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Abstract

The content of the article refers to the analysis of the stress in the elastic tape laid down with
holes of rectangular shape subjected to stretching. Geometry and loads are fixed elements
and attached holes geometric parameters (shapes, sizes), parameters that characterize the
cases studied. Results of the analysis, obtained using finite element method (FEM), is focused
on mapping and stresses distributions, tables and graphs of the variation of the stress
concentration factor, depending on the geometric parameters set. The analysis concerns
rectangular tape with rectangular holes subjected to axial force. In the following analysis of
the elastic tape, there are provided rectangular holes with circular or straight joints. In these
cases, the benchmark of comparison using results from rectangular holes in the elastic tape
without joints. It also makes a comparative analysis of circular joints and connections with
infinite radius of curvature (chamfered joints). All results are accompanied by interesting and
useful observations and conclusions for the effective design of such elements.

Rezumat

Continutul principal al articolului se refera la analiza starii de tensiune in banda elastica,
prevazuta cu goluri rectangulare, solicitata la intindere, respectiv la incovoiere. Sunt fixate
geometria §i incarcarile elementelor, precum si parametrii geometrici variabili atasati
golurilor (forme, dimensiuni), parametri care caracterizeaza cazurile studiate. Rezultatele
analizei, obtinute prin metoda elementului finit (MEF), se concretizeaza in harti si distributii
de tensiuni, tabele si grafice de variatie ale factorului de concentrare a tensiunilor, functie de
parametrii geometrici stabiliti. Analiza se refera la banda elastica cu goluri rectangulare,
solicitata la forta axiala. Urmatoarea analiza studiaza golurile rectangulare din banda
elastica care sunt previzute cu racorduri circulare, respectiv racorduri drepte . In aceste
cazuri, ca reper de comparatie se folosesc rezultatele de la banda elastica cu goluri
rectangulare fara racordari. Se face, de asemenea, o analiza comparativa intre racordurile
circulare si racordurile cu raza de curbura infinita (racordurile drepte). Toate rezultatele
sunt acompaniate de observatii si concluzii interesante si utile pentru proiectarea efectiva a
unor astfel de elemente.
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1. Introduction

Stress distribution inside a homogeneous and isotropic frame is continuous and uniform. In a
flat plate (rigid diaphragm) driven in its plan by evenly distributed tension forces from her
outline, it occurs as an evenly distributed state of stresses. At bars with constant or variable
section properties, studies according with The Theory of Elasticity and experiments had
confirmed Bernoulli's plane sections hypothesis which drives to constant strains in case of
axial loading, respectively linear variation in case of bent bars. The stress distribution
(bending moments, torsion, shear) in a plate loaded perpendicular to its plan by evenly
distributed forces is given also by continuous function. For structural elements stress
concentrations appear most frequently in:

e along holes;
e at local cross-section variations (as in sudden cross section change, or joints
along bars or plates);
e in elements where in some areas appear tangent or curvature discontinuities;
e discontinuities in the material property itself: non-metallic inclusions, fractures
due to the fabrication process (welds or cold processing).
Non-uniform distribution of stress in the vicinity of a discontinuity occurs a local tension. By
noting with omax the maximum stress of the discontinuity, is defined as the stress
concentration factor, ay, the ratio:

a = e ®

where g, is the normal stress in a point that would occur in the absence of discontinuity.
Stress o,,4, Can be determined analytically or experimentally. In the first case, ax is called
analytical or calculated concentration factor, in the second case, the factor obtained is denoted
by axe and call it experimental or actual concentration factor.

2. Analysis of elstic tape with rectangular holes

2.1.The elastic tape with rectangular holes provided with circular joints.

Analysis of circular joints on the state of stress in the elastic tape will perform on a plate
thickness t = 1, the form in the XY plane is shown in Figure 1. To simulate the loading of the
tape at x = oo we chose a length of L. = 5h so that local stress should be limited central area
|x| « L/2 (according to the principle of S. Venant). We focused out attention on the study of
stress concentration aspects for a square located in central position with dxd size and having
different circular radius joints between its sides. Geometric modeling is characterized by the
following parameters:

e the ratio between the size of the hole and the width of the tape (d/h)

e the ratio between the size of circular radius joints and the size of the hole (f(r)/d)

e the hole placement is situated on the tape central position.

The unit thickness tape was loaded at x = +L/2 (Figure 1) with constant stress of o,

(o, = 1000kN /m simulating axial load N at x = +0)
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o,y = 1000kN/m

o, = 1000kN /m

y |:| )

Figure 1. Geometric characteristic of elastic tape.

Four dimensions were chosen for the circular radius joints (f = 0.1 d, 0.2 d, 0.3d, 0), for the
five cases previously analyzed with different rectangular hole dimensions (d /h=0.1,d/h =
0.2,d/h=0.3,d/h=0.5d/h=.75). Thus the 20 cases of analysis results, are presented in

Table 3.4.
f(circular joints)

0,1d 0,2d 0,3d 0

d | 0.1 0,01 0,02 0,03 0

h| 02 ] 002 0,04 0,06 0

0.3 0,03 0,06 0,09 0

0.5 0,05 0,1 0,15 0

0.75 | 0,075 0,15 0,225 0

Table 1. Different square holes dimension and circular joints.

Exemplifying the variation of circular radius joints of the tapes with ratio d/h = 0.5 are shown

in Figure 2.
0.3h 0.5h =
d
a) -=05;f=0

0.2h

f=

0.5h

0.3h

0.1h

0.5h

h/2

h/2

b) S=05;f=02d

Figure 2. Variation of circular radius joints dimensions.

Figure 2 is exemplified how the stress distribution o, in the elastic tape with rectangular
holes having four different variations of circular radius joints, with the ratio d/h = 0.5 loaded
with axial uniform distributed force.
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b) Map of stresses a, , for % =0.5; f=0.2d
Figure 3. Stress distribution o,
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Values of stresses in the elastic tape subjected to stretching for different circular radius joints between the sides of the hole

n=I/h°

a=a’h | 6=d/h | Y=c/h | (=z/h omax(Mpa) 6nom(Mpa) Ok
6p | 6c | 65 | OA oD [ () GA A B C D
0,75 f=0 0,125 0,75 | 0,225 | 0,5 | 0,185 | 3,67 | 10,5 | 10,5 | 3,67 | 1,000 | 1,000 | 1,000 | 1,000 | 3,67 | 10,50 | 10,50 | 3,67
f=0,1 |0,125| 0,75 [ 0,125 | 05 | 0,485 (3,21 | 56 | 56 | 3,21 {1,000 | 1,000 | 1,000 | 1,000 | 3,21 | 5,60 | 560 | 3,21
f=0,2 |0,125| 0,75 [ 0,125 | 05 | 0,185 |3,15|4,54 | 4,54 | 3,15 | 1,000 | 1,000 | 1,000 | 1,000 | 3,15 | 4,54 | 454 | 3,15
f=03 |0,125| 0,75 [ 0,125 | 05 | 0,185 | 2,87 | 4,38 | 4,38 | 2,87 | 1,000 | 1,000 | 1,000 | 1,000 | 2,87 | 4,38 | 4,38 | 2,87
0,5 f=0 0,25 0,5 0,25 05 (0344 163 |6,35|6,35|1,63| 1,000 | 1,000 | 1,000 | 1,000 | 1,63 | 6,35 | 6,35 | 1,63
f=0,1 0,25 0,5 0,25 05 ({0,344 |149383|383|149| 1,000 1,000 1,000 1,000]|149| 383 | 3,83 | 1,49
f=0,2 0,25 0,5 0,25 05 {0,344 | 1,34 | 3,42 | 3,42 | 1,34 | 1,000 | 1,000 | 1,000 | 1,000 | 1,34 | 3,42 | 3,42 | 1,34
f=0,3 0,25 0,5 0,25 05 ({0,344 | 1,19 | 3,24 | 3,24 | 1,19 | 1,000 | 1,000 | 1,000 | 1,000 | 1,19 | 3,24 | 3,24 | 1,19
0,3 f=0 0,35 0,3 0,35 05 ({0482 | 11 |523|523| 1,1 | 1,000 | 1,000 |1,000 1,000 1,10 5,23 | 523 | 1,10
f=0,1 0,35 0,3 0,35 05 (0482 1,07 358358107 1,000 1,000 | 1,000 1,000 1,07 | 3,58 | 358 | 1,07
f=0,2 0,35 0,3 0,35 05 (0482|102 31| 31 |1,02]| 1,000 1,000 1,000/ 1,000]1,02]| 310 | 3,10 | 1,02
f=0,3 0,35 0,3 0,35 05 (0482|098 |262|262|0,98| 1,000 | 1,000 | 1,000 1,000|0,98| 2,62 | 2,62 | 0,98
0,2 f=0 0,4 0,2 0,4 05 | 055 (1,01 (501 501|1,01|1,000]1,000]|1,000]| 1,000 1,01 501 | 5,01 | 1,01
f=0,1 0,4 0,2 0,4 0,5 | 0,555 1 |348(348| 1 |1,000| 1,000 | 1,000 | 1,000 1,00 3,48 | 3,48 | 1,00
f=0,2 0,4 0,2 0,4 05 | 055 099 (297297099 1,000 | 1,000 | 1,000 | 1,000|0,99 | 2,97 | 2,97 | 0,99
f=0,3 0,4 0,2 0,4 05 | 055 098|254 254|098 1,000 | 1,000 | 1,000 | 1,000|098 | 254 | 2,54 | 0,98
0,1 f=0 0,45 0,1 | 0045 | 05 | 0,631 1 [325(325| 1 |1,000] 1,000 1,000/ 1,000 1,00 3,25 | 3,25 | 1,00
f=0,1 0,45 01 | 0045 | 05 | 0,631 1 (288|288 1 |1,000| 1,000 1,000 | 1,000 |1,00| 2,88 | 2,88 | 1,00
f=0,2 0,45 0,1 | 0045 | 05 | 0,631 1 |265(265| 1 (1,000 1,000 | 1,000/ 1,000 1,00 2,65 | 2,65 | 1,00
f=0,3 0,45 01 (0045 | 05 | 0,631 |0,99|224 224|099 | 1,000 | 1,000 1,000 |1,000|0,99]| 2,24 | 2,24 | 0,99

Table 2. Values of stresses in the elastic tape subjected to stretching for different circular radius joints between the sides of the hole
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Figure 4. Variation of stress concentration factor a in the case of arbitrarily sized hole with
different circular radius joints.

2.2. The elastic tape with rectangular holes provided with chamfered joints.

Analysis of chamfered joints on the state of stress in the elastic tape will perform on a
plate thickness t = 1, the form in the XY plane is shown in Figure 3.To simulate the loading of
the tape at x = +oo we chose a length of L = 5h so that local stress should be limited central
area |x| « L/2 (according to the principle of S. Venant ).We focused out attention on the
study of stress concentration aspects for a square located in central position with dxd size
and having different circular radius joints between its sides.

Geometric modeling is characterized by the following parameters:

- the ratio between the size of the hole and the width of the tape (d/h)

- the ratio between the size of the chamfer joints and the size of the hole (f(r)/d)
- the hole placement is situated on the tape central position.

The unit thickness tape was loaded at x = +L/2 (Figure 5) with constant stress of
(o, = 1000kN /m simulating axial load N at x = +0).

o, = 1000kN/m o, = 1000kN /m

hf2

Figure 5. Geometric characteristic of elastic tape.
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Four dimensions were chosen for the chamfer joints (f = 0.1 d, 0.2 d, 0.3d, 0), for the five
cases previously analyzed with different rectangular hole dimensions (d /h=0.1,d/ h=0.2,
d/h=03,d/h=05,d/h=.75). Thus the 20 cases of analysis results, are presented in
Table 3.

Table 3. Different square holes dimension and circular joints.

f(chamfered joitns)
0,1d 0,2d 0,3d 0
d | 01 0,01 0,02 0,03 0
h|lo02] 002 0,04 0,06 0
0.3 0,03 0,06 0,09 0
0.5 0,05 0,1 0,15 0
0.75 | 0,075 0,15 0,225 0

Exemplifying the variation of chamfered joints of the tapes with ratio d/h = 0.5 are shown in
Figure 6.

0.2h
f=0 o o-2h f=0.1h .
0.5h h 0.5h h
h/2 h/2
0.3h 0.5h 0.3h 0.5h
d d
a)-=05; f=0 b)H=0.5;f=0.2d

Figure 6. Variation of chamfered joints dimensions.

In figure 7 is exemplified how the stress distribution @, in the elastic tape with
rectangular holes having four different variations of chamfer joints, with the ratiod / h = 0.5
loaded with axial uniform distributed force.
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100 099 094 075 099 1,00
100 40 026 027 075 094 100 1,00
1,00 1,00
99 10D 1,00 1,00 1,00 1 747277 | 1.01 1,00 1,00 1,00 1,00 099
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152 4 0.89 105 o7 LI 7089 180 0,89 o1 2
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100 400 094 077 031 077 095 100 1,00
1,00 1,00
499 100 100 100 100 098 I5I305 1.17 087 100 100 1,00 1,00 099
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== 1.01 P 105 127 A —l P 1.26 1.05 = 1101 S
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b) Map of stresses o, , for% =0.5; f=0.2d
Figure 7. Stress distribution o,.
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Table 4. Values of stresses in the elastic tape subjected to stretching for different chamfered joints between the sides of the hole.

Values of stresses in the elastic tape subjected to stretching for different chamfered joints between the sides of the hole

o=a’/h | 8=d/h | Y=c/h | (=z/h | n=Dh° 6max(Mpa) 6nom(Mpa) 0
() G o oA 6D G B oA A B C D
0,75 [ f=0 0,125 0,75| 0,125 05| 0,18 3,67 | 10,5 | 10,5 | 3,67 | 1,000 | 1,000 | 1,000 | 1,000 | 3,67 | 10,50 | 10,50 | 3,67
f= 0,125 0,75| 0,125 05| 0,18 3,17 | 6,3 | 6,3 | 3,17 | 1,000 | 1,000 | 1,000 | 1,000 | 3,27 | 6,30 | 6,30 | 3,17
0,1d
f= 0,125 0,75| 0,125 05| 0,185| 285 | 5,78 | 5,78 | 2,85 | 1,000 | 1,000 | 1,000 | 1,000 | 2,85 | 5,78 | 5,78 | 2,85
0,2d
f= 0,125 0,75| 0,125 05| 0,185| 246 | 553|553 | 2,46 | 1,000 | 1,000 | 1,000 | 1,000 | 2,46 | 553 | 553 | 2,46
0,3d
05 [f=0 0,25 05| 0,25 05| 0344|163 |6,35|6,35| 1,611,000 | 1,000 | 1,000 | 1,000 | 1,63 | 6,35 | 6,35 | 1,61
f=0,1 0,25 05| 0,25 05| 0,344 | 1,47 | 535| 5,35 | 1,47 | 1,000 | 1,000 | 1,000 | 1,000 | 1,47 | 5,35 | 535 | 1,47
f=0,2 0,25 05| 0,25 05| 0,344 | 1,27 | 4,42 | 4,42 | 1,27 | 1,000 | 1,000 | 1,000 | 1,000 | 1,27 | 4,42 | 4,42 | 1,27
f=0,3 0,25 05| 0,25 05| 0344|101 | 4,16 | 4,16 | 1,01 | 1,000 | 1,000 | 1,000 | 1,000 | 1,01 | 4,16 | 4,16 | 1,01
03 [f=0 0,35 03| 0,35 05| 0482| 11 (523|523 | 1,1 | 1,000 | 1,000 | 1,000 | 1,000 | 1,20 | 5,23 | 5,23 | 1,10
f=0,1 0,35 03| 0,35 05| 0482|105 |469|469 | 1,051,000 | 1,000 | 1,000 | 1,000 | 1,05 | 4,69 | 4,69 | 1,05
f=0,2 0,35 03| 0,35 05| 0482 1 4,24 | 4,24 1 1,000 | 1,000 | 1,000 | 1,000 | 1,00 | 4,24 | 4,24 | 1,00
f=0,3 0,35 03| 0,35 05| 0482|096 | 3,81|3,81| 0,96 | 1,000 | 1,000 | 1,000 | 1,000 | 0,96 | 3,81 | 3,81 | 0,96
02 |f=0 0,4 0,2 0,4 05| 0555|101 5015011011000/ 1,000 1,000/ 1,000|1,01| 501 | 501 |1,01
f=0,1 0,4 0,2 0,4 05| 0555 1 451 | 451 1 1,000 | 1,000 | 1,000 | 1,000 | 1,00 | 451 | 4,51 | 1,00
f=0,2 0,4 0,2 0,4 05| 0555|099 (3,74 | 3,74 | 0,99 | 1,000 | 1,000 | 1,000 | 1,000 | 0,99 | 3,74 | 3,74 | 0,99
f=0,3 0,4 0,2 0,4 05| 0555|097 368|368 | 0,971,000 | 1,000 | 1,000 | 1,000 | 0,97 | 3,68 | 3,68 | 0,97
0,1 |[f=0 0,45 0,1 | 0,045 05] 0631 1 4,25 | 4,25 1 1,000 | 1,000 | 1,000 | 1,000 | 1,00 | 4,25 | 4,25 | 1,00
f=0,1 0,45 0,1 | 0,045 05| 0631 1 3,63 | 3,63 1 1,000 | 1,000 | 1,000 | 1,000 | 1,00 | 3,63 | 3,63 | 1,00
f=0,2 0,45 0,1 | 0,045 05| 0631|099 359359099 1,000 1,000 | 1,000 | 1,000 | 0,99 | 3,59 | 3,59 | 0,99
f=0,3 0,45 0,1 | 0,045 05| 0631|099 (357|357 |0,99 (1,000 | 1,000 | 1,000 | 1,000 | 0,99 | 3,57 | 3,57 | 0,99
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Ok ——d/h=0.75 d/h=0.5 d/h=0.3 d/h=0.2 ——d/h=0.1
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Figure 8. Variation of stress concentration factor a in the case of arbitrarily sized hole with
different chamfered joints.

In Figure 8 we can see the influence of rectangular hole dimensions and chamfered joints on the
values of ay. From the graph we deduce a considerable influence of chamfered joints size on

coefficient ay in all studied cases. It can also be observed that the relation between size of
rectangular holes and stress values is proportional.

2.3.Comparation between circular joints and chamfered joints in case of rectangular holes.

e d/h=0.75 racord drept d/h=0.75 racord circular
10.50

10
10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00

'3n
5.60 7 5.53
454 438

f=0 f=0,1d f=0,2d f=0,3d
Figure 9. ax values for d/h = 0.75

In Figure 9 are shown the values of ay for central hole size d / h = 0.75 for both circular joints and
chamfered joints. Note that the maximum values for ay is when f = 0. ax values are higher in the
case of chamfered joints than in the case of circular joints with values of ax lower with 12,5% in
the case of chamfer joints for f = 0.1d, 27,3% for f = 0.2d and 26,26% for f = 0.3d. Note in both
cases a decrease ay coefficient around rectangular holes with increasing size of the joint dimension.
In this case we observe a sharp decrease in the coefficient ax with the use of joints (either
chamfered or circular joints). This reveals that the use of a certain type of joins leads to reduced
stress around rectangular holes.

219



Victor L. Pop et al. / Acta Technica Napocensis: Civil Engineering & Architecture Vol. 57 No.2 (2014) 212-222

Ok e d/h=0.50 racord drept d/h=0.50 racord circular
10.00

9.00
8.00
7.00
6.00
5.00 \

4.00 3.83 : 4.16

342
3'00 3-24

2.00

1.00
f=0 f=0,1d f=0,2d f=0,3d

Figure 10. ax values for d/h = 0.50

In Figure 10 are shown the values of ay for central hole size d / h = 0.50 for both circular joints and
chamfered joints. Note that the maximum values for ayx is when f = 0. ax values are higher in the
case of chamfered joints than in the case of circular joints with values of ax lower with 39,69% in
the case of chamfer joints for f = 0.1d, 29,24% for f = 0.2d and 28,40% for f = 0.3d. Note in both
cases a decrease ay coefficient around rectangular holes with increasing size of the joint dimension.

%kSO e d/h=0.30 racord drept d/h=0.30 racord circular

5.00
4.50

4.00
3.50 358
3.00 3=10

3.81

2.50 2.62
2.00
1.50

1.00
f=0 f=0,1d f=0,2d f=0,3d

Figure 11. ay values for d/h = 0.30

In Figure 11 are shown the values of ay for central hole size d / h = 0.30 for both circular joints and
chamfered joints. Note that the maximum values for ax is when f = 0. ax values are higher in the
case of chamfered joints than in the case of circular joints with values of ax lower with 31,01% in
the case of chamfer joints for f = 0.1d, 42,50% for f = 0.2d and 45,42% for f = 0.3d. Note in both
cases a decrease ax coefficient around rectangular holes with increasing size of the joint dimension.
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Ok == d/h=0.20 racord drept d/h=0,20 racord circular
5.50

5.00
4.50 1
4.00

3.50 3.48 R 3.68

3.00 2-97
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Figure 12. ax values for d/h = 0.20

In Figure 12 are shown the values of ay for central hole size d / h = 0.20 for both circular joints and
chamfered joints. Note that the maximum values for ay is when f = 0. ax values are higher in the
case of chamfered joints than in the case of circular joints with values of ay lower with 29,60% in
the case of chamfer joints for f = 0.1d, 25,93% for f = 0.2d and 44,86% for f = 0.3d. Note in both
cases a decrease ay coefficient around rectangular holes with increasing size of the joint dimension.

Ok == d/h=0.10 racord drept d/h=0,10 racord circular
5.00

4.50

5
4.00

3.50 === >3 3.57

3.00
250 265

2.24
2.00

1.50

1.00
f=0 f=0,1d f=0,2d f=0,3d

Figure 13. ax values for d/h = 0.10

In Figure 13 are shown the values of ay for central hole size d / h = 0.10 for both circular joints and
chamfered joints. Note that the maximum values for ax is when f = 0. ax values are higher in the
case of chamfered joints than in the case of circular joints with values of ax lower with 26,04% in
the case of chamfer joints for f = 0.1d, 35,40% for f = 0.2d and 59,38% for f = 0.3d. Note in both
cases a decrease ax coefficient around rectangular holes with increasing size of the joint dimension.

3. Conclusion

In all five cases studied, we observe that it is more advantageous to use circular joints between the
sides of rectangular holes because we obtain lower stress values around them. Sometimes there are
considerable differences between values of the stresses for the two types of joints, as shown in the
previous graphs. For all dimensions studied we obtained lower stress values along with increasing
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the joint dimension in both cases.

From the graphs we deduce a considerable influence of chamfered joints size on coefficient o in
all studied cases. It can also be observed that the relation between size of rectangular holes and
stress values is proportional.
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