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Principal Stresses in Terms of Value and Direction in
Spatial and plain cases

Dr. Mustafa Taleb
Mechanical Engineering, Idleb University
Abstract

This research presents an analytical study to determine the principal
stresses, both in terms of magnitude and direction, based on the normal and
shear stresses acting on the faces of a stress cuboid formed around a point
in a stressed body. The study is applied to a structural element in the form
of a simply supported beam with a rectangular cross-section.

The normal and shear stresses are calculated along the most critical section
of the beam, specifically at the section corresponding to the location of the
left support. Using these stresses, the first and second principal stresses,
along with their angle of inclination relative to the longitudinal axis of the
beam, are determined. Mohr’s circle is then constructed for the stress state
at a point in the interior of the upper wall of the cross-section. The
analytical and graphical results were found to be in exact agreement.

Furthermore, the maximum shear stress theory was employed to assess the
strength of the beam. It was found that the beam has a safety margin of
14.3%, even at the most critical points in the cross-section. This result
highlights the adequacy of the beam’s strength, fulfilling the primary goal
of the study.
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) daala &gy dlaa

ho Q b(h® —h)
2 7™ T 8L (b= by)
zZ 0
Q [b(h* —hE) hd

8I,| (b—by) ' 8

:zlially Cllal) =5

alaasy) a9 (3_4) 9 (1_4) Ciall Jlazinls cla\i]\ a¢gall a8 ales —
Ball Lleil (pa leny s Sl Jle(4-4) 5 (2-4)  oalad) Jlasial,

20(cm) Jdualis ylall

Flall dsia) Lo Cillniy) ajeg ghaldl agall ad (1-5) Jsaal

x(cm) Q(KN) My, (KN. cm)

0 -39.228 0

20 -39.228 -784.56
40 -39.228 -1569.12
60 -39.228 -2353.68
80 | -39.228" 66.687 | -3138.24
100 66.687 -1863.33
120 54.919 -706.104
140 49.035 333.438
160 43.151 1255.296
180 37.266 2059.470
200 31.382 2745.960
220 25.498 3314.766
240 19.614 3765.888
260 13.726 4099.326
280 7.845 4315.080
300 1.961 4413.150
320 -3.922 4393.536
340 -9.807 4256.238
360 -15.691 4001.256
380 -21.575 3628..590
400 -27.459 3138.240
420 -33.343 2530.206
440 -39.228 1804.488
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460 -45.112 961..086
480 -50.996 0

el (gslal) sUnall (e gin o Aaall ALl jlic) 1) et * deady Lol HLid) el
COlal) Gulaall e Gl (Slia el

Pilgy) qilgy/em) 1

@ —~

7000
6000 b

5000 \\\

4000

3000 \
2000

1000; \

Q)

-1000-
-2000-
-3000
-4000-
-5000-
8000
480000
400000
350000- - -
300000 3
250000
200000

*50000-

a3
Wb(x)

:(1-5) J=a

¢ @bl agall g lalada — b cdubll pocage ALY paiall Sleall bl - a
ailaay) aie babds —C

Tay(¥) uladls (5-4) A Jlaxins 0, (y) ol cpolga)) af Glon =
02 (y) 501(¥) iV leaYls «(6-4) 5 (5-4) oDl Jlexials
lly @y I Qa5 sl ol e (Fs) 35 ¢(11-3) oilall Jloxicdy
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) ey &igag Alaa

Ol gl el adaall alsial e ¢ (15-3)5 (12-3) @@l Jlaicls a,
Shmyall aladall (golell Calall e Ty 2(0M) Jealis

a(y)

]

8

7(v)

o’l(y)

7 (v)

P :
-)--$S. @

w0
@
&

1028

- o
188 282 e s

-1028

b) <)

g

* 8

W g
o o B8
g 2

d)

1028
1370

Ayl gign bia—b ¢ g, (y) oblll slgayl g labis —a :(2-5) J<all -
Lhie —d ¢ 0,(y) S Gaill algaY) gisi bhie = C Ty (¥) ueladll
el Jliayal) pladal) ¢ il slaial e g ¢ oy (y) Js¥) ol sleal) g5

ol CalgaYls Ty (y) (oilaalls 0y () (el cpalga) ad (el 1(2-5) Jgaad)
0y Sy @y SV ot 5 sinsall 13U die (S35 40, (y) (S5 07 () YY)

y o (y) Tyy () a1(y) a2 (y) ay a;,
(cm) | (MPa) (MPa) (MPa) | (MPa) ®) )
-8 | 134.49 0 134.495 0 0 -90
-6 | 100.94 7.946° | 110.166 | -9.174 | 161 | -73.9
31.784
-4 | 67.268 34.622 | 81.904 | -14.635 | 22.915 | -67.09
-2 | 33.634 36.325 | 56.864 | -23.211 | 32.579 | -57.42
0 0 36.892 | 36.892 | -36.892 45 -45
-33.634 | 36.325 23.211 | -56.846 | -32.579 | 57.421
-67.268 | 34.622 14.635 | -81.904 |-22.915 | 67.085
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6 -100.94 7.946" 9.174 | -110.166 | -16.1 73.9
31.784
8 -134.495 0 0 -134.495 0 90
(13-3) Dl s gg bl palgaY) ad ety :(3-5) Jgaad
Js¥) ol (gsimaal) Alil Joe dugly Juxil las (14-3) ABall Consn Ty oaslaally
360° e e a
a(®) | 2a(®) | 0,(MPa) | t,(MPa) | a(®) | 2a(®) | o,(MPa) | t,(MPa)
0 0 100.886 | -31.783
10 20 108.714 | -12.613 | 190 | 380 108.714 | -12.613
20 40 109.513 8.076 200 | 400 | 109.513 8.076
30 60 103.189 27.793 210 | 420 103.103 27.793
40 80 90.502 44,157 220 | 440 90.502 44,157
50 100 72.983 55.194 | 230 | 460 72.983 55.194
60 120 52.746 59.577 240 | 480 52.746 59.577
70 140 32.230 56.771 250 | 500 32.230 56.771
80 160 141.82 47.118 260 | 520 13.912 47.118
90 180 0 31.685 | 270 | 540 0 31.685
100 | 200 -7.828 12.613 280 | 560 -7.828 12.613
110 | 220 -8.627 -8.076 | 290 | 580 -8.627 -8.076
120 | 240 -2.303 -27.792 | 300 | 600 -2.303 -27.792
130 | 260 10.383 -44.156 | 310 | 620 10.382 -44.156
140 | 280 27.901 -55.195 | 320 | 640 27.901 -55.195
150 | 300 48.138 -59.576 | 330 | 660 48.138 -59.576
160 | 320 68.654 -56.771 | 340 | 680 68.654 -56.771
170 | 340 86.777 -47.119 | 350 | 700 86.973 -47.119
180 | 360 100.886 | -31.613 | 360 | 720 100.395 | -31.783
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maximum  oalae) oadll slga) doylatl ik 1 SLAY) yeaiell dilie o

sgal olé « [4] Tresca Criterion Sy jLeal lgy shear stress theory

s o) aill algal e 03 VT Cny Aehall slgayl Alls b el YY) adl)

: gl

0-1 - 0-3
2

o3 ol Sal 3sage e 03 O () Lisine dnlgal) Al 3 Ll AN g

t Y1 <l 2l Akl

< [t] = 0.5[0]

T13 =

01— 03
2
0, — 0, < [0]

ALY il Ll e ddad 4 5 Gaed ) csleaY) o B ol Nl

4 el 28 Slga) (e il 058 o

T2 = < [r] = 0.5[0] =
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pial Ll “‘H["—i“’z) daally 0y — 0y Gl a8 ey (4-5)Jsaal)

o
s Pl
y 0y — 0y [o] — (01 — 02)
(cm) (MPa) [o]
-8 134.495 0.143
-6 123.704 0.24
-4 96.539 0.385
-2 80.059 0.49
0 74.079 0.53
2 80.058 0.49
4 96.539 0.385
6 123.704 0.24
8 134.495 0.143
sl 458l -6

ol die abie Ak e Lo 0y 50; Ol GhleaY) wu-]
caed) 48)ls vie Lin Al ) Bl (e sslall

sy Aad cand) 13a Bl (b il (12-3) GElall Jaws —2
Sydlae xSy Henall ducilly  SGlly o) Gt (ssinnall alals Jua
I Jal e Gsighd Gl ) ¢(15-3) a8kl 43)lke

saall Ly ¢ AoV sas Jg¥) at )l (sl a8l e Ay 5 —3
i Slmpal) adaiall e (golad) Caphall die jaall e o SlaaY)
So Jaa) sai el Aughy (et S el Jacgall Ladl)l mie 45°
i ey o el Coylall die jiall s Jagal) badl) xie —45°
@slall Caphall die Ly dad e SO il alU sl dae das)y
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538 culh (3)ld o Lagad Jadlaty ¢ land) Caylall vie odae dad )
.90°

Aadlll ddaiil) b dpalga) Alall Leavad slasall jge 8yl 3 (il —4
Gl Jaadly ¢ il yall aladall (golad) elaal) pe didicd) A8l e
Aghphaailly dnball @y c @y 505 <oy @B O

ebid) Ll 8oy — 0, < [0] DBl hayd @t Qluall il ey =5
W: 0B e dlie hlis) 5 ee DS il
el Alaally Lsell lall i) Tolga) SV cpabaall 3 14.3%
Sl s e 53% ) deass ((Slasal
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1dalall @b‘j\
:Z\:x:a)aj\

daala cilysdia (1) Agall Laglaa ccaall sl 2e o — 1
40-32 L 2015 sl duigh A s
LI el daals cgdia calgall daglie ¢ S353) (cadal 2ene 2= 2
9 = 1997 ASulSaal) duarig))
Ll (s dadls @lypiing (1) dlsall daslae casde a3 — 3
37 e 1982 duiaal dueigl

-

:4.3.).3,;?\

4 — mocoOue K PEeIICHHIO 3aJ1a4 110 COMPOTHUBIICHIO MAaTEPHAJIOB,

N.H. Mupomnto60B u nipyrue, u3aarenbcTBo (Bricimas
mikona) Mocksa, 1977 ctp. 150.

5— DIN- 17100 — 1980, Mechanical and technological properties
the as-delivered condition and/or condition of the steel in
of treatment according to section 8.4.1.

6 — James H. Allen 111 2016: Using Mohr’s Circle to Find Principal
Stresses and Angels.

7— [Structural Integrity No.12] Jourge Luis Gozalez- Velazquez-
Mechanical Behavior and Fracture of Engineering Materials
(2020, Springer) [10.1007-978-3-030-29241-6]-libgen.li.pdf.

8 — David Dye(2013), pp. 12-18; MSE: Mechanical Behavior ,
Continuum Mechanics(Stress Tensors),
(http://learn.imperial.ac.uk) and at http://dyedavid.
Com/mse203.
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