced construction under the base of exisfmghdation
(fig. 1, b); with the use of perforating anchors (fig.c};, with a simultaneous injection of foundation (fig d).

Joint work of reinforcement elements with existiogndation in abovementioned methods is provided by

— arrangement of concretdowels, projections in recesses of existing foundation opp®rting
structures of building;

— arrangement of anchors embedded into body of agistiundation;
arrangemenof perforating armature;

- welding of armature of elements of broadening witned fittings of reinforced foundation;

- with the use of special support elements: strutlyading metal oreinforced concrete beams.

In this work the method ostrengthening of strip foundations by building-upthwuse of rigid
reinforcement. As rigid armature can be used ropedfiles in the form of channel sections, T-beaons
I-beams,jnstalled intodrilled by diamond crowns holes. Schemestwéngthening is shown on fig. 2

In proposed method, metal-rolling profile will alNocreation of rigid connection between existing
foundation and construction of reinforcement tharot be provided fully with the use of anchorssiBes,
there is no need in installation of longitudinalwads or metal beamever the entire length of reinforced
foundation, thus, the step of installation of rig&inforcing element is determined by the conditidmproviding
the strength of concrete extrusion of the existmgdation.
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