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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 ),( yxfz  ) 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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ОПРЕДЕЛЯНЕ НА ВЪНШНИТЕ РЕАКЦИИ НА 3-D СТРУКТУРА, ПОД ДЕЙСТВИЕТО НА ПРИЛОЖЕНИ ТОВАРИ СЪС 
СЛОЖНА КОНФИГУРИРАЦИЯ 
Асен Стоянов 

Минно-геоложки университет "Св. Иван Рилски", 1700 София  

 
РЕЗЮМЕ. Статията предлага числено решение с MathCAD 15. Решението определя прътовите усилия в пръти, които подпират  хомогенна плоча. Върху 
нея лежи хомогенно тяло, натоварено едностранно с вятър. Понякога рутинни и трудоемки пресмятания усложняват изчисленият процес. В показаното 
изследване, трудностите поизтичат от сложната пространствена конфигурация на хомогенното тяло. Те влияят както за определяне обема (невъзможно 

точено двойно интегриране на сложна функционална зависимост ),( yxfz  ) на тялото, така и за определяне повърхнината („сянката” на тялото върху 

равнината Oxz ) натоварена от вятър. Изследването демонстрира приложението на числените методи в механиката, а също и пространствената 

визуализация на сложни функционални зависимости. 
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Calculation of 3D structure through the package 
MathCAD 
 

The three dimensional structure is shown in Fig.1. It is 
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 ),( yxfz  – 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:  
 

;6;3;5,3 mcmbma  ;/4;/3 32 mkNqmkNw 

;2,0;/8,6 3 mhmkNg 

).2sin(..5,02]).8,0sin[(.),( 2 yyxyyxfz  . 

 
The following symbols are used: 

 handba,  – Dimensions of the plate; 

 ),(, yxfzandba   – Dimensions of the body – 

see Figures 1 and 2. 
 

 

Fig. 1. Calculation scheme 
 

 w  – Intensity of a wind load – see Fig.1; 

 q  – Volumetric weight of the homogeneous body; 

Q q c 10  
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 g  – Volumetric weight of the homogeneous plate; 

 pe   – Unit vector in the “p” direction – see Fig.3. 

The functional dependence ),( yxfz   is illustrated 

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

 

 

Fig. 2. 3G graphics of the function 

).2sin(..5,02]).8,0sin[(. 2 yyxyz   

 

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 plG  and the centre of 

gravity plC  of the plate are determined – see Figures 

2 and 3.  

2) Determination of the body’s volume bV  – see Figures 

1, 3 and 6; 

3) Determination of the body’s weight bG  – see Figures 2 

and 3; 
4) Determination of the body’s centre of gravity 

);( cbcbb yxC  – see 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 wP  

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. 
 

 

Fig. 4. Projection of the body over the plane Oxz   
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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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Fig. 6. Determining the external reactions and their verification  
 

Conclusion 

 
The contemporary teaching of mechanics in the 

universities is related to using the most advanced 
mathematical packages such as MatLab, MathCAD, MuPAD 
and others, (Bertyaev, 2005; Doev et al., 2016; Ivanov, 2015; 
Stoyanov, 2016). In this case, the presented study is a 
continuation of the ideas published in the works (Ivanov et al., 
2017; Stoyanov, 2017), where all calculations are made by 
using mathematical packages. 

The traditional solution of the problem, solved in this paper, 

is related to some difficulties. The volume of the body bV  

cannot be defined directly. In this case, it is necessary a 
function of two variables to be numerically integrated. But this 
action is associated with a large volume of calculations when it 
is executed by hand. The problems associated with deter-

mining the body shadow area on the plane Oxz are similar. 

These difficulties are easily overcome by using the 
mathematical package MathCAD. In this case, the programme 
MathCAD can be used to check the problem solved in the 
traditional way. 

We have a similar problem in the determination of the 
stability of excavators during their operation when a large piece 
of ore is loaded and the centre of gravity of the bucket has to 
be found (Minin, 2013). 

The paper demonstrates a fast solution and excellent 
graphical visualisation - see (Bertyaev, 2005; Doev et al., 
2016; Ivanov, 2017; Stoyanov, 2017). 
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