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Introduction. A rod with a stepped non-uniform cross-section, rigidly fixed at both ends, is 

subjected to concentrated axial loads (Fig.1). It is required to construct the diagrams of axial forces, 

normal stresses, and axial displacements. In the calculations, assume  Е = 2 · 105 MPa = 2 ·

106 kg/sm2. 

 

Let us project the loads applied to the rod and the support 

reactions onto its axis: 

∑ Fkx = 0,        RA + RB − 40 − 60 = 0 

           RA + RB = 100 

This equation is insufficient to determine the support 

reactions. The rod is statically indeterminate of the first 

degree; therefore, an additional equation must be 

formulated for its analysis, based on the character of the 

rod’s deformation. Let us remove one of the fixed 

supports of the rod, for example the upper one, and 

replace its effect by the unknown support reaction.  

x = RB (Fig.1). 
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 The statically determinate system thus obtained is called the primary (basic) system. 

Let us impose the condition that the deformations of 

the primary system and the given system are identical. The 

length of a rod rigidly fixed at both ends cannot change 

after the application of loads (∆l = 0). Therefore, for the 

primary system, on the basis of the principle of 

superposition (independence of the action of forces), one 

can write: 

∆l = ∆lp + ∆lx = 0 

Where  ∆lp  – the deformation of the primary system under 

the action of the given loads, 

∆lx – the deformation of the primary system under the 

action of the unknown support reaction  x = RB. 

We calculate the values of ∆lp и  ∆lx and formulate the 

additional equation:  

 

∆lp = −
6000 · 50

2 · 106 · 40
−

6000 · 100

2 · 106 · 80
−

4000 · 100

2 · 106 · 80
= −0,01 sm 

∆lx =
х · 100

2 · 106 · 40
+

х · 100

2 · 106 · 80
= 1,875 · 10−6 · x 

∆l = ∆lp + ∆lx = −0,01 + 1,875 · 10−6 · x = 0 

x = RB = 5333 kg = 53,3 kN 

The static indeterminacy of the problem has been resolved. We calculate the axial forces and normal 

stresses in the characteristic sections of the rod, starting from the free end of the primary system. 

1. Section:      х = 2 m 

N = х = RB = 53,3 kN (Tension),  

σ =
5333

40
= 133 kg/sm2 = 13,3 MPa 

2. Section:       х = 1,5 + 0 

N = 53,3 kN,    σ = 13,3 MPa  

3. Section:       х = 1,5 − 0  

N = 53,3 − 60 = −6,7 kN (Compression) 

σ =
−670

40
= −17 kg/sm2 = −1,7 MPa  

4. Section:       х = 1 + 0  

N = −6,7 kN,        σ = −1,7 MPa 

5. Section:       х = 1 − 0  

N = −6,7 − 40 = −46,7 kN (Compression)  

σ =
−4670

80
= −58 kg/sm2 = −5,8 MPa 
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6. Section:       х = 0  

N = −46,7 kN,     σ = −5,8 MPa 

Based on the calculated values, we construct the diagrams of  N and  σ. Note the presence of jumps 

in the N diagram at the sections where concentrated forces are applied. Within each segment, N and 

σ remain constant in magnitude. 

We calculate the absolute deformations of the segments of the rod: 

∆l1 =
−4670 · 100

2 · 106
= −2,92 · 10−3 sm (shortening) 

∆l2 =
−670 · 50

2 · 106
= −4,1 · 10−4 sm (contraction) 

∆l3 =
5333 · 50

2 · 106
= 3,33 · 10−3 sm (elongation) 

The absolute deformation of the entire rod must be equal to zero. Let us verify the fulfillment of this 

condition: 

∆l = ∆l1 + ∆l2 + ∆l3 = −2,92 · 10−3 − 4,1 · 10−4 + 3,33 · 10−3 = 0 

We calculate the axial displacements of the characteristic sections of the rod, starting from the lower 

fixed section: 

1. Section:  х = 0                   u = u0 = 0 

2. Section:  х = 1 m                u1 = u0 + ∆l1 = −2,92 · 10−3 sm 

3. Section:  х = 1,5 m             u2 = u1 + ∆l2 = −2,92 · 10−3 − 4,1 · 10−4 = −3,33 · 10−3 sm 

4. Section:  х = 2 m                u3 = u2 + ∆l3 = ∆l = 0 

The diagram of axial displacements is shown in Fig. 1.2. The axial displacements vary linearly. All 

sections of the rod move in the negative х-axis direction, i.e., downward. 

 

REFERENCES 

1. Э.Ф. Винокуров. А.Г. Петрович. Л.И. Шевчук. Сопротивлению материалов расчетно-

проектировочные работы. Минск “Bышэйшая школа”. (1987). 

2. B.B. Khasanov. Determination of the Angular Velocity of the Driving Link at the Moment of 

Driving Forces. Spanish Journal of Innovation and Integrity. ISSN, 2792-8268. Volume: 33, Aug-

2024  

http://sjii.indexedresearch.org 

http://lib-bkm.ru/13171
http://lib-bkm.ru/13171
http://sjii.indexedresearch.org/


ISSN: 2582-4686 SJIF 2021-3.261,SJIF 2022-

2.889, 2024-6.875 ResearchBib IF: 10.25 / 2025 

 

 

VOLUME-6, ISSUE-5 

92 

3. B.B. Xasanov. (2023). Buralish deformatsiyasi. Technical science research in uzbekistan, 1(5), 

547–551. Retrieved from https://universalpublishings.com/index.php/tsru/article/view/3707 

https://doi.org/10.5281/zenodo.10448458 

4. Khasanov, B. B. (2025). TORSION OF RODS. В INTERNATIONAL BULLETIN OF 

ENGINEERING AND TECHNOLOGY (Т. 5, Выпуск 5, сс. 222–224). IBET ISSN: 2770-9124. 

IBET UIF = 9.1 | SJIF = 7.53.   

https://doi.org/10.5281/zenodo.15601456 

5. Хасанов Б.Б. (2025). ПОТЕНЦИАЛЬНАЯ ЭНЕРГИЯ ДЕФОРМАЦИИ ПРИ ИЗГИБЕ. 

Multidisciplinary journal of science and technology, 5(6), 1087–1089. 

https://doi.org/10.5281/zenodo.15664964 

https://mjstjournal.com/index.php/mjst/article/view/4079 

6. Хасанов Б.Б. (2025). Объемная деформация. Multidisciplinary journal of science and 

technology, 5(6), 1093–1095.  

https://doi.org/10.5281/zenodo.15664985 

https://mjstjournal.com/index.php/mjst/article/view/4081 

7. Шербутаев. Ж.A., Хасанов Б.Б. (2024). Расчет пластинчатого теплообменника. 

Multidisciplinary Journal of Science and Technology, 4(8), 53–58. Retrieved from 

https://mjstjournal.com/index.php/mjst/article/view/1797 

https://zenodo.org/records/13293507 

8. Э.И. Турапов, Б.Б. Хасанов, Т.Г. Содиков, & Ж.У. Абдухошимов. (2025). Изменение 

моментов инерции при параллельном переносе осей. Multidisciplinary Journal of Science and 

Technology, 5(11), 1193–1195.  

https://doi.org/10.5281/zenodo.17793076 

9. Turapov E.I., Khasanov B.B., Khurramov D.X. (2025). Central tension and compression of rods. 

Vol. 4 No. 10 (2025): Journal of Multidisciplinary Sciences and Innovations 601-606.  Published: 

2025-11-05                                                                                                                                                                                                                                                                                                   

https://ijmri.de/index.php/jmsi/article/view/2742/2679 

https://doi.org/10.5281/zenodo.15601456
https://mjstjournal.com/index.php/mjst/article/view/4079
https://mjstjournal.com/index.php/mjst/article/view/4081
https://zenodo.org/records/13293507

