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ÓÄÊ 539.4

Ðàñïðåäåëåíèå íàïðÿæåíèé â áàëêàõ, àäãåçèîííî ñîåäèíåííûõ âíàõëåñòêó

Êñ. Õè, Þ. Âàíã

Èññëåäîâàòåëüñêèé öåíòð èííîâàöèîííîãî ïðîèçâîäñòâà, Ôàêóëüòåò ìàøèíîñòðîåíèÿ è ýëåêòðî-

òåõíèêè, Êóíüìèíñêèé óíèâåðñèòåò íàóêè è òåõíîëîãèè, Êóíüìèí, Êèòàé

Ñ ïîìîùüþ òðåõìåðíîãî ìåòîäà êîíå÷íûõ ýëåìåíòîâ èññëåäîâàëîñü ðàñïðåäåëåíèå íàïðÿ-

æåíèé âäîëü íåðàçðåçíûõ áàëîê, àäãåçèîííî ñîåäèíåííûõ âíàõëåñòêó. Äëÿ ÷åòûðåõ òèïè÷íûõ

õàðàêòåðèñòèê ñâÿçóþùèõ ìàòåðèàëîâ ïîëó÷åíû ðàñïðåäåëåíèÿ íàïðÿæåíèé â ñîåäèíåííîì

ñå÷åíèè. Ðåçóëüòàòû èññëåäîâàíèé ïîêàçàëè, ÷òî äëÿ êîìïîíåíò íàïðÿæåíèé S11 , S22 , S12 è

S13 èìååò ìåñòî ñèíãóëÿðíîñòü íàïðÿæåíèé íà íèæíåé è âåðõíåé ãðàíèöàõ áàëêè. ×åì âûøå

ãðàíè÷íûå çíà÷åíèÿ òâåðäîñòè ñâÿçóþùèõ ìàòåðèàëîâ, òåì ìåíüøå çíà÷åíèÿ íàïðÿæåíèé

ðàçðûâà â ñêëåèâàåìûõ è ñâÿçóþùèõ ìàòåðèàëàõ íà ãðàíèöàõ. Ïîëó÷åííûå ðåçóëüòàòû ñâèäå-

òåëüñòâóþò î òîì, ÷òî â íåðàçðåçíûõ áàëêàõ, ñîåäèíåííûõ âíàõëåñòêó, ñîñòàâëÿþùèå

íîðìàëüíûõ S11 , S33 è êàñàòåëüíûõ S13 íàïðÿæåíèé äîìèíèðóþò ñðåäè ñîñòàâëÿþùèõ

ïîëåé íàïðÿæåíèé, ïðè÷åì íàïðÿæåíèå S11 ÿâëÿåòñÿ ñàìûì âûñîêèì, à íàïðÿæåíèå S33 –

ñàìûì îïàñíûì, ïîñêîëüêó ñâÿçàíî ñ íàïðÿæåíèåì îòðûâà. Ðåçóëüòàòû ÷èñëåííûõ èññëå-

äîâàíèé ïîêàçàëè, ÷òî êîýôôèöèåíòû êîíöåíòðàöèè íàïðÿæåíèé âàðüèðóþòñÿ êàê äëÿ ðàç-

íûõ êîìïîíåíò íàïðÿæåíèé, òàê è äëÿ ðàçíûõ ñâÿçóþùèõ ìàòåðèàëîâ, ÿâëÿÿñü ïðàêòè÷åñêè

îäèíàêîâûìè äëÿ äâóõ êîíöîâ ñâÿçóþùåãî ñå÷åíèÿ.

Êëþ÷åâûå ñëîâà: áàëêà, ñîåäèíåííàÿ âíàõëåñòêó, ðàñïðåäåëåíèå íàïðÿæåíèé, êî-

íå÷íîýëåìåíòíûé àíàëèç, àäãåçèîííîñòü, ñèíãóëÿðíîñòü íàïðÿæåíèé.

Introduction. Adhesive bonding is becoming a widespread candidate technique for

joining light-weight structural components. Consequently the static and dynamic behavior

of these joints has been the subject of a considerable amount of experimental and numerical

studies [1–6]. However, most investigations of the stress distribution in single-lap adhesively

bonded beams have focused solely on the adhesive layers. There has been no work found

which considered the stress distribution over the entire single-lap adhesively bonded beams

including the adherends and the adhesive layer. Although the adhesive layer is the critical

part of a single-lap adhesively bonded beam, it is very important to know the stress

distributions not only in the adhesive layer, but also in the adherends and at the adherend–

adhesive interfaces.

In the present work, the stress distribution along the total single-lap adhesively

bonded beam has been investigated using the 3D finite element (FE) method. Specifically,

FE solutions of the stress distributions in the bonded section have been obtained for four

typical characteristics of adhesives.
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1. Configuration and Properties of Adhesively Bonded Beams with Different

Adhesives.

1.1. Configuration and Material Properties. The single-lap adhesively bonded beam

studied in the present work is shown in Fig. 1. The two adherends used were aluminium

alloy plates of the following dimensions: 200 mm long, 25 mm wide, and 4 mm thick. The

boundary conditions are also shown in Fig. 1. A distributed load of 1000 N is applied at the

right end face of the upper adherend in the x-direction. The free end of the upper adherend

is restrained in the z-direction, that is, there is zero displacement in the z-direction.

In order to make the description of the different parts of the beam clear, the beam is

subdivided as shown in Fig. 1: point A corresponds to the clamped end of the lower

adherend (x� 0); point B – to the left free end of the bonded section and the upper adherend

(x� 0.175 m); point C – to the right free end of the bonded section and the lower adherend

(x� 0.2 m); point D – to free or simply supported end of the upper adherend (x� 0.375 m).

The range of adhesive properties covers the mechanical properties of various types of

structural adhesives including rubbers, elastomers, epoxies and ceramic glues as illustrated

in Fig. 2. In this figure, the Young modulus and Poisson’s ratio are plotted against the

hardness of materials. The three different regions of viscoelastic behaviour and some types

of adhesives that fall into these categories are shown in Fig. 2.
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Fig. 1. A single-lap adhesively bonded beam.

Fig. 2. Typical master curve of viscoelatic behavior of viscoelastic materials with a conceptual scale

of relative degree of hardness superimposed. (RR = rubbery region (rubbers, elastomers, e.g., Evostik

and Bostik adhesives), TR = transition region (epoxies, e.g., Araldite 2-part epoxy), GR = glassy

region (e.g., ceramic glues).)



In order to simplify description of the different combinations of Poisson’s ratios and

the Young modulus employed, the following designations are used:

RR-beam: � ad � 0.49999, Ead � 0.001 GPa, a bonded beam with adhesive properties

in the rubbery region;

TR-beam: � ad � 0.40, Ead � 1 GPa, a bonded beam with adhesive properties in the

rubber-to-glass transition region;

GR-beam: � ad � 0.30, Ead � 10 GPa, a bonded beam with adhesive properties in

the glassy region;

H-beam: � ad � 0.33, Ead � 70 GPa, a homogeneous beam with no joint.

The Young modulus value Ead � 70 GPa is not realistic for any polymeric structural

adhesive or epoxy. It represents aluminium alloy “adhesive” which is, in fact, an aluminium

alloy welding. This value was used in the analysis, in order to obtain a reference value for

the maximum stresses of a single-lap adhesively bonded beam.

1.2. Definition of Axes and Basic Equations. As shown in Fig. 3, the components of

stress in a body are defined by considering the forces acting on an infinitesimal cubical

volume element whose edges are parallel with the coordinate axes 1, 2, 3 which are

equivalent to the coordinates x y z, , shown in Fig. 4. As the cube is in equilibrium, the

components of stress are therefore defined by six independent quantities: the normal

stresses S11 , S 22 , and S 33 and the shear stresses S12 , S13 , and S 23.

Stress Distribution Behavior in Single-Lap Adhesively Bonded Beams
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Fig. 3. Components of stresses.

Fig. 4. Original FE mesh of the single-lap adhesively bonded beam.



1.3. The FE Mesh. The FE mesh was created using the ABAQUS FE pre- and

post-processing program operating in X-window environment. Because of the 3D nature of

the stress state in the single-lap bonded beam and because of the anticipated stress

concentration in the adhesive layer of the beam, small finite elements were used within the

adhesive layer and around the adhesive-adherend interfaces and larger elements were used

in the outer regions of the adherends. The adhesive layer was divided into 64 equal parts

along its length (x-direction) and 20 equal parts along its width (y-direction) in order to

obtain an accurate indication of the variation of stresses in the lengthwise and breadthwise

directions. Along the thickness (z-direction), the adhesive layer was divided into 5 equal

layers of elements.

The input into the FE program was the geometrical description of 16,160 elements

and their material properties. The locations of nodal points were set by the ABAQUS input

file as a function of the length and width of the lap-joint beam, that is, in accordance with

the geometric parameters of the model. Also the material parameters of the adhesive and

adherends were input via the ABAQUS input file. The original FE mesh is shown in Fig. 4

which also shows the directions of the coordinat axes x y z, , . This model was expected to

be an adequate one as it had a sufficient accuracy and a moderate number of elements [7].

2. Effect of the Mechanical Properties of the Adhesives on Distributions of

Stresses. Since failure of single lap-joints initiates where high stresses occur, the maximum

stresses are of interest. In this section, the distributions of different components of stresses

along the critical line, in which the maximum stresses occur, will be studied. These

investigations are carried out for 3 types of adhesives, whose properties lie within the

rubbery region (RR), the rubber-to-glass transition region (TR) and the glass region (GR).

Thus the investigations are based on three single-lap bonded beams, namely, RR-beam,

TR-beam, and GR-beam. For purposes of comparison, the stresses induced in the

homogeneous beam without a lap-joint, that is the H-beam, is also investigated.

2.1. RR-Beam. The original mesh and displaced mesh of the RR-beam are shown in

Fig. 5. It is clear that bending is induced in both the lower and upper adherends and the

adhesive layer is considerably stretched. Figure 6 shows the distributions of 6 components

of stresses along the critical line along the total RR-beam. In this figure, the stress

distributions in the lower adherend is indicated by dashed line, the stress distributions in the

adhesive layer is indicated by solid line, and the stress distributions in the upper adherend is

indicated by a dash-dotted line. It can be seen from that in the upper adherend, excepting

the queer end stress concentration caused by the loading conditions, the trends of the stress

distributions of the upper adherend are opposite to those of the lower adherend. However,

the values of the stresses induced in the upper adherend are little bigger than those of the

lower adherend as the type of support is different.

2.1.1. Variation of the Normal Stress S11. From the numerical results of the FE

analyses, it was observed that the maximum value of the normal stress S11 occurs at the

central line ( y� 0.125 m). This means that the central line is the critical line in this case. It

is seen from Fig. 6 that in the lower adherend, the value of S11 increases rapidly from A to

B and there is a stress concentration at B. The value decreases rapidly from B and attains

the minimum value near x� 0.195 m, then increases sharply at C. For the upper adherend,
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Fig. 5. Original mesh and displaced mesh of RR-beam.
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the normal stress S11 starts at B at a magnitude which is well below the corresponding

stress magnitude at location B of the lower adherend. This difference in stress magnitude is

due to the load transfer provided by the adhesive, from point B, the stress in the upper

adherend decreases to the minimum value at x� 0.179 m and then increases to the

maximum value at C. Thereafter, the stress decreases until it reaches the nominal value of

10 MPa at D, the tip of the beam. This nominal value is due to the tensile load of 1000 N

acting on the cross-section (25 4� mm) of the beam which is well removed from the bonded

section.

In the adhesive layer, it is clear that there are stress concentrations at both the left and

right free ends of the adhesive layer. However, the central region of the adhesive layer is

mostly stress-free. It should be noted that for the scale of the stress variations shown in

Fig. 6, the stress distribution in the adhesive layer at the lower adherend-adhesive interface

and the upper adherend-adhesive interface are the same. Actually, there are very slight

differences. For this loading and boundary conditions employed, the stresses in the upper

interface are slightly greater than those of the lower interface. In addition, the stresses

induced in the adherends at the interfaces are generally greater than those induced in the
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Fig. 6. Distributions of 6 components of stresses along the total RR-beam. (Designations here and in

Figs. 8–10: adhesive layer = solid lines, lower adherend = dashed lines, and upper adherend =

dash-dotted lines.)
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adhesive at corresponding locations. Thus, each of the nodes located on the lower or upper

interface has two different values of the same stress component. One stress component

value is associated with the adherend while the other value is associated with the adhesive.

These differences form a strongly pronounced stress discontinuity in the bonded section

as evident from Fig. 6. This stress discontinuity may be the cause of delamination failure.

This point will be discussed further in the next section.

2.1.2. Variation of the Normal Stress S 22. For the normal stress S 22, it is clear that

the critical line is also the central line ( y� 0.125 m). Figure 6 shows that the value of S 22

in the lower adherend between A and B is close to zero. But near B, the value of S 22

increases rapidly and attains the maximum value at B. Thereafter S 22 decreases to zero but

then it increases again to a high value at C. Between B and C the value of S 22 is

practically zero, but at B and C, S 22 attains high values. There are stress concentrations at

B and C. Similarly, for the upper adherend, S 22 has high values at B and C. But between B

and C, and between C and D, S 22 is close to zero in magnitude. It is also clear that there

are stress concentrations at both the left and right free ends of the adhesive layer. In

addition, there is still a stress discontinuity in the bonded section, in this case, but it is less

pronounced than that of the normal stress S11. Furthermore, the absolute value of S 22 is

much smaller than that of S11.

2.1.3. Variation of the Normal Stress S 33. As with S11 and S 22, the central line is

the critical line for the normal stress S 33. In contrast to the distributions of S11 and S 22,

in the lower adherend, Fig. 6 shows that the value of S 33 is very close to zero from A to B

but rises abruptly to the maximum value at B. Between B and C, S 33 oscillates in value

between 0 and �2 MPa. At C, S 33 again attains the maximum value. Similarly, the values

of S 33 in the upper adherend starts from a very high value of 6 MPa at B, oscillate

between 0 and �2 MPa from B to C, attain the maximum value of about 6 MPa at C and

then drop abruptly to zero. Between C and D, S 33 attains zero value. Again, there are

stresses concentrations at both the free ends of the adhesive layer. Figure 6 also shows that,

in the case of S 33, there is no significant stress discontinuity in the bonded section.

2.1.4. Variation of the Shear Stress S12. In this case, the critical lines ( y� 0.00125

and 0.02375 m) are very close to the front and rear edges. Figure 6 shows the rear critical

line ( y� 0.02375 m). As shown in Fig. 6, from A to B, S12 first keeps close to zero, then

decreases near point B, and attains a low value at B. Within the bonded section, there is a

slight stress discontinuity. As shown in Fig. 6, there is a high stress concentration at D,

which is regarded as a result of the loading conditions.

2.1.5. Variation of the Shear Stress S13. From the numerical results, the critical line of

this case is the central line. As shown in Fig. 6, in the lower adherend, the value of S13

keeps close to zero from A to B and exhibits the stress concentration at B. There are stress

concentrations at both free ends of the adhesive layer. In contrast to other cases, the value

of S13 is higher than zero.

2.1.6. Variation of the Shear Stress S 23. In this case, there are two critical lines at the

front and rear edges, while Fig. 6 shows the front one. From A to B, the value of S 23 keeps

close to zero and exhibits a slight stress concentration at B. Within the bonded section, the

variation of S 23 is complicated, but its value is very small. Similar to the case of S12, there

is a strongly pronounced stress concentration at D.

2.2. TR-Beam. Figure 7 shows the original mesh and displaced mesh of the TR-beam.

Similar to the the case of RR-beam, bending is induced in both the lower and upper

adherends. In contrast to the case of RR-beam, there is not obvious stretch at the adhesive

layer in this case.

The distributions of 6 components of stresses along the critical lines in the total

TR-beam are shown in Fig. 8. It is clear that the variations of S11 , S 22 , S 33 , and S13 are

similar to those of the RR-beam, but the stress values are higher than those of the RR-beam.
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The stress discontinuities obviously exist only in the cases of S11 and S 22. In the cases of

S12 and S 23, the variations of stresses are different from those of the RR-beam, and the

values of stress concentration factors are higher.

2.3. GR-Beam. The original mesh and displaced mesh of the GR-beam are similar to

the TR-beam. The distributions of 6 components of stresses along the critical lines in total

GR-beam are shown in Fig. 9. It can be seen that the variations of 6 components of stresses

are similar to those of the TR-beam, but the stress values are higher than in the TR-beam.

The stress discontinuity obviously exists only in the case of S11.

2.4. H-Beam. The original mesh and displaced mesh of the H-beam are similar to the

TR-beam. Figure 10 shows the distributions of 6 components of stresses along the critical

lines in total H-beam. It is clear that the variations of 6 components of stresses are similar

to those of the GR-beam, but their values of the stresses are higher than in the GR-beam.

As it might have been expected, there is not obvious stress discontinuity, in this case, sinces

the H-beam is a homogeneous beam with no joints.
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Fig. 7. Original mesh and displaced mesh of TR-beam.

Fig. 8. Distributions of 6 components of stresses along the total TR-beam.
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Among 6 components of stress, S11 attains the most high values, but S 33 and S13

are really dangerous components, insofar as the peel is weak link of the bonded joints. The

above observations imply that under the tensile loading conditions the stress field in the

total single-lap adhesively bonded beams is dominated by S11 , S 33 , and S13.

3. Comparision of Dominating Stresses. It was shown in the previous section that

for all four single-lap adhesively bonded beams the stress concentration occur at the ends of

bonded section. For some of the stress components, there are stress discontinuities in the

bonded section. Thus, a careful examination of the stress distributions in the bonded section

is necessary. As mentioned in the previous section, the stress field in the total single-lap

adhesively bonded beams is dominated by S11 , S 33 , and S13. The stress distributions of

these dominating stress components will be discussed further.

3.1. Comparision of Normal Stresses S11. Figure 11 shows the S11 distributions of

4 typical beams in the bonded section (x� 0.175 m to x� 0.2 m). Again, solid lines denote

the stress distributions of the adhesive layer, dash lines denote the stress distributions of the

lower adherend and dash/dotted lines denote the stress distributions of the upper adherend.

It is seen from Fig. 11 that the stress discontinuities exist in the case of S11 , with exception

of the H-beam, which is a homogeneous beam with no joints. The higher the hardness of

adhesives, the smaller the discontinuities between the stresses induced in the adherends and

adhesive at the interfaces.

Table 1 shows the values of the normal stresses S11 at key locations of the joint and

the respective stress concentration factors, which are calculated as the ratio of the numerical
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Fig. 9. Distributions of 6 components of stresses along the total GR-beam.
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values of stresses S11 in the adherend and adhesive at the same location. It is clear that, in

the case of S11, the stresses in adherends are much higher than in adhesives. This

observation implies that the adherends sometimes are the first to fail, though they are

usually stronger than the adhesives.

3.2. Comparision of Normal Stress S 33. The stress distributions of S 33 of 4 typical

beams in the bonded section are shown in Fig. 12. It can be seen that there is not stress

discontinuity in this case. In contrast to the case of S11, these stresses attain both positive

and negative values, the absolute values of the negative ones being smaller than those of
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Fig. 10. Distributions of 6 components of stresses along the total H-beam.

T a b l e 1

Normal Stress S 11 of Bonded Beams at Selected Points in the Adhesive Joint

Normal stress S11 (MPa)

RR-beam TR-beam GR-beam H-beam

Location B C B C B C B C

Adherend 45.46 54.22 67.82 84.63 103.17 129.11 158.11 197.98

Adhesive 12.70 14.40 14.81 18.93 26.33 33.15 73.99 92.71

SCF 3.58 3.76 4.58 4.47 3.93 3.89 2.14 2.14

Note. Here and in Tables 2 and 3: SCF = stress concentration factor.
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Fig. 11. Distributions of S11 of 4 typical beams at the bonded section.

Fig. 12. Distributions of S33 of 4 typical beams at the bonded section.
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the positive ones. The calculated values of S 33 at key locations of the joint and the stress

concentration factors are given in Table 2. Surprisingly, all stress concentration factors are

smaller than 1. In other words, in the case of S 33, the stresses in adhesives are higher than

in adherends. This means that adhesives will certainly be the first to fail.

3.3. Comparision of Shear Stresses S13. Figure 13 depicts the S13 distributions of 4

typical beams in the bonded section. Similar to the case of S 33, the calculated stresses

attain both high positive values, and low negative ones. Within the bonded section, the

calculated stresses values tend from positive values to zero.

Table 3 shows the numerical values of S13 stresses at key locations of the joint and

the respective stress concentration factors. It is seen that, in the case of RR-beam, stresses

in adherends are much higher than in adhesives. In the case of GR-beam, however, these

values are nearly the same. It can be seen from Tables 1–3 that the stress concentration

factors in the both ends of the bonded section are nearly the same.

T a b l e 2

Normal Stress S 33 of Bonded Beams at Selected Points in Adhesive Joint

Normal stress S33 (MPa)

RR-beam TR-beam GR-beam H-beam

Location B C B C B C B C

Adherend 6.20 6.90 15.45 19.74 33.90 42.04 55.25 69.27

Adhesive 12.70 13.90 21.17 27.10 43.49 55.35 62.08 78.83

SCF 0.49 0.50 0.73 0.73 0.76 0.76 0.89 0.88
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Fig. 13. Distributions of S13 of 4 typical beams at the bonded section.
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Conclusions. The stress distributions of complete single-lap adhesively bonded beams

have been investigated using the 3D FE method. Specifically, FE solutions of the stress

distributions in the bonded section have been obtained for three typical characteristics of

adhesives. The results are summarized as follows:

1. The stress distributions of a single-lap adhesively bonded beam are strongly

affected by the characteristics of adhesive.

2. Stress discontinuities exist in the stress distributions within the adhesive and

adherend at the interface, especially for the stress components S11 , S 22 , S12 and S13.

The larger the hardness of adhesives, the smaller the discontinuities between the stresses

induced in the adherends and adhesive at the interfaces.

3. The stress field in the total single-lap adhesively bonded beam is dominated by the

normal stress components S11 and S 33, and the shear stress component S13. Although the

stress component S11 is the largest component by magnitude, but the component S 33 is

potentially more significant because it is related to the peel stress, which is ultimately

responsible for the failure of adhesively bonded joints.

4. The stress concentration factors are different for various stress components, as well

as varioust adhesives. However, the stress concentration factors in both ends of the bonded

section are nearly the same.
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Ð å ç þ ì å

Çà äîïîìîãîþ òðèâèì³ðíîãî ìåòîäó ñê³í÷åííèõ åëåìåíò³â äîñë³äæåíî ðîçïîä³ë íà-

ïðóæåíü óçäîâæ íåðîçð³çíèõ áàëîê, àäãåç³éíî ç’ºäíàíèõ âíàïóñê. Äëÿ ÷îòèðüîõ

òèïîâèõ õàðàêòåðèñòèê ñïîëó÷íèõ ìàòåð³àë³â îòðèìàíî ðîçïîä³ë íàïðóæåíü ó ç’ºäíó-

âàëüíîìó ïåðåð³ç³. Ðåçóëüòàòè äîñë³äæåíü ïîêàçàëè, ùî äëÿ êîìïîíåíò íàïðóæåíü

S11 , S 22 , S12 òà S13 ìàº ì³ñöå ñèíãóëÿðí³ñòü íàïðóæåíü íà íèæí³é òà âåðõí³é

ãðàíèöÿõ áàëêè. ×èì âèùå ãðàíè÷í³ çíà÷åííÿ òâåðäîñò³ ñïîëó÷íèõ ìàòåð³àë³â, òèì

ìåíøå çíà÷åííÿ íàïðóæåíü ðîçðèâó â ñêëåþâàíèõ ³ ñïîëó÷íèõ ìàòåð³àëàõ íà ãðàíè-

öÿõ. Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü, ùî â íåðîçð³çíèõ áàëêàõ, ç’ºäíàíèõ âíàïóñê,

ñêëàäîâ³ íîðìàëüíèõ S11 , S 33 ³ äîòè÷íèõ S13 íàïðóæåíü º äîì³íóþ÷èìè ñåðåä

ñêëàäîâèõ ïîë³â íàïðóæåíü, ïðè öüîìó íàïðóæåííÿ S11 º íàéâèùèì, à S 33 –

íàéíåáåçïå÷í³øèì, îñê³ëüêè çâ’ÿçàíå ç íàïðóæåííÿì â³äðèâó. Ðåçóëüòàòè ÷èñåëüíèõ

äîñë³äæåíü ïðî³ëþñòðóâàëè, ùî êîåô³ö³ºíòè êîíöåíòðàö³¿ íàïðóæåíü âàð³þþòüñÿ ÿê

äëÿ ð³çíèõ êîìïîíåíò íàïðóæåíü, òàê ³ äëÿ ð³çíèõ ñïîëó÷íèõ ìàòåð³àë³â, ïðîòå âîíè

ïðàêòè÷íî îäíàêîâ³ äëÿ äâîõ ê³íö³â ç’ºäíóâàëüíîãî ïåðåð³çó.
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