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INTRODUCTION 

 

Structural mechanics is one of the most important disciplines which makes the 

foundations of the future specialist of the civil engineering in the field of structural 

calculation and their elements for strength, stiffness and durability of machines and 

structures. 

The course of Structural mechanics is studied by students after learning the 

courses of higher mathematics. 

For the design of structures, it is necessary to learn the theoretical and practical 

methods of their calculation, which ensure the reliability of the structure, and its cost-

effectiveness. In the conditions of exploitation of structures there is a constant 

problem of their calculation for high loads. Such calculations and knowledge can be 

obtained by studying the course Structural mechanics. 

When acquiring a course on Structural mechanics, the most effective method is 

the students independent solving problems and control tasks. It contain theoretical 

statements and variants of problems for control work and an example of its 

application.  

Each student is given out a problem to perform the calculation and graphical 

work, and in order to eliminate possible questions when performing home control 

work, practical classes are held to analyses the basic positions of homework. 

After receiving a note on the supervisory work, the student must correct the 

mistakes indicated by the teacher, make the necessary corrections, even if the work 

has been approved. 

If the work is not approved, correct the same or in a separate drawing and 

resubmit the work for reconsideration. Independence in the execution of calculated 

and graphical work is of paramount importance for mastering program material. 

Detailed instructions for completing and design of the problem are given below. 
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1 FORMATION OF CALCULATION AND GRAPHICAL WORK 

 

1. Work is executed on sheets of standard A4 format. 

2. The cover is made of dense paper for drawing. On the title page there 

should be the name and number of the calculation and graphic problem, name of the 

discipline, last name, first name of the student, his variant, the name of the faculty, 

the group, the surname and initials of the teacher. 

3. The solution of each problem should begin with the indication of its 

number, names, writing down complete problem task, numerical output data and 

draw calculation scheme. 

4. The solution to the problem should be accompanied by short 

explanations, drawings and sketches. 

5. Drawings and graphs are executed necessarily on a certain scale. In the 

drawings one must indicate the letter designation and numerical values of all values 

used in the calculations. 

6. When solving the problem, you must first obtain the result in algebraic 

form, and then substitute the corresponding numerical values. The results obtained in 

numerical form should be indicated and units of measurement must be specified. 
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2 OUTPUT DATA AND PROBLEM TO WORK 

 

The initial data for the problem should be taken from tables 1–2 and                   

Figure 1–3. Specific numerical tasks for each control work the student chooses 

himself from the tables in accordance with his personal cipher on the last three digits 

of the number of the gradebook. For example, record book № 81135 educational 

cipher, 135: 1 – being first, 3 – second, 5 – third digit of code. 

To perform task 1, you must use the rod scheme from figure 1 and the 

numerical data of table 1. In the problem it is necessary to calculate longitudinal 

forces in a given panel by rational methods. 

To perform task 2 it is necessary to consider the system in figure 2–3 with the 

numerical data of table 2. For given three-hinged arch, it is necessary to for a point 

(at d=l/4 distance from the left support) to calculate of bending moments, shear and 

longitudinal forces. 

 
 

Table 1 – Initial data for task 1 

Initial 

number 

cipher’s 

 

ℓ, 

m 

 

 

h, 

m 

 

Number 

panelm 

(leftward) 

Second 

number 

cipher’s 

F1,  

kN 

F2,  

kN 

F3,  

kN 

F4,  

kN 

Third 

number 

cipher's 

Number 

scheme 

1 21 4 2 1 20 11 25 10 1 2 

2 18 3 3 2 15 12 20 15 2 3 

3 30 6 4 3 35 13 30 20 3 4 

4 15 4 5 4 40 14 10 25 4 2 

5 21 5 2 5 25 15 25 30 5 3 

6 24 6 3 6 15 16 20 10 6 4 

7 20 3 4 7 10 17 70 15 7 2 

8 22 4 5 8 40 18 25 20 8 3 

9 26 5 2 9 25 19 65 25 9 4 

0 28 6 3 0 15 20 25 30 0 2 
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h

F2

l/6

F3

F4

F11

 

h

l/6

F2

F3

F4

F12

 

l/6

h

F2

F3

F1

F4

3

 

hl/6

F4

F3

F2

F14

 

h
\2

l/6

h
\2

F2

F3

F4

F1

5

 

h
\2

l/6

h
\2

F2

F3

F4

F1

6

 

h

l/6

h
\4

F2 F3

F1

F4

7

 

l/6

h

F2

F3

F1

F4

8

 

h

F2

l/6

h
\2

F3F1

F4

9

 

l/6

h

h
\2

F2

F3

F1

F4

0

 

Figure 1 – Scheme for task 1 
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Table 2 – Initial data for task 2 

Initial 

number 

cipher’s 

 

q1 

kN/m 

 

q2 

kN/m 

F,  

kN 

Second 

number 

cipher’s 

 

l,m 

 

 

 
 

 

f/l 

 

Third 

number 

cipher’s 

Outline of the 

arch 

1 10 0 60 1 26 0,2 0,31 1 Parabolic  

2 0 15 40 2 34 0,25 0,32 2 Circular  

3 20 0 70 3 18 0,3 0,33 3 Semi ellipse 

4 0 25 80 4 28 0,35 0,34 4 Sinusoidal  

5 30 0 60 5 20 0,4 0,35 5 Parabolic  

6 0 35 40 6 32 0,45 0,36 6 Circular  

7 40 0 70 7 22 0,5 0,37 7 Semi ellipse 

8 0 45 80 8 16 0,55 0,38 8 Sinusoidal  

9 50 0 90 9 14 0,6 0,39 9 Parabolic  

0 0 55 40 0 24 0,65 0,4 0 Circular  

 

L 
αl 

αl /2

q1 q2

 
 

Figure 2 – Load for task 1 
 

 

Figure 3 – Scheme for task 2 

l 

F 
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The main calculated formulas for determining the geometric and trigonometric 

characteristics of arches different shapes. 

Parabolic arch: 

)(
4

2
xlx

l

f
y  ; )2(

4
2

xl
l

f
tg    sin ; cos . 

Circular Arch: 

f

lf
r

82

2

 ; ;
2

2

2 frx
l

ry 







  .cos;

2/
sin  




r

xl
 

Ellipse Arch: 

)(
2

xlx
l

f
y  ; 

)(

2

xlx

xl

l

f
tg




    sin ; cos . 

Sinusoidal Arch: 

l

x
fy


sin ; 

l

x

l

f
tg


 cos    sin ; cos . 
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3 EXAMPLES OF CALCULATIONS 

 

Problem  № 1 

Output data. 

Make the calculation of the truss shown in Figure 4 at constant load 

,m/кНq 12  F1 = F4 = 6 kN, F2 = F3 = 12 kN, choose panel № 5. 

Solution: 

 

 
 

Support’s reactions: 

0632 432   dRdFdFdFM BA ; 

9
36

3363212312

6

32 432 








d

dFdFdF
RB

; 

  063456 4321 dRdFdFdFdFM AB ; 

;27
36

33634123512366

6

3456 4321











d

dFdFdFdF
RA

 

Check: .06121269274321  FFFFRRy BA  

We number the joints and truss rods. The first is to appoint a pinned joint 

support, the second – a sliding joint. The other joints are numbered in an arbitrary – 

1F  
2F  

3F  4F  

3 

4 
5 6 7 

8 
9 

1 
10 11 12 13 14 

2 

BR  AR  

мd 3  

мh 22/   

мh 22/   

мdl 186   

A  B  

    

Figure 4 – Task 1 

  1 
2 

3 4 
5 

6 

7 8 9 10 11 12 

13 14 
15 16 

17 18 
19 20 

21 22 

23 

24 25 
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preferably logical – sequence. The truss rods are numbered in any order. The 

numbers of the rods in Figure 4 are given in circles. 

We calculate the trigonometric functions of the angles of the rods inclination: 

from triangle 1-4-10:  

;450  707,0cossin   ; 

from triangle 6-11-12: 

8,0
34

4
sin

22
116

226 







l

l
 ; 6,0

34

3
cos

22
116

1211 







l

l
 ; 

from the triangle constrained by the rod 2 and its projections on the horizontal and 

vertical axes we obtain: 

;316,0
31

1
sin

22



  949,0

31

3
cos

22



 . 

Calculate the efforts in the given panel № 5. 

Draw a section 1-1 (Fig. 4) and consider the right side of the truss (Fig. 5). 

Efforts in the rods 12-13 rationally determine the method of moments, since 

the other two cut rods 5-6 and 6-12 intersect at point 6. This point is moment point 

for the rods 12-13, therefore, we have: 

   ,0131213126 hNdRM B  

where the arm of rod 1312N  is 
12 13

/ 2 4 2
3

2 2

h h
h m



 
   . 

Now you can calculate the search force: 

.9
3

39

1312

1312 









h

dR
N B  

To determine the force in the rod 17 we find the point of intersection of the 

other two cut rods (5 and 11). This is point C. So, again, we use the method of 

moments 

  .01717 hNcRM BC  

The distance to the moment point is determined from the similarity of triangles 

7-13-C and 2-9-C: 
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;
2/

2

h

c

h

dc



 ;

2
)2( hc

h
dc   .6322

2/
мd

h

hd
c 


  

The arm effort is determined from triangle 13-C-D: 

.48,8707,0)326(sin)2(17 мdch    

Now the effort is search: .37,6
48,8

69

17

126 






h

cR
N B  

Similarly, using moment point 13, we determine the force 5N  : 

  ;02 5513 hNdRM B  

;80,3949,04cos5 мhh    

.21,14
8,3

3292

5

5 






h

dR
N B  

The forces in vertical rods 23 and 24 are determined from the equilibrium of 

joints 7 and 14, respectively. This was done when calculating the effort of the method 

isolation of joints. 

 

 
 

 

2 

9 8 

14 
13 

7 

BR  

  C  

c  d  d  

h  

2/h  

5N  

17N  

11N  

Figure 5 – Section 1-1 

  

17h  

D  

090  

090  

K  
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Problem  № 2 

Output data. 

For the arch, in Figure 6 to calculate of bending moments, shear and 

longitudinal forces from the given load at the points K (distance from the left support 

2 m). 

Solution. 

Determine the reactions of supports. 

Vertical reactions: 

014105,37;0   BA VFqM , 

;29,11
14

1065,374
kHVB 


  

,01445,107   AB VFqM  

.71,22
14

465,1074
kHVA 


  

Check vertical reactions: 

  .067429,1171,227 FqVVy BA  

To determine the thrust we use the equation of equilibrium bending moment 

about the hinge C: 

 
лів

AC HVqM ,0475,37  

.24,15
4

771,225,374
kHH 


  

Check the calculated value of the thrust: 

 
пр

BC VHFM .007,0729,11424,1536743  

Determine the radius of the arc of the circle on which the delineated arch axis: 

.125,8
48

14

2

4

82

22

м
f

lf
r 
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Take cross sections to determine internal forces. Required are sections at the 

points K (Fig. 6, а). 

Further calculations are performed write the coordinates x of the assigned 

points, for example, for point 1 we have 22 x  m. 

Calculated 
r

x
l


 2sin  ,  for  point K we get 
125,8

27
sin


 = 0,615. Value 

cos  calculated any known way, for example, for point K we get 098,37arcsin   

and, following 788,098,37cos 0  . C calculated ordinate points of the arch axis by the 

formula 

frx
l

ry 









2

2

2
. 

So, for point K we get   4125,827125,8
22 y =2,28 m. 

Beams efforts 0M  and 0Q  determine from beam calculation (Fig. 6, b). So , for 

section K we get:  

42,37124271,221220  qVM A
kNm; 

71,142471,2220  qVQ A kN. 

In the next columns, the values of internal forces in the arch are calculated. 

Сalculated value yH  , for section K we get 75,3428,224,15  кНм. Has the 

resulting moments yHMM  0 , for section K is 67,275,3442,37 M kNm.  

Calculated product cos0 Q . For point K is 59,11788,071,14  kN. Contains 

sinH . The value for point K is 37,9615,024,15  kN. The values of the shear 

forces in the arch sections are calculated in column 13 –  sincos0 HQQ  . For 

section K we get 27,237,959,11 Q кН. 
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For longitudinal forces. For section K is  

05,9615,071,14sin0 Q ; 

01,12788,024,15cos H  

and 

00,21)01,1205,9()cossin( 0   HQN kN. 

 

 

 

Figure 6 – Task 2 
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4 CRITERIA FOR THE EVALUATION OF CALCULATION WORK 

 

According to the Calculation and Graphic Work (CGW) a student gets 

maximum mark, if completed within the time limit (3 weeks from the moment of 

giving a problem), using computer technology, is executed carefully, contains an 

analysis of the given results. 

In the case of executing CGW without the use of a computer or a delay for 2 

weeks (using a computer) student gets 90 % from the maximum mark. When 

executing CGW with a delay of more than for 2 weeks, the student gets 80 % of the 

maximum mark, with a delay of more than month – 60 % of the maximum mark. 
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