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Abstract. Building structures are very diverse in their purpose and application. The reliability 

and safety of their operation depends on many factors: geometric dimensions, materials used, acting 

external loads and their combinations, etc. All these parameters determine the internal forces, stresses 

and strains that arise in structures, which determine their strength, rigidity and stability. In order to 

ensure the strength, rigidity and stability of buildings and their structural elements, appropriate 

calculations are performed. In the field of the theory of calculation of building structures, there is a 

constant refinement of the actual work of these structures, i.e. such design schemes are created that 

most accurately correspond to the actual operating conditions. The more optimally the design scheme 

is drawn up, the less time-consuming will be the stages of calculation and design of the corresponding 

structure. Therefore, the solution of the problem of optimization of design schemes is of great 

scientific and practical importance. One of the existing approaches to finding optimal solutions is 

discussed in the course "Operations Research". Operations Research deals with the development and 

application of methods for finding optimal solutions based on mathematical modeling. The operation 

model is an analytical dependence of the objective function on dependent (controlled) variables, 

which, within certain limits, we can choose at our discretion and set the range of their change. Solver 

is a Microsoft Excel add-in that can be used in Structural Analysis problems.With its help, you can 

find the optimal value (maximum or minimum) of the formula contained in one cell, called the target, 

taking into account restrictions on variable values in other cells. Simply put, with the Solver add-in, 

you can determine the maximum or minimum value of one cell by changing other cells. Most often, 

the add-on "Search for a solution" is used in solving optimization problems of the economy (simplex 

method, transport problem, etc. There are practically no results of using this approach in the 

calculations of building structures. 
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Анотація. Будівельні конструкції дуже різноманітні за своїм призначенням та 

застосуванням. Надійність та безпека їхньої роботи залежить від багатьох факторів: 

геометричних розмірів, використовуваних матеріалів, діючих зовнішніх навантажень та їх 

поєднань тощо. Всі ці параметри визначають внутрішні зусилля, напруги і деформації, що 

виникають в конструкціях, що визначають їх міцність, жорсткість і стійкість. Для того щоб 

забезпечити міцність, жорсткість та стійкість будівель та їх конструктивних елементів, 

виконуються відповідні розрахунки. У теорії теорії розрахунку будівельних конструкцій йде 

постійне уточнення дійсної роботи цих конструкцій, тобто. створюються такі розрахункові 

схеми, які найточніше відповідають реальним умовам експлуатації. Чим оптимальніше 

складено розрахункову схему, тим менш трудомісткими будуть етапи розрахунку та 

конструювання відповідної конструкції. Тому, вирішення завдання оптимізації розрахункових 
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схем має величезне наукове та практичне значення. Один із існуючих підходів пошуку 

оптимальних рішень розглядається в курсі "Дослідження операцій". "Дослідження операцій" 

займається розробкою та застосуванням методів пошуку оптимальних рішень на основі 

математичного моделювання. Модель операції є аналітичну залежність цільової функції від 

залежних (керованих) змінних, які у певних межах ми можемо вибирати на власний розсуд і 

встановлювати діапазон їх зміни. "Пошук рішення" ‒ це надбудова для Microsoft Excel, яку 

можна використовувати в розрахунках будівельних конструкцій.З її допомогою можна знайти 

оптимальне значення (максимум або мінімум) формули, що міститься в одному осередку, що 

називається цільовим, з урахуванням обмежень на змінні значення в інших осередках. 

Простіше кажучи, за допомогою надбудови "Пошук рішення" можна визначити максимальне 

або мінімальне значення однієї комірки, змінюючи інші комірки. Найчастіше надбудова 

"Пошук рішення" використовується під час вирішення оптимізаційних завдань економіки 

(симплексний метод, транспортне завдання тощо. Практично відсутні результати використання 

такого підходу при розрахунках будівельних конструкцій. 

Ключові слова: розрахункова схема, лінія впливу, пошук рішень. 
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 INTRODUCTION 1

Building structures are very diverse in their purpose and application. The reliability and 

safety of their operation depends on many factors: geometric dimensions, materials used, 

acting external loads and their combinations, etc. All these parameters determine the internal 

forces, stresses and strains that arise in structures, which determine their strength, rigidity and 

stability. In order to ensure the strength, rigidity and stability of buildings and their structural 

elements, appropriate calculations are performed. 

In the field of the theory of calculation of building structures, there is a constant 

refinement of the actual work of these structures, i.e. such design schemes are created that 

most accurately correspond to the actual operating conditions. In solving these problems, a 

huge role belongs to the introduction of an electronic computer. 

The discipline "Operations Research" deals with the development and application of 

methods for finding optimal solutions based on mathematical modeling. 

The operation model is an analytical dependence of the objective function on dependent 

(controlled) variables, which, within certain limits, we can choose at our discretion and set the 

range of their change. Drawing up an operation model requires a deep understanding of the 

essence of the described phenomenon and knowledge of the mathematical apparatus. 

The goal is to quantitatively substantiate the decisions made [1], and the effectiveness of 

the operation is quantified by the numerical value of the objective function. 

Among the models used in the "Operations Research" it should be noted first of all a 

large class of optimization models. In general terms, the optimization problem can be 

formulated as follows: to find such values of controlled variables that satisfy the system of 

inequalities (restrictions) and turn the objective function into a maximum (or minimum). 

If the objective function is linear, and the variables in the constraint system are also 

linear, then such a problem is a linear programming problem. Of all the known methods of 

mathematical programming, the most common and developed is linear programming [1‒3]. 

"Search for a solution" is a Microsoft Excel add-in that can be used to solve optimization 

problems. Simply put, using the Solver add-in, you can determine the maximum or minimum 

value of one cell by changing other cells. 

2 ANALYSIS OF LITERATURE DATA AND STATEMENT OF THE 

PROBLEM 

Most often, the add-in "Search for a solution" is used in solving optimization problems of 

the economy (simplex method, transport problem, etc.). There are practically no results of 

using this approach in the calculations of building structures [4, 5]. 

3 PURPOSE AND OBJECTIVES OF THE RESEARCH 

In this article, an attempt is made to show the feasibility of using the "Search for 

Solutions" at the stage of choosing the optimal parameters of the design design scheme. 

4 RESULTS OF RESEARCH 

Consider the simplest building structure. 
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Fig.1. Calculation scheme and the line of influence of the bending moment 

To illustrate the idea of the proposed approach, a simple statically determinate beam was 

deliberately chosen (Fig. 1). This is done so that the idea of the proposed approach is not lost 

due to the complexity and cumbersomeness of the calculations. 

Let us be interested in the section "k" of the structure under consideration. The line of 

influence of the bending moment in this section was constructed using traditional methods of 

structural mechanics (Fig. 1) [6‒10]. 

Possible options for loading the structure are shown in Fig. 2 (selected arbitrarily). 

 
Fig. 2. Loading options for the structure 

As an optimality criterion, we choose the value of the bending moment in the section "k". 

In the course of structural mechanics, a formula is known for determining the numerical 

value of the generalized internal force factor F along the corresponding line of influence: 

tani i i i i iF q w Py M      .  (1) 

In our case, formula (1) will look like: 

1 1 2 3 4 5 6 2 1 2

3 3 4 4 5 5 1 1 2 2 3 3 4 4

( ) ( )

.

kM q w w w w w w q w w

q w q w q w P y P y P y P y

        

     
  (2) 
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Let us determine the areas of the corresponding sections and the ordinates of the line of 

influence: 

1 2 3

4 5 6

1 2 3 4

(1 0.5) 0.5 1 0.5 1
1 0.75; 0.25; 0.25;

2 2 2

0.5 1 1.5 0.75 (0.75 1.5)
0.25; 0.5625; 1.5 1.6875;

2 2 2

0.75; 0.5; 0.5; 1.5.

w w w

w w w

y y y y

  
          

  
          

     

  

In further calculations, we will consider the bending moment positive if it stretches the 

lower fibers. 

Then the objective function will look like: 

1 2 3 4 5 1 2 3 42.75 0.25 0.25 0.5625 0.75 0.5 0.5 1.5kM q q q q q P P P P          . 

Conventionally, we will consider q1 and P3 as a constant load, and the rest of the load as 

a temporary one. 

Table 1 
Range of change of the distributed load 

q1, kH/m q2, kH/m q3, kH/m q4, kH/m q5, kH/m 

max min max min max min max min max min 

30 30 20 0 40 0 40 0 30 0 

 

Table 2 

Concentrated Force Range 

P1, kH P2, kH P3, kH P4, kH 

max min max min max min max min 

100 0 50 0 150 150 80 0 

 

Table 3 

Restriction system 

q1 0 0 0 0 0 0 0 0 = 30 

0 q2 0 0 0 0 0 0 0 ≤ 20 

0 0 q3 0 0 0 0 0 0 ≤ 40 

0 0 0 q4 0 0 0 0 0 ≤ 40 

0 0 0 0 q5 0 0 0 0 ≤ 30 

0 0 0 0 0 P1 0 0 0 ≤ 100 

0 0 0 0 0 0 P2 0 0 ≤ 50 

0 0 0 0 0 0 0 P3 0 = 150 

0 0 0 0 0 0 0 0 P4 ≤ 80 

The ranges of changes in the external load and the selected system of restrictions are 

entered in the table of parameters for the search for solutions (Fig. 3). 
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Fig. 3. Solution search parameters for finding Мk, max 

5 DISCUSSION OF RESEARCH RESULTS 

The calculation results are shown in Fig. 4. 

 

Fig. 4. Numerical values of controlled variables and objective function 

The value of the objective function corresponds to the value of the maximum bending 

moment in the section "k" (Mk=132.5 kNm). Since the value is positive, the lower fibers of 

the cross section will be stretched. If the results of the calculation are presented graphically, 

then we obtain the calculation scheme shown in Fig. 5. 

 

Fig. 5. External load combinations corresponding to Мk, max 

Similarly, the combination of external load is determined, at which the bending moment 

in the section "k" will be minimal (Fig. 6). 
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Fig. 6. Numerical values of controlled variables and objective function 

The value of the objective function corresponds to the value of the minimum bending 

moment in the section "k" (Mk=-144.375 kNm). Since the value is now negative, the top 

fibers of the cross section will be stretched. If the results of the calculation are presented 

graphically, then we obtain the calculation scheme shown in Fig. 7. 

 

Fig. 7. External load combinations corresponding to Мk, min 
 

6 CONCLUSIONS 

Thus, this article shows the possibility and expediency of using the "Search for 

Solutions" add-on at the stage of choosing the optimal parameters of the design design 

scheme. After the calculation scheme is determined, more powerful conventional means of 

calculating building structures can be involved for its complete calculation. 
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