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INTRODUCTION  
Mechanic of materials is one of the most important disciplines studied by 

students in a higher technical educational university. 
Using the laws of theoretical mechanics and the corresponding mathematical 

apparatus, the mechanic of materials considers the problems of strength, stiffness and 
durability of machines and structures. 

These guidelines should be used in independent work of students at training for 
practical classes and making of calculation and solving graphic problem. They 
contain theoretical materials and source data for the problem. Output data are taken 
on the instruction of the teacher. 

Before proceeding to the problem, you should introduce yourself with the 
theoretical material outlined in these guidelines and the list literature. 

 

UNITS OF MEASUREMENT 
The work adopted the international system of SI units. Using manuals of 

mechanical characteristics with the technical system of units, the following 
dependencies should be applied: 

 
1 kgf = 10 N; 1 tf = 10 kN, 1 kN = 103 N; 
1 tf/m = 10 kN/m; 
1 kgf/сm2 = 0,1 MPа, 1 МPа = 106 Pа = 0,1 kN/сm2 = 103 kN/m2; 
1 tf ∙ m = 10 kN ∙ m. 
 

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. 



 
 

5

2 OUTPUT DATA AND PROBLEM TO WORK 
PROBLEM 1 Calculation of statically determined systems at tension-

compression. 
For a given system (Fig. 1) determine the forces in the rods; choose the cross-

sections of the rods, if they are made of steel [σ] = 160 MPa. Output data are taken 
from Table 1. 

The order of the problem: 
1.  Draw a calculation scheme. 
2. When determining the longitudinal forces in the rods cross-sectional method 

should be used. Let’s imagine the rod cut; reject one part, replace the action of the 
rejected part with internal forces, make the equation equilibrium for the left part to 
which external and internal forces operate. Longitudinal force is considered positive 
when it stretches the rod, and negative when compressing it.  

3. The cross-section size of the rod is chosen from the strength conditions of 

tensile - compression 
 
NA


  . 

 
Table 1 

N 
variant 

a, 
m 

b, 
m 

с, 
m 

d, 
m 

q, 
kN/m 

F, 
kN 

M, 
kNм 

Cross-section 

1 2 3 4 5 6 70 8 9 
1 2 2 3 2 5 200 30  

2 1 2,5 2 2,5 10 300 40  

3 1,5 3 3 2 20 400 10  

4 2,5 2,5 2 3 30 100 20  

5 3 3 2,5 1 10 250 30 
 

6 1,5 2 1,5 2,5 20 350 40  

7 1 3 2,5 1 5 150 50  

8 2 2,5 1 1,5 10 200 30  

9 3 2 1,5 2 20 300 20  

10 2,5 3 1 3 5 100 40 
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        Table continuation 1 
1 2 3 4 5 6 7 8 9 
11 3 2 2 2 5 200 20  

12 2 2,5 1 2,5 10 300 30  

13 3 2 1,5 3 20 400 40  

14 2 3 2,5 2,5 30 100 10  

15 2,5 1 3 3 10 250 25 
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Figure 1 – Schemes of systems to problem number 1 
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Figure 1 (continuation) –  Schemes of systems to problem number 1 

 
 

PROBLEM 2 Calculation of statically determined systems having 
deformation of tension and compression. 

For a given rod (Figure 2), taking into account its own weight, determine forces 
and stress on each parts; draw a diagram of longitudinal forces, normal stresses; find 
deformation (displacement) of section I-I. Output data should be taken from tables 2, 
3. 

The order of the problem: 
1. Draw a calculation scheme. 
2. In determining the longitudinal forces in the sections of the stepped rod you 

need to use the cross-sectional method. Make imaginary part cross sections. 
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Rejecting one of the parts of the rod and replacing it with the internal action 
forces, we form an equilibrium equation for the left part to which we applied external 
and internal forces. 

The longitudinal force is positive when it is stretched the rod, and negative when 
it is compressed. 

3.  Normal stresses in each section are determined the ratio of longitudinal forces 
to its area 

N
A

  . 

4. Displacement of the section I-I is determined relatively to the fixed section, it 
depends on the deformation of that part of the rod, which lies between the section I-I 
and the fixing constrain. 

Extension or reduction of this part by external force are found by the formula: 
FLL
EA

  . 

Extension or reduction of this part of the rod from its own weight are found by 
the formula: 

2
GLL
EA

  , 

where G – weight of the part; 
L – length of the part; E – modulus of elasticity;  A – cross-section. 
The weight of the part of the rod from the section I-I to the free end is 

considered as an external load acting in the cross-section and causing strain of the rod 
from cross-section to support. 

 
Table 2 

Number 
variant 

А1, 
сm2 

А2, 
сm2 

А3, 
сm2 

L1, 
m 

L2, 
m 

L3, 
m 

F1, 
kN 

F2, 
kN  

F3, 
kN  

1 2 3 4 5 6 7 8 9 10 
1 8 12 12 3 3 2 4 7 8 
2 10 15 8 2 2,5 3 3 5 6 
3 15 16 10 4 2 3,5 5 3 5 
4 20 10 12 5 4 2 7 4 6 
5 25 18 20 3,5 3 4 6 4 5 
6 30 20 10 2,5 4 3,5 5 3 4 
7 10 12 8 4,5 2,5 3 9 2 7 
8 15 16 15 3 2 4 10 8 6 
9 20 15 10 5 3,5 2,5 9 10 8 
10 25 10 20 4 3 2 10 7 9 
11 8 8 12 3 3 3 4 4 7 
12 10 10 15 2 2 2,5 3 3 5 
13 15 15 16 4 4 2 5 5 3 
14 20 20 10 5 5 4 7 7 4 
15 25 25 18 3,5 3,5 3 6 6 4 
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Table 3 – Mechanical characteristics of materials 
 

Material Steel-3 Copper  Brass   Bronze  Concrete Oak    

Е, МPа 5101,2   5101,1   5109,0   51089,0   51018,0   5101,0   

, kN/m3 78 89,4 85 85 24 5,3 

 

 
 

Figure 2 – Schemes of systems to problem number 2 
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PROBLEM 3 Calculation of statically undetermined systems having 

deformation of tension and compression 
Stiffness beam (Fig. 3) rests on a fixed support and jointed to two rods. We need 

to find the forces and stresses in steel rods (in fractions of force F); find load Fall 
when the maximum stress is [σ] = 160 MPa. 

Output data to be taken from table 4. 
The order of the problem: 
1. Draw a calculation scheme.  
2. By writing the equation of static equilibrium of the system, find the index the 

static undetermined of the problem, that is, the number of unnecessary unknowns 
equate to the number of real static equations. The missing condition must be the 
equation of compatibility of strains (displacements) of a rod. This equation together 
with the static equations (after determination of displacements through forces on 
Hooke's law) determines the forces in the rods in fractions of force F. 

3. On the strength condition of it is necessary to determine the stresses in the 
rods in fractions of external load F and limit the received stresses to allowable. Find 
the allowable loads for each rod and, analyzing them, determine the allowable load 
for the whole system. 

 
Table 4 
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Figure 3 – Schemes of systems to problem number 3 
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3 EXAMPLES OF CALCULATIONS 
 
Problem  №. 1 
Output data: 

Cross-
section 

 

Cross-
section 

 

а,  
m 

b, 
m 

с, 
M 

[], 
kN/сm2 

F, 
kN 

  2 4 3 16 40 

Solution: 

 
Figure 4 

775,0
15
3

23
3sin

22



 ; 

517,0
15
2cos  . 

1. Equations of equilibrium: 



















064sin,0

0sin,0

0cos,0

1

21

1

FNM

FNNy

HNx

B

B







 (1) 

4,77
4775,0

640
4sin

6
1 











FN  kN.        

98,1940775,04,77sin12  FNN   kN. 

ІІ. The strength conditions of tensile-compression: 

               
N NA
A

    


.          (2) 

 
1 2

1
77,4 4,84
16

N
A cm


   ; 1 2

1 2,42
2
A

A cm   ;  

2
1 2,43A cm  ;  № 3,2. 

 
22

2
19,98 1,25

16
NA cm


   ;  2
2 2 1,25 1,118a A cm   . 
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Problem  №. 2 

Output data: 2 3 2
1 10 10A cm m  ; 2 3 2

2 3 20 2 10A A cm m    ; 278 kN
m

  ; 
52 10E MPa      

For a given stepped rod, made of steel, to draw diagrams of longitudinal forces 
and normal stresses. Determine the displacement of the section В-В 

Solution: 
Cross-section I-I:   0 ≤ x1≤ 4 m, 

1 1 1 10 ;xF N F A x       
 

11 0 1 5xN F kN   ;   
1

3
1 4 5 78 10 4 5,312xN kN

      ; 

1

31
1 0 3 2

1

5 5 10
10x

N kN
A m

       ;  
1

3
1 3 2

5,312 5,312 10 .
10x l

kN
m

      

Cross-section II-II:   4 m ≤ x2≤ 9 m 
2 1 1 1 2 2 20 ( 4),xF N F A l F A x             

22 4 5,312 3 8,312xN kN    , 
2

3
2 9 8,312 78 2 10 (9 4) 9,092 ,xN kN

        

2

32
2 4 3 2

2

8,312 4,156 10 ,
2 10x

N kN
A m

     


  

2

3
2 9 3 2

9,092 4,546 10 .
2 10x

kN
m

    


 

Cross-section III-III: 39 12m x m    

3 1 1 1 2 2 2 3 3 30 ( 9),xF N F A l F A l F A x                  

33 9 9,092 10 908xN kN     ; 

3

3
3 12 0,908 78 2 10 (12 9) 0,44 ,xN kN

          

3

33
3 9 3 2

3

0,908 0,454 10 ,
2 10x

N kN
A m

      


 

3

33
3 12 3 2

3

0,44 0,22 10 .
2 10x

N kN
A m

  


    


 

Draw diagrams “N” and “σ” (figure 5). 
Total displacement of section B-B: 

 

 

 m 



 
 

14

Fi
gu

re
 5

. D
ia

gr
am

 “
N

”.
 D

ia
gr

am
 “

σ”
 



 
 

15

 
Problem №. 3 Stiffness beam BC rests on the pinned joint support and jointed 

to the two rods BD and CK (Fig. 6, a). Determine the forces and stresses in the rods 

(in fractions of force F), find allowed load F, using strength conditions of tension - 

compression. Output data [σ] = 160 MPa, α = 450, l1= 2 m, l2= 2,82 m, a = 2 m, b = 3 

m, c = 1 m, A1 = 20 cm2 = 1∙10-3 m2, A2 = 20 cm2 = 2∙10-3m2. 

Solution: We cut the rods of KC and BD. The action of the rejected parts of the 

system we will replace with the forces in the rods N1 and N2, directed along these 

rods. The reaction of the support A has a horizontal component HA and a vertical RA, 

because this support prevents the vertical and horizontal displacement of the point A. 

Thus, we have four unknowns, and there can be made up only three equations of 

equilibrium for the plate systems. Consequently, this system is once statically 

indetermined and for solving the problem there must be added one equation. On the 

condition of the problem it is necessary to determine the forces of N1 and N2 steel 

rods BD and KC, and the HA and RA reactions are unnecessary. Therefore, it is 

enough to use one of the three possible equations of equilibrium, which would not 

include HA and RA reactions. This equation is the sum of moments of all forces 

relative to the pin-joint A: 

 
Figure 6. 
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2 10; sin ( ) ( ) 0AM N a c Fb N b c        

To compile the added equation we consider the strain of the system. In Figure 6, 
the shaded line denotes the axis of the beam after the strain systems. This axis is 
straight line (the beam is stiffness), without strains, but it can rotate around point A. 
The pins B and C after the deformation move into positions B1 and C1 respectively, i. 
e., they move vertically. From the similarity of the triangles BB1A and СС1А we find: 

1 1BB CC
BA AC

   

Lengthening ,cos, 1211  BBLССL where   2
1 .

cos
LBB



     (5) 

Let's substitute an expression (5) into (4): .
cb

L
)ca(cos

L 12







                    (6) 

For the Hooke’s law      ;;
2

22
2

1

11
1 EA

LNL
EA

LNL                                  (7) 

and on the basis of equality (6) we have: ;
)()(cos 1

11

2

22

cbEA
LN

caEA
LN





 

or,        2 2 1 1 1 2( ) cos ( ) 0N L A b c N L A a c    .                                  (8) 

Solving the equation of strains compatibility (8), from the equilibrium equation 

(3) find the value of longitudinal forces N1 and N2 written in terms of the load F: 

;
)(

)(cos

12

21
12 cbAL

caALNN





                                       (9) 

                  ;)(sin
)(

)(cos
1

12

21
1 bFcbNca

cbAL
caALN 













                   (10) 

;
)()(sin1 cbcaK

bFN






 

 where 

;75,0
)13(1082,2

)12(
2
21022

;
)(

)(cos
3

3

12

21 








 



К
cbAL

caALK   

Substituting (10) into (9) we get an expression: 
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                                                    )(sin2 cbcaK
KFbN





.                 (12) 

We substitute numerical values for the formulas obtained (10), (12): 

;418,0
)13()12(

2
275,0

3
1 












 FFN  

2
0,75 3 0,313.
20,75 (2 1) (3 1)2

FN F
 
 
 
 

   
  

 

Let’s write straits in fractions of force F: 

 ,кН/м10418,0
10

418,0 23
3

1

1
1 FF

A
N

  [kN/m2]; 

 .кН/м10156,0
102
313,0 23

3
2

2
2 FF

A
N




  [kN/m2]. 

Since the first rod is more loaded ( 21   ) and using the condition of 

strength, determine the allowed load: 

 

.кН10382,0
418

10160

;10418,0

3
3

3
1






 

допF

F 
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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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