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1. Introduction. We have developed a scheme of falsework, practically coinciding with the scheme
based on the falsework «Nuremberg scissors». The designs on the this scheme superior to constructions
based on the «Nuremberg scissors» by Parameters rigidity. We designed and created experimental
construction of falsework (PMD-2.2) with the rise of the working area up to 4 meters. Here we give a
comparative analysis of rigidity — designs «[IMJ/I-2.2» and its analogue on the basis of «Nuremberg
scissors.» Calculations showed that the rigidity of the «IIMJI-2.2» on average twice as much rigidity
«NN», and lateral rigidity even more.

Abroad are widely used falsework based on «Nuremberg scissors» («NN»). Analysis of the scheme
«NN» showed that it still has potential to increase rigidity. The authors devised a scheme which by its
characteristics better scheme «NNy in rigidity. This scheme has all the qualities of «NN», and also has a
greater «longitudinal» and «lateral» rigidity. This is due to the introduction of an additional slider, located
on the rack. This engineering solution for falsework has received several patents of the Republic of
Kazakhstan for utility model and industrial sample [1-4]. Adding slider poses yet another the reference
point in the design of in space of motion. As you know, foreign designs based falsework «HH» have only
support points in the plane lying horizontal frame. To demonstrate the advantages of the proposed scheme,
falsework will do a comparison of two models of rigidity. To analyze the structural rigidity falsework built
finite element model (FEM). They consist of 40 nodes (Figure 1).

We consider two finite-element models (Fig. 1), all nodes are the same. For the construction of the
«[IMJ1-2.2» additional sliders move by rigid vertical guide, and for construction of the «NN» — they are
free from them (Table 1).

2. Structure and cross-sectional geometry, material properties. Of the finite element models are
the same for both FEM. The cross sectional area of the rod finite element (RFE) is A=12000E-02. The
moments of inertia, the elastic modulus and Poisson's ratio is:/, =198¢-05,7,=.1790¢-06, E =2*10"

v =0.3. Consistency between RFE and FEM nodes are in Table 2.
To account — fastenings and geometry FEM: in the corresponding nodes implemented restrictions, in
the corresponding joints of between RFE introduced rotational and translational pairs (Table 3, 4).

Weight of the structure is ignored, and the external forces for both models are given the same
(Table 5).
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Figure 1 — The finite-element model of «Nuremberg scissors» and «[IM/I-2.2». Green lines show the deformed state

Table 1 — Coordinates of the models

N —node number; (X, Y, Z) — coordinates of the node
N X Y Z N X Y Z
1 .00000e+00 -.40000e-01 .00000e+00 21 29686e+00  .30000e+00  .55000e+00
2 .59372e+00 .00000e+00  .00000e+00 22 29686e+00  .30000e+00  .16500e+01
3 .29686e+00  -.40000e-01 .55000e+00 23 .39372¢+00  .00000e+00  .00000e+00
4 .29686e+00  .00000e+00  .55000e+00 24 79372¢+00  .00000e+00  .00000e+00
5 .00000e+00  .00000e+00  .11000e+01 25 .39372¢+00  .60000e+00  .00000e+00
6 .59372e+00  -.40000e-01 .11000e+01 26 .79372¢+00  .60000e+00  .00000e+00
7 .29686e+00  -.40000e-01 .16500e+01 27 .00000e+00  -.10000e+00  .11000e+01
8  .29686e+00  .00000e+00  .16500e+01 28 .00000e+00  .70000e+00  .11000e+01
9  .00000e+00  -.40000e-01 .22000e+01 29 .00000e+00  -.10000e+00  .96667e+00
10 .59372¢+00  .00000e+00  .22000e+01 30 .00000e+00  -.10000e+00  .12333e+01
11 .00000e+00  .64000e+00  .00000e+00 31 .00000e+00  .70000e+00  .96667e+00
12 .59372¢+00  .60000e+00  .00000e+00 32 .00000e+00  .70000e+00  .12333et+01
13 .29686e+00  .60000e+00  .55000e+00 33 .00000e+00  .00000e+00  .22000e+01
14 29686e+00  .64000e+00  .55000e+00 34 .00000e+00  .60000e+00  .22000e+01
15 .00000e+00  .60000e+00  .11000e+01 35 .12500e+01  .00000e+00  .22000e+01
16 .59372¢+00  .64000e+00  .11000e+01 36 .12500e+01  .60000e+00  .22000e+01
17 29686e+00  .60000e+00  .16500e+01 37 22561e+00  .00000e+00  .15180et+01
18  .29686e+00  .64000e+00  .16500e+01 38 22561e+00  .60000e+00  .15180et+01
19 .00000e+00  .64000e+00  .22000e+01 39 .59372¢+00  .30000e+00  .00000e+00
20 .59372¢+00  .60000e+00  .22000e+01 40  22561e+00  .30000e+00  .15180e+01
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Table 2 — Consistency between RFE and FEM nodes

ENR - number of RFE; KNR1, KNR?2 - starting and ending nodes RFE
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Table 3 — Fastening border nodes in the directions of the axes

(different for of both FEM)

KNR - number fastened node, (VX, VY, VZ) and (DX, DY, DZ) - directions of linear and angular fastening
KNR VX VY VZ DX DY Dz KNR VX VY VZ DX DY Dz
1 1 2 3 4 5 6 Distinctive additions to the construction «1TM/I-2.2»:
11 1 2 3 4 5 ¢ 29 1 2 - 4 5 6
23 - 2 3 4 5 ¢ 30 1 2 - 4 5 6
24 - 2 3 4 5 ¢ 31 1 2 - 4 5 6
25 - 2 3 4 5 ¢ 32 1 2 - 4 5 6
26 - 2 3 4 5 ¢
Table 4 — Accounting joints (same for both FEM)
ENR - RFE with a hinge; KNL - local node (1-initial,2-final) RFE; K7 - local degree of freedom
ENR KNLKZ | ENR KNILL KZ | ENR KNL KZ [ENR KNL K7 |ENR KNL KZ | ENR KNL KZ
1 1 5|2 1 6 1 5 |7 1 5 |35 1 4 120 2 5
11 1 5|12 1 5 16 1 5 17 1 5 9 2 5 |37 1 1
3 1 4|4 2 5 5 2 5 8 1 4 136 1 4 |38 1 1
13 2 4|14 2 5 15 2 5 18 2 4 119 2 5 139 1 1
10 2 5 |40 1 1
Table 5 — Nodal loading (the same for both FEM)
NUMM - node number of loading; (X, Y, Z) - coordinates of the node
NUMM X Y Z NUMM X Y Z
33 25e+03 .25¢+03 -0.375e+03 35 25e+03 25e+03 -0.375e+03
34 25e+03 25e+03 -0.375e+03 36 25e+03 25e+03 -0.375e+03
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3. Elastic displacement FEM nodes. So one finite eclement model corresponds falsework
«IMJI-2.2», and the other — on the basis of scaffolding «NNy», the widely used abroad. Rigidity was
calculated using computer complexes «Jlupa» and «Inventor» [5,6]. We find the elastic displacement
FEM nodes (Table 6, 7).

Table 6 — The elastic displacement nodes FEM «NN» (Fig. 1)

N - node number; (X, Y, 7) - directions of linear displacements

N X Y Z N X Y Z

1 0.0000E+00 0.0000E+00 0.0000E+00 21  6.4600E-05 2.3840E-04 -2.8052E-05
2 -1.0234E-04 1.7849E-06 -2.3637E-07 22 3.2241E-04 1.4912E-03 -5.2760E-05
3 -5.9553E-05 2.3843E-04 4.0525E-05 23 -1.0234E-04 0.0000E+00 0.0000E+00
4  -52743E-05 2.3845E-04 2.9854E-05 24 -1.0234E-04 0.0000E+00 0.0000E+00
5 3.1050E-04 8.5604E-04 2.3132E-04 25  3.4307E-04 0.0000E+00 0.0000E+00
6 -1.3055E-04 7.8744E-04 7.8712E-05 26 3.4307E-04  0.0000E+00 0.0000E+00
7 2.8027E-04 1.4911E-03 3.0043E-04 27 2.9320E-04 8.5604E-04 3.4050E-04
8 2.7255E-04 1.4911E-03 2.5638E-04 28 7.0005E-05 8.5560E-04 -2.8329E-04
9 7.0906E-04 2.2394E-03 5.3205E-04 29  2.9320E-04 7.1048E-04 3.4050E-04
10  4.1190E-04 2.5215E-03 1.7988E-04 30 2.9320E-04 1.0016E-03 3.4050E-04
11 0.0000E+00 0.0000E+00 0.0000E+00 31 7.0005E-05 7.0547E-04 -2.8329E-04
12 3.4307E-04 1.8228E-06 -2.6585E-06 32 7.0005E-05 1.0057E-03 -2.8329E-04
13 1.8459E-04 2.3834E-04 -9.3418E-05 33 6.9687E-04 2.2394E-03 4.7592E-04

Table 5 continued
14  1.9189E-04 2.3832E-04 -1.0620E-04 34 3.8460E-04 2.2395E-03 -3.6043E-04
15  4.2043E-05 8.5560E-04 -1.7069E-04 35 0.0000E+00 3.1708E-03 -2.7794E-04
16 5.6570E-04 7.7321E-04 -3.1045E-04 36 -3.6411E-04 3.1707E-03 -1.1211E-03
17 3.9519E-04 1.4913E-03 -3.6217E-04 37 2.5712E-04 1.3462E-03 2.6429E-04
18 3.9312E-04 1.4913E-03 -4.0622E-04 38 3.0751E-04 1.3460E-03 -3.1429E-04
19 3.7438E-04 2.2395E-03 -4.1700E-04 39 1.3962E-04 1.8322E-06 -1.6348E-05
20 8.7195E-04 2.5041E-03 -6.2232E-04 40 2.5703E-04 1.3461E-03 -4.5339E-06
Table 7 — The elastic displacement nodes KEM « IIM]I-2.2» (Fig. 1)
N - node number; (X, Y, 7) - directions of linear displacements

N X Y Z N X Y Z

1 0.0000E+00 0.0000E+00 0.0000E+00 21 1.1540E-05 1.9593E-06 -6.1919E-06
2 -9.6255E-05 -8.9390E-07 1.1116E-07 22 1.0626E-04 3.0529E-04 -7.2099E-05
3 -5.6460E-05 2.0043E-06 3.0490E-05 23 -9.6255E-05 0.0000E+00 0.0000E+00
4 -54738E-05 1.9998E-06 2.7127E-05 24 -9.6255E-05 0.0000E+00 0.0000E+00
5 6.5962E-06 2.0944E-06 6.7645E-05 25 1.5765E-04 0.0000E+00 0.0000E+00
6 -3.2745E-05 1.3027E-04 1.6295E-05 26 1.5765E-04 0.0000E+00 0.0000E+00
7 6.0637E-05 3.0516E-04 6.5380E-05 27 4.1895E-07 1.8194E-06 7.3721E-05
8 5.4355E-05 3.0512E-04 4.7616E-05 28 -1.6055E-07 1.6200E-06 -9.7723E-05
9 2.5147E-04 6.9941E-04 1.6871E-04 29 0.0000E+00 0.0000E+00 7.3721E-05
10 2.3535E-04 9.0925E-04 -5.1497E-05 30 0.0000E+00 0.0000E+00 7.3721E-05
11 0.0000E+00 0.0000E+00 0.0000E+00 31 0.0000E+00 0.0000E+00 -9.7723E-05
12 1.5765E-04 -8.5157E-07 - 1.4423E-06 32 0.0000E+00 0.0000E+00 -9.7723E-05
13 8.3699E-05 1.9188E-06 -4.3201E-05 33 24721E-04 6.9941E-04 1.4495E-04
14 8.7135E-05 1.9234E-06 -4.7589E-05 34 1.5032E-04 6.9949E-04 -2.0004E-04
15 -3.6498E-06 1.8649E-06 -9.1293E-05 35 0.0000E+00 1.5132E-03 -4.0588E-04
16 2.7793E-04 1.1183E-04 -1.5186E-04 36 -32172E-04 1.5131E-03 -7.8247E-04
17 1.7726E-04 3.0546E-04 -1.9097E-04 37 2.7848E-05 2.3852E-04 6.1272E-05
18 1.7573E-04 3.0549E-04 -2.0844E-04 38 1.2199E-04 2.3826E-04 -1.6035E-04
19 1.4788E-04 6.9949E-04 -2.2430E-04 39 4.8067E-05 -8.8614E-07 -1.5366E-05
20 52330E-04 8.9390E-04 -3.8043E-04 40 5.3820E-05 2.3840E-04 -3.0277E-05
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The most dangerous position when the operator's work at height - is its highest position of the working
arca. We find the linear the elastic displacements to the uppermost position of both structures. Consider
the ratios of the corresponding elastic displacements nodes FEM «NN» and FEM nodes «[IMJ-2.2»

(Table 7).

As seen from Table 8, the rigidity of the construction “IIM/I-2.2” as compared with the rigidity
construction based on the «NN» increased on average by at least twice, and lateral rigidity (OY — axis
displacement), and the addition of more. Thus, the introduction of an additional slider has markedly
upgraded rigidity of the structure as a whole. Based on these studies the authors have designed and built
an experimental model of construction falsework «[IM/I-2.2» with a lifting height of the working area up

to 4 meters (Figure 2).

Table 8 — Ratios of the corresponding elastic displacements nodes FEM «NN» and FEM nodes « IIMJI-2.2»

N - node number; (X, Y, Z) - the ratio of linear displacements on directions

N X Y Z N X Y Z

1 .000 .000 .000 - stationary rack 21 5.598 121.676 4.530

2 1.063 -1.997 -2.126 - a minus sign 22 3.034 4.885 732

indicates the reverse displacement on Y and 7 23 1.063 .000 .000 - displacement only by X

3 1.055  118.959 1.329 24 1.063 .000 .000 - displacement only by X
4 964 119.237 1.101 25 2.176 .000 .000 - displacement only by X
5 47073  408.728 3.420 26 2.176 .000 .000 - displacement only by X
6 3.987 6.045 4.830 27 699.845  470.507 4.619

7 4.622 4.886 4.595 28 -436.032  528.148 2.899

8 5.014 4.887 5.384 29 .000 .000 .000 - displacement only by Z
9 2.820 3.202 3.154 30 .000 .000 .000 - displacement only by Z
10 1.750 2773  -3.493 31 .000 .000 .000 - displacement only by 7
11 .000 .000 .000 - stationary rack 32 .000 .000 .000.- displacement only by Z
12 2,176 -2.141 1.843 33 2.819 3.202 3.283

13 2205 124213 2.162 34 2.559 3.202 1.802

14 2202 123.906 2.232 35 .000 .000 .000

15 -11.519 458791 1.870 36 1.132 2.095 1.433

16 2.035 6.914 2.044 37 9.233 5.644 4313

17 2.229 4.882 1.896 38 2.521 5.649 1.960

18 2.237 4.882 1.949 39 2.905 -2.068 1.064 - a minus sign indicates the
19 2.532 3.202 1.859 reverse displacement on Y
20 1.666 2.801 1.636 40 4.776 5.646 150

Figure 2 — Experimental sample «ITMJ1-2.2». In the upper and transport positions
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Conclusion. Calculations showed that the rigidity of the «IIMII-2.2» on average twice as much
rigidity «NN», and lateral rigidity even more. Thus, the introduction of an additional slider has markedly
upgraded rigidity of the structure as a whole.
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Pesiome

E. C. Temipberos
(AmMaThl TEXHOJIOTHAUIIBIK YHUBEpcHTETI, AMaThi0 Kazakcran)
K¥PbUIBIMJAAPBIHBIH KATAH/BIFBI JKAKCAPTBUIF AH TOCEHIIITEP

HropHOepr KaHmbLTaphl HETI3HACTI CYAOCICPAiH, KHHCMATHKAIBIK MapaMCTPIICPIHEG COMKCCTCHTCH TOCCHIIITED
cyadeci »xacamrad. Ocbl cyn0Oe 0a3achiHAa »KacaiFaH KypbUIMA 63iHIH KaTaHABIK KACHETTEpi *KOHIHEH HIOPHOEPT
KalIIBIIaphl HETI31HACT] TOCEHIIITEPACH achIn Tycedi. JKymbIciobl amanmacs! 4 merpre aeiin kerepinerin [IM/I-2,2
TOCCHIIIIHIH JKCICPHUMEHTTIK KYPBUIBIMBI skacanabl. HropHOEpr KaHImbsUiapbl HETi3iHACTI TeceHImTep Oamamacshl
[MMJ-2.2 TeccHImiHIH KYypHUTMACHIHBIH CANBICTRIPMANIBI TYPAC KATAHOBIK TAATAYBl JKOHC OCPIKTIK JKargaiibl
OcpinrcH.

ABTOD YCBHIHBUIBI OTBHIPFAH TOCCHIII KYPHIIMACBHIHBIH APTHIKIIBLUIBIFEIH KOPCETY YIUIH OHBIH Oamamacsl HiopH-
Oepr xaifmbutaps! Herizinae skacanraH [IMJI1-2,2 TeceHIm KypbHUIMACHIHBIH, CATBICTBIPMANBI TYPAC COHFBI HJIICMCHT-
TEp YATIiCiHIH KAaTAaHIBIK TaJJay bIH >KACAFaH.

Tipek ce3mep: TeceHIimTEpP, HIOPHOCPT KAMMIBLIAPHI, KATAHIBIK.
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E. C. Temupbexos
(AnMaTHHCKUH TEXHOJOTHUYECCKUH yHuBEpcHTET, AnMartsl, Kazaxcran)
MNOAMOCTH C YIVUILEHHOW XECTKOCTBIO KOHCTP VKLU

Pazpaborana cxema MOAMOCTEH, MPAKTHUCCKH COBMAJAIOINAS IO CBOMM KHHEMATHYCCKHM IAPaMETPaM Co
CXEMOH MOJIMOCTEH HAa OCHOBE «HIOPHOEPTCKHX HOXKHHID. KOHCTpykumm Ha 0a3e 3TOH CXEMBl IPEBOCXOTAT IO
CBOMM JKECTKOCTHBIM XapaKTCPUCTHKAM AHAJIOTHYHBIC KOHCTPYKIHMH HA 0a3e «HIOPHOCPICKUX HOXHHUI». Co3maHa
JKCICPUMCHTATBHAS KOHCTPYKIMA Takux moamocted — [IM/I-2.2, ¢ moapeMoM padoucH ITUIOMAAKH 10 4 MCTPOB.
JlaeTcd CpaBHUTENBHBI AHANMH3 JKECTKOCTH M YCIOBHH HA YCTOMYMBOCTBH KOHCTpykimi — [IMJI-2.2 u aHanora Ha
0a3c «HIOPHOCPTCKHUX HOKHUID.

3a pyOe)oM IHMPOKO MPHMEHSIOTCS IMAPHUPHO-PHMAKHBIC ITOJMOCTH, MMCIOIIHEC B CBOCH KHHEMATHYCCKOH
OCHOBE «HIOPHOCPICKHE HOXKHHIBD». ABTOpPOM pa3pab0OTaHAa KHHEMATHYECKAs CXEMa, KOTOpas IO CBOMM
JKECTKOCTHBIM XapaKTCPUCTHKAM JIyUIEC KHHEMATHUCCKOH CXEMbl «HIOPHOEpPICKhe HOXKHHUIBDy. O0magas BCceMH
JOCTOMHCTBAMH «HIOPHOCPICKHE HOKHHIBI», 3TA CXEMa HMMEET IOBBIMICHHYIO «IPOJOIBHYIO» H «OOKOBYIO»
JKECTKOCTB 34 CUCT BBEACHHSA JOMOJHUTECIBHON MOI3YHHOH MAPBI, PACTIONOKCHHON HA JOMOTHUTEIBHO BBEACHHOU
BEPTHKATBHON HANPABILIOLICH cTOMKe. Ha 3T0 MHXKEHEpHOE pelIcHHE MOAMOCTEH aBTOPOM IMOTIYYCHBI HECKOJBKO
marcHToB PecnyOnmkn Ka3zaxcTan Ha MOJNIC3HYFO MOJACTH M MPOMBIILICHHBIH o0Opasew. 11 moxa3a mpeuMyInecTsa
pa3paboTaHHOW aBTOPOM CXEMbI HMOAMOCTEH JACTCS CPABHHUTCIBHBIN >KECTKOCTHOH AHAIM3 KOHEYHO-3JEMCHTHBIX
MoIeIeH KOHCTpy K moamocteit [IM/1-2.2 u ux anasiora Ha 6a3e «HH».

KioueBnbie cioBa: moaMoCTH, HIOPHOESPICKHAE HOSKHHIBL, JKECTKOCTb.

Hocmynuna 10.03.2014a.
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