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The Advantage of Calculation Based on the Stability of
Resistance and the Effect of Bross-section Selection on
the Saving in the Material of the Structural Element

Dr. Muhammed ALsuvaid, Dr. Mustafa Taleb, Dr. Abdulrahman
Nawwar

Mechanical Engineering, Idleb University
Abstract:

This research is summarized in the study and calculation of a structural
element, which is a reliable permissible for both parties with an I-
shaped cross section, length I=8(m) exposed to a distributed load g =

k : : : . .
8(%), by choosing the dimensions of its cross section based on the

fact that the maximum tensile stress resulting from cornering must be
smaller than allowed using standard metal section tables, Then adopt
a fixed length and thickness of a fixed base and side as well and
determine the height of the section I on the basis of the stability of the
resistance, i.e. the regulatory stress at any of the points of the
permissible cross sections does not exceed the permissible tensile
stress [o], and determine the mass of the permissible in both cases. The
process was repeated assuming that the permissible has a rectangular
cross section with a base length b equal to half the length of the base
of the section I and a constant height along the permissible length, then
a variable based on the condition of constant resistance on tension and
determination of the mass of the permissible in both cases. The height
of the section I and the rectangular section was then determined based
on the durability requirement on the shear, since there are two cross
sections at which the cornering torque takes zero values (i.e. the tensile
stress 1s zero), while the cutter voltage has non-zero values (i.e. the
shear stress has tangible values), which must be considered. Finally,
compare the results to show the advantage of calculation based on the
stability of resistance and the selection of cross section through the
saving index in the material of the structural element.

Keywords: Structural Element, Turning Torque, Tensile Stress,
Resistance Stability
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el Jsh dsial o Cillai¥) ajeg abaldl) agall ad (1-4) Jsaal

x | T(x) M, (x) x T(x) M, (%)
(em) | (kgp) | (kgr-cm) | (cm) | (kgy) | (kgy-cm)

0 3200 | -4.267x10° | 420 -160 2.117x10°

20 3040 -3.643x10°| 440 | -320 2.069x10°

40 2880 | -3.051x10° | 460 | -480 1.989x10°

60 2720 | -2.491x10° | 480 -640 1.877x10°

80 2560 | -1.963x10° | 500 | -800 1.733x10°

100 | 2400 | -1.467x10° | 520 | -960 1.557x10°

120 | 2240 | -1.003x10°> | 540 | -1120 | 1.349x10°

140 | 2080 | -5.707x10* | 560 | -1280 | 1.109%10°

160 | 1920 | -1.707x10* | 580 | -1440 | 8.373x10*

180 | 1760 1.973x104 600 | -1600 | 5.333x10*

200 | 1600 5.333x10* 620 | -1760 | 1.973x10*

220 | 1440 8.373x10% 640 | -1920 | -1.707x10*

240 | 1280 1.109x10° 660 | 2080 | -5.707x10*

260 | 1120 1.349x10° 680 | -2240 | -1.003x10°

280 960 1.557x10° 700 | -2400 | -1.467x10°

300 800 1.733x10° 720 | 2560 | -1.963x10°

320 640 1.877x103 740 | 2720 | -2.491x10°

340 480 1.989x10° 760 | 2880 | -3.051x10°

360 320 2.069x10° 780 | -3040 | -3.643x10°

380 160 2.117x10° 800 | -3200 | -4.267x10°

400 0 2.133x10°
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oo Laglial) @l guluf o Sasaa T ahaiall h, Slapl) ahaiall g ) ad (2-4) Jeaad)
CillaasH Aoty add)
X h(x) X h(x)
(em) (cm) (cm) (cm)
0 23.738 | 420 12.731

20 20.694 | 440 | 12.467
40 17.966 | 460 | 12.024
60 14.757 | 480 11.4
80 11.876 | 500 | 10.589
100 9.063 520 9.585
120 6.326 540 8.381
140 3.676 560 6.965

946



2025 alal 1 a2l 8 alaal) Gl daals Eigan dlaa

160 1.122 580 5.324
180 1.295 600 3.441
200 3.441 620 1.295
220 5.324 640 1.122
240 6.965 660 3.676
260 8.381 680 6.326
280 9.585 700 9.063
300 | 10.589 | 720 | 11.876
320 11.4 740 | 14.757
340 | 12.024 | 760 | 17.966
360 | 12.467 | 780 | 20.694
380 | 12.731 | 800 | 23.738
400 | 12.891
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X h(x) X h(x)
(cm) (cm) (cm) (cm)

0 17.089 420 12.038
20 15.79 440 11.901
40 14.45 460 11.669
60 13.057 480 11.336
80 11.59 500 10.892
100 10.019 520 10.324
120 8.284 540 9.61
140 6.250 560 8.714
160 3.418 580 7.570
180 3.675 600 6.042
200 6.042 620 3.675
220 7.570 640 3.418
240 8.714 660 6.250
260 9.61 680 8.284
280 10.324 700 10.019
300 10.892 720 11.59
320 11.336 740 13.057
340 11.669 760 14.45
360 11.901 780 15.79
380 12.038 800 17.089
400 12.084
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Sl 2 M) A€ (AN Jubtual) adaial) i) a3 —6-4
coall) e Ll e oly Sana | glilall h, liaall gaball gl pd (4-4) Jgeal

X h(x) X h(x)
(em) | (cm) | (em) | (cm)
0 [0.913] 420 | 0.046
20 |0.867| 440 |0.019
40 |0.821| 460 |0.137
60 |0.776 | 480 | 0.183
80 | 0.73 | 500 | 0.228
100 | 0.684 | 520 | 0.274
120 | 0.639 | 540 | 0.319
140 | 0.593 | 560 | 0.365
160 | 0.549 | 580 | 0.411
180 | 0.502 | 600 |0.456
200 | 0.456 | 620 | 0.502
220 1 0.411 | 640 | 0.549
240 | 0.365 | 660 | 0.593
260 | 0.319 | 680 | 0.639
280 | 0.274 | 700 | 0.684
300 | 0.228 | 720 | 0.73
320 | 0.183 | 740 | 0.776
340 | 0.137 | 760 | 0.821
360 | 0.019 | 780 | 0.867
380 | 0.046 | 800 |0.913
400 0
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100 200 300 400 500 600 700 800

Ao sl ALY puaiad) i) Ao (S (udaunall ¢ iliaal) pdaall g i)l }_u'.:.(4—:;r3m\
el Lo dsiall
Tl o (Al i T Gija JS4 o adaiall g LG waas —7-4
- (27-3) Bl Jlasials Gall) o diliall Japdd
cpall) e Llall o ol Basaa ] ghaiall h, lapl) ghaiall gl ad (5-4) Jgaal

X h(x) x h(x)
(cm) (cm) (cm) (cm)
0 21.256 | 420 1.063
20 20.193 | 440 2.126
40 19.131 460 3.188
60 18.063 | 480 4.251
80 17.005 500 5.314
100 15.942 | 520 6.377
120 14.979 | 540 7.440
140 13.816 | 560 8.502
160 12.754 | 580 9.555
180 11.691 600 10.625
200 10.625 | 620 11.691
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220 9.555 640 | 12.754
240 8.502 660 | 13.816
260 7.440 680 | 14.979
280 6.377 700 | 15.942
300 5.314 720 | 17.005
320 4.251 740 | 18.063
340 3.188 760 | 19.131
360 2.126 780 | 20.193
380 1.063 800 | 21.256
400 0

hx{cm)

4] 100 200 300 400 500 600 700 800

S el ALY puaind) el Ao o] s JS o oAl adadal &&3),_&-’(5—4;) i}sm\
-l e dilial)
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Ll 2 385 (3-2) JSall cuall adaiall 63 Filall dadel cus
ol Al g ANSYS Workbench zalin Jlaials (3-4) Jsaall
raic sy (Quadratic high quality dsiall & Jesiudl juaiall . adatall
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izl (Element Size) yaisll aaag o(6-4) JSEL o 0 WSz
Large Deflection jLall Juts &5 LS .16 mm 5o (Mesh) alaill 8
.Analysis Settings 4.8
Giadiel WS eyl G 2l cillall SIS 3 sadied) Laall Jag il
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Al JSE Sl Gl
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0.022955 Max

-4.331
-8.6849
-13.039
-17.393
-21.747
-26.101
-30.455
-34.809
-39.163
-43.516

Min

Directional Deformation ahiall yiie jilall Axl ady J<& (7-4) J<il)

220.68 Max

Equivalent (Von-Mises) Stress ahiall jaia jilall 814l slgay) ad (8-4) Jil)

0.0013502 Max

-1.1059
-2.2132
-3.3205
-4.4278
-5.5351
-6.6424
-7.7497
-8.8569
-9.9642

-11.072 Min

Directional Deformation akial) oyl jilall Juil) aidy J<& (9-4) J<id)

183.63 Max

0.065723 Min

Equivalent (Von-Mises) Stress ahiall culi jilall £ 81<a) algay) ad (10-4) J<id)
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gl dad pe AN Cus (e 3l G Alae (6-4) Jsand) (o
ar<l) o5 Structural Steel SLisyl Wl Legl sald) olael @lldy Lagiy
.p=7850kg deql

ALl Cua (a guiilall Gw Al (6-4) Jgaad)
250.86 kg pial s sl
192.12 kg bl e sl

% 100 = 23.4% | Am =58.74kg s

250.86 —192.12
250.86
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A40-32 4= 2015 dnadl

Loigh LIS s cdaals hgdia cdgall Aaglie ¢ y1) oali dene 2 = 2

9 = 1997 A0
Aanall Autigl S cla Aeals piia (1) olsa) Laglia caslu Gl .3 — 3
37 = <1982

tdgiaY)

4 — mocobue K peweHunto 3aaa4 nNo CoOnpoTUBIAEND MaTePKNANIOB, U.H.

Muponiobos U apyrve, msgatensctso (Bbiclwias wKona)
Mocksa, 1977 ctp. 150.

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

6 - James H. Allen Ill 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://dyedavid)
and at http://learn.imperial.ac.uk(Com/mse203.
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