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DETERMINATION OF A 3D STRUCTURE’S EXTERNAL REACTIONS UNDER THE
ACTION OF APPLIED LOADS WITH COMPLEX CONFIGURATION
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ABSTRACT. In this paper a numerical solution is suggested by using the package MathCAD 15. The solution determines the rods’ force reactions, which support the
homogeneous plate. A homogeneous body, which is loaded unilaterally with wind pressure, is lying on this plate. Sometimes routine and labour-intensive calculations
complicate the calculated process. The research shows that the difficulties are due to the complicated spatial configuration of the homogeneous body. They influence

both the determination of the body’s volume (impossible accurate dual integration of complicated functional dependence z = f (X, y) ) and the determination of the

surface (the "shadow" of the body over the plane Oxz) loaded with wind. The study demonstrates the application of the numerical methods in mechanics and the
spatial visualisation of complicated functional dependencies.
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OMPEOENSAHE HA BbHLUHUTE PEAKLIUW HA 3-D CTPYKTYPA, NOA AEMCTBUETO HA NPUNOXEHN TOBAPU CbC
CNOXXHA KOHOUTYPUPALINA

Acex CmosiHos

Murto-2eonoxku yHusepcumem "Ca. MeaH Puncku”, 1700 Cogpus

PE3IOME. Cratusta npegnara uncneHo pewenve ¢ MathCAD 15. Pelenneto onpefens NpbToBUTE YCUNNS B NPbTH, KOUTO MOAMMPAT XOMOreHHa nnova. Bbpxy
Hes NeX1 XOMOreHHO TANO, HaTOBAPEHO eAHOCTPAHHO C BATBLP. [MOHAKOra PYTUHHI W TPYAOEMKM NPECMSTaHUS YCMOXHABAT M3UNCIIEHNAT npovec. B nokasaHoTo
n3cnefBaxe, TPYAHOCTATE MOM3TAYAT OT CrOXKHATa MPOCTPAHCTBEHA KOH(UIypaLms Ha XOMOTeHHOTO TAno. Te BMWSAT KakTo 3a onpefensHe obema (HeBb3MOXHO

TOYEHO [BOVHO MHTErpUpaHe Ha crioxHa (yHKumoHanHa sasucumoct Z = T (X, Y) ) Ha TanoTo, Taka 1 3a onpedensHe NoBbPXHUHATA (,CSHKATA” Ha TANIOTO BbPXY

paBHMHATa OXZ) HatoBapeHa OT BATHP. V3cnepgBaHeTo OEMOHCTPUPA NPUNOXEHNETO Ha YUCNEHUTE METOAM B MexXaHukaTa, a CblOo W NpPoCTpaHCTBeHaTa
BU3yanuaauma Ha CINoXHU (byHKL[VIOHal'IHVI 3aBUCUMOCTH.

KntoyoBm gymu: LeHTHp Ha TexectTa, 3D cTpykTypa, noBbpXHOCTeH yyacTbk, MathCAD

Calculation of 3D structure through the package e a,b and z=f(x,y) - Dimensions of the body —
MathCAD see Figures 1 and 2.
The three dimensional structure is shown in Fig.1. It is ‘Z

supported by six rods anchored with ball-and-socket ‘
connections at points A, B and C. The rods are loaded with the
weights of homogeneous plate and body as well as the wind.

The load from a body is unevenly distributed over the
surface of the plate according to the law z = f (X, y) - see
Figures 1. 2 and 3. The wind direction is the same as the axis y
- see Figures 1 and 2.

The input data for the problem are as follows:

a=35m; b=3m;c=6m; w=3kN/m?; q=4kN/m?®;
g=68kN/m*; h=02m;
z=f(x,y)=y.sin[(0,8.x)?]+2+0,5.y.sin(2.y) .

Fig. 1. Calculation scheme

The following symbols are used:

e a,b and h - Dimensions of the plate; o W —lIntensity of a wind load - see Fig. ;
o { - Volumetric weight of the homogeneous body;
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e J - Volumetric weight of the homogeneous plate;

e €, —Unit vector in the “p” direction — see Fig.3.
The functional dependence z = f(X,y) is illustrated

graphically in Fig.2.
All reactions in the support rods are determined.

Fig. 2. 3G graphics of the function
z = y.sin[(0,8.x)*]+ 2+ 0,5.y.sin(2.y)

A similar problem is published in Doev and Doronin study
(2016), but this article complements and expands the solution.

Algorithm of the solution:

1) Data introduction. The weight Ep. and the centre of
gravity C, of the plate are determined — see Figures

2and 3.
2) Determination of the body’s volume V, - see Figures

1, 3and 6;

3)  Determination of the body’s weight Gy — see Figures 2
and 3;

4) Determination of the body’s centre of gravity
Cy (X3 Yoo ) — Se€ Figures 2. and 3;

5)  Graphic visualisation with MathCAD of the projection
(or “shadow”) of the body over the coordinate plane
Oxz - see Fig.3;

6) Determination of the equivalent concentrated load EV;

over the body, which is subjected to the distributed load
from the wind, as well as the centre of gravity of the
loaded area — see Figures 2 and 3;

7)  Determination of the external reactions of the supported
plate;

8)  Checking the solution.

Fig. 3. External reactions of the supported plate loaded with concentrated forces which are equivalent to the distributed loads

The projection of the body (or “shadow”) over the plane
Oxz is graphically visualised in Fig.4.

The input data, boundaries of amendment, as well as the
variable steps, are introduced in Fig.5.

On the same figure, the weights of the plate and body, as
well as the gravity body centres and projections over the
plane Oxz , are determined.

The determination of the external plate reactions, as well
as their verifications, are shown in Fig.6.
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Fig. 4. Projection of the body over the plane Oxz
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a=35 b=3 ¢c=6 w=3 q=4 g=68 hi=02
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Fig. 5. Determination of the body gravity centre and the wind loaded area centre as well as the analytical expressions of
trigonometric functions and matrix A
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0 -37.06
—Pw -35.9
Gb + Gpl ] 37.776
B:= S:=A B S=
Gpl-.5-b + Gb-ycb + Pw-zcw —41.149
—(.5-a-Gpl + Gb-xcb) -7.12
B —Pw-xcw | -86.282
0 0 37.776-c
Sl:= 0 S2:=|-359-cd S3 = 0
37.06 35.9-sd -37.776-sa
—41.149-sv-s3 0 0
S4 :=| —41.149-¢cy-s3 S5:=( 0 S6 = 0
41.149-cf3 7.12 86.282
0 0 0
Gpl := Gb:= 0 Pw:= | 32.37
-14.28 -148.291 0
s7-sf3 0.463
ep:=| cy-sp ep=| 0.396
-3 -0.793
ep-(S1 + S2 + S3 + S4 + S5 + S6 + Gpl + Gb + Pw) = —1.153 x 10 °
Fig. 6. Determining the external reactions and their verification
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