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ABSTRACT

Adhesive bonding added a new dimension to the technalogy of fastening. The bonding tech-
nique was applied successfully in different fields such as aircrafts, workshop machines, e.g.:
fully bonded milling machine, and the gear box of a lathe machine, ... etc..

However, no attempts were made on optimizing the various parameters of the joint configura- -

tion on the basis of the strength of a double containment joint.

The work reported here is an investigation into the stress distributions in adhesive bonded
double containment joint. ‘

Itis aimed at improving the joint performance under the static and dynamic loading and to give

most possible uniform stress distribution along the adhesive layers, through the change of joint
geometry.

A problem usually encountered with bonded joints is the differential straining of the adhesive
and adherend materials which causes a state of highly localized stress discountinuity and so
causes high stress concentration at the adhesive free edges.

Itis shown that Poisson’s ratio strains in the adherends of a double containment joinCinduce -

tranverse stresses both in the adhesive and in the adherends and so causing the differential
straining.

The present investigation is aided by the finite element method using an established program
called NASTRAN.

The two-dimensional finite element model (Plain Strain} was used to predict the normal and

principal stresses of the bond layers in the static analysis and the natural frequencies of the sys-
temn in the dynamic one.

The same different joint geometry parameters were investigated for both static and dynamic
analyses. i

- Varying the cantilever depth inside the joint casing was taken as the first parameter of investiga-
- tion. The results obtained indicated that by increasing the depth of the joint beam the strength

increases up to certain limit. While it was found that there is no interpolation between the above

- parameter and the svstem natural frequency. The second parameter taken was the joint casing

tapering, where it improved the joint strength but it reduced the system natural frequency.

' It was found that by increasing the adhesive thickening at the free edge reduces the stress
| concentration and raises the joint natural frequency. '

Real double containment joints, however, are formed with a fillet of adhesive spew, which was

- represented in the finite element models as a triangular fillet. The presence of the fillet sig-
~ nificantly modifies the stress field in the highly-stressed regions at the ends of the overlag.



The significant stresses within the spew are shown to be tensile and at right angles to the direc-

tion of cracks. The maximum stress exists at the adherend corner within the fillet, but its value is
dependent on the adherend corner shape. :

The fillet existence is also recommended In the dynamic case where it raises the natural
frequency of the system.

Finally since the adhesive bonding faciliates the joining of dissimilar materials, it is recom-
mended generally to select the joint casing of lower Poisson’s ratio than the cantilever.

From the present work an optimal joints were obtained for the static, dynamic and static/
dynamic applications, assuming linearly elastic behavior of the adhesive.

-?‘fﬂ‘,‘,i"g

G bt o



_,YI_-'._.“,:.CL-._._.J_J.ﬁ_, u.u.a..nu. anIL_;i:dluL;L..gGhl_,m_.u.m)UL.L_.)JIul
1 gl U 2l UY @bt ] G gatea g JalSIlL
I
|
("-‘-”Jlf-ls-""'.)-‘-"'—‘u“["“ig-l‘"J—"‘YIR“JJJ—‘:‘L-‘JJI‘J‘M'—‘YJL'L‘L“{—““JJ’M
uLl.a.aJluA.ma_dgu.l‘, ;l_,_;_-.‘!ll_—.\,.n‘,_.lk_._,_ll;la'i ,,_-JJn_n_,.Au.:u.Ll _’-”l..’-\.‘..”ul

Lu.n..daJl

Lm},_.:'cuuawluyqu‘u_mmuum_.mmg g:.JILu_.:.,JlJSL.,JI,_,_a
| et 3slall yalt <ol sic

) Ol oiuals palipy 3 ey Lonba ol Basall yualiadl Lk plaisiud o3 lall g gungll 5
JILR I w_,s::_uugm._mutgh (Lols s WS a¥) slail UKy a yabeall
MluuMIJmﬂlwlwwﬂlulaL‘ail

w&mgiwolﬁYthJﬁLﬂIbgmwu ”'JJ..A'J.AJ'U.A.L:J-IJlt.mlJM

g-_....la.ll...,.:...u.llq.l.n

z_.__..z‘l;_.t,LuL_,aJl_,,;js Glal¥l Gyl sie ohyZadl Gl Uit 4ed G Ll L
| - bt ] Q33T Tl e pali] STy Talsd) ells i Jlad] sl Y]
|‘

Oa ISy slea ¥ 30K 55 Tl o M yall Gyt st GuadU] TSlaw 3l 5s O] aay el

PR TR AT




LnLd_uh,ﬂjS.chtaquleﬂlcw.leb.jk‘dl' 5 wie Ligiall
J@lwumn@usuulhudu,sguu_mwwlﬁds&u LouJn_ll

U
Lu_u.‘n..”

I

MJ;JJJUJJ.IIM|UJJA|JJMJJLLAJU lJ_IAYlOJLArI lJLJLJJAJI

Jl Ll.Al-LALJ—IJJ'J L...Lu...il,_,‘...l.....-.l!,_,‘u lJ:—_I-ALL_JJ-”WLaA&”WU)&’JL;I—ILH&yl


http://www.tcpdf.org

‘e o* inghiall )l

¢

DAR ALMANDUMAH

Bipadl Shay L a1l o cig B aig T

The Investigation of the effect of Various Parameters of Double rUlgiell
Containment Joint of a Composite Structure

Krayyem, Ahmad Mohammed r s, aJaoll

Sadek, Medhat M.(Super) o>l Hailio

1990 15>l 2o, U

Sl 18890

1 - 466 1olxaall

586776 :MD 3,

&ol> Jilw, i Sgizeall £95

English :aelll

iow>lo allw, ragodell as)all

u9S]l deol> rasol=l

awaipll ads ra sl

oSl raJgall

Dissertations 1logleoll aclgd

ol bmrgleiSs cauSuiSunll dwaipl :&aolgo

https://search.mandumah.com/Record/586776 Jl,

Jabgazo IJgi=ll groxx .aoghioll 1> 2020 ©
p|.xzu.u\U dsloll 0ia aclb 9| Jrozi iy abbga=o yuiull dgp o> u| lode (il dg.n}- ulz.o| &0 8.99&“ JLQ.J\” e <y aslio 85lodl 03
_,|> 9| )...ou| Ygé> ulxo| o gJa> Su i V9> (wg)SJU| _\J).J| 9| w)u\JI &9|9.o Jw) CIL.a.ug s5| peie) ,.u.\J| 9| J492J| 9| a.u.uJ| &ioy9 « Jnad ;_suaz;.uj'
.oglaioll

www.manharaa.com



https://search.mandumah.com/Record/586776

Notation
Uist of tables

.List of figures

List of curves

CHAPTER 1:

CHAPTER 2:

Contents

Background and Introductory Material

1.1)
1.2)

Historical review"
Object of the project

Basis of Finite Element Method

2.1)
2.2)
2.3)

2.4)

2.5)

2.5)

2.7)

28)

+ Introduction
History
Basic fundamentals
2.3.1) Typical finite element analysis
2.3.2) Assymbly or system analysis
"Pseuda” Example of finite elements
Coordinate systems
2.5.1) Local coordinate systems
2.5.2) Natural coordinate systems
2.5.3) Global coordinate systems
2.5.4) Rectangular element
2.5.5) Triangular element : Area
. cocrdinates
Theory of elasticity
2.6.1) Stress, strain and Hooke's law
2.6.2) The strain-displacements equations
2.6.3) The element matrices
2.6.4) Plane stress and plane strain
2.6.4.1) Plane stress
2.6.4.2) Plane strain
Element analysis
2.7.1) Shape functions
2.7.2) Rectangular element

2.7.2.1) First order rectangular
element
2.7.2.2) Second order rectangular
- element
*.7.2.3) Third order rectanguler
' element :
2.7.2.4) Anelysis steps for
4-noded rectangular element
2.7.2.5) Formulation of element |
stifiness matrix
2.7.2.6) Load vector due 1o boundar
_ forces
2.7.2.9) Assembly
Dynamic analysis :

s

11

13
14
14
17
19

21

21
24 _
22
22 -
23
24
24
24
24
'25
26
27

Z'I.
28

29

32

33
34



;ICHAPTEHB: Solution Covergence

'CHAPTER4:

3.1)

3.2)

3.3)

Static solution
3.1.1) Theoretical solution
3.1.2) NASTRAN solutions

3.1.2.1) According to element’s
type :
3.1.2.2) Structure modelling

3.1.3)Comments
Dynamic solution
3.2.1) Theoretical solution

3.2.2) NASTRAN solutions
Canclusion

Results and Discussion

4.1)

4.2)

Static Analysis
4.1.1) The effect of cantilever depth
inside the joint casing
4.1.2) Joint casing geometrical effect
4.1.2.1) -Effect of case tapering
4.1.2.2) Circular cross-sectional
casing effect
4.1.3) The effect of the surface waviness
4.1.4) The adhesive filiet effect
4.1.5) Adhesive back side effect
4.1.6) Banding of dissimilar materidls
4.1.7) The stress distribution across
the adhesive thickness
4.1.8) The stress transmission across
the adhesive
4.1.8) Comparison in the stress
distribution between bonded and
solid joints.
4.1.10)The stress distributicn acrass
the adhesive section
4.1.11)The Load Magnitude Effect
4.1.12)General discussion and conclusions
Dynamic Analysis
4.2.1) Eflect of the beam depthinside
the joint casing

4.2.1.1) Efiect on the natural
frequencies -
4.2.1.2) Effect on the deflection
4.2.1.3) Effect on stresses
4.2.2) Tepering of the joint casing
4.2.2.1) Effect on the natural
frequencies
422.72) Eifect on the deflecticn
4.2.2.3) Eifect on stresses
4.2.2) Adhesive surface waviness
4.2.3.1) Effect on the naturzl
frequencies
4.2.3.2) Effect on the deflection
4.2.3.3) Effect on stresses

38
41
44
43

43
46
47
47
48
50

53

55°
55
58
64
64
70

74
83

7 .

99

105

107
112
114
118

119
1S
120

124
122

122

- 123

124
125

{25

126
127



REFERENCES
TABLES
FIGURES

CURVES

4.2.4) Adhesive fillet effect

Paqge

128
4.2.4.1) Effect on the natural
frequencies 128
4.2.4.2) Effect on the deflection 130
4.2.4.3) Effect on stresses 130
4.2.5) Joint casing clamping effect 132
4.2.5.1) Effect on the natural
frequencies 32
4.25.2) Effect on the defiection 135
4.2.5.3) . Effect onstresses 135
4.2.6) Bonding of dissimilar adherends 137.
4.2.6.1) Effect on natural .
frequencies 131
4.2.6.2) Effect on the deflection 142
4.2.6.3) _Elect on stresses 142
- 4.2.7) General discussion and conclusions 1‘44
Conclusians 146

148



8
o0

E(x)
L(&)
B(E)
(%)
F(xA)

{F}
[n3.
{53

[8]
{e}
[p]
Uk

NB
NDoF

"

Pt Ilenilexmm

s

NOTATION

Lap joint eccentricity distance

Applied load

Region of domain

Boundary

Any point in the region R

Exact response ar solution to a given point
Governing differential equations

Known boundary conditions

Coordinate function at i point

Exact response or solution to a given point
Arbitrary point in the region

Arbitrary point on the boundary

The summation of the arbitrary points r and P
Trial function or load vector
Coordinate function at i point; called shape function
Nodal displacement at i point

Normal strain vector .

Strain-displacement transformation matrix
Stress matrix

Elasticity matrix

Total potential energy

Stiffness matrix B

Weightage function

Number of degrees of freedom

Bandwidth

Kinematic degrees of freedom, defined in NASTRAN as follows:

1: Displacement in x-direction
2: Displacement in y-direction
3: Displacement in z-direction
4: Rotation around x-axis
S: Rotation around y-axis
6: Rotation around z-axis
Material modulus of elasticity
Moment of inertia
Distance between subsequent nodes
Cartesian coordinate
Cartesian coordinate
Cartesian coordinate, cylindrical coordinate
Nodal displacement in y-direction
Moment
Length ratio of element
Lengthratio of element
Local coordinate
Local ccordinate .
Area coordinate
Element area
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1,2

; Thermal strain

Thermal strain

Thermal strain

Coetficient of thermal expansion
Temperature change

Poisson’s ratio

Displacements corresponding to x, vy, z orr, z, o directions

Displacement component of each point

Body force component in x, y direction (load/volume)

Boundary force components in x, y directions (load /unit length)
Thickness

Summation sign L
Stree-displacement matrix

Shear modulus

Shear Strain

Normal Stress

Shear Stress

Principal angle

Maximum shear stress

Total length of the bond side under consideration

The nondimensional distance along adhesive or adherend

The domain deflection

Adhesive upper side adjacent to the joint casing

Adhesive upper central side

Adhesive upper side adjacent to the joint beam . - - -
Adhesive lower side adjacent to the joint beam )
Adhesive lower central side

Adhesive lower side adjacent to the joint casing

Adhesive back side adjacent to joint casing

Adhesive back central side

Adhesive back side adjacent to the left side of the jointbeam -
Casing upper surface

Casing surface adjacent to the adhesive upper side

Casing surface adjacent to the adhesive back side

Casing surface adjacent o the adhesive lower side

Casing lower surface

Casing back surface

Cantilever surface adjacent to the adhesive upper side

Cantilever surface adjacent to the adhesive back side

Cantilever surface adjacent to the adhesive lower side

Subscripts:-

Refer to directions of stresses and strains in cartesian coordinates CoLL
Refer to major and minor stresses, respectively

W
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- Dynamic Symbols

Mass matrix

Damping matrix

Stiffness matrix

Displacement matrix

Velocity matrix

Acceleration matrix

Generalized forces applied to nodes corresponding to {D}
Displacement of each element

Velacity of each element

Shape function matrix

Material density

Total kinetic energy of the structure

Dissipative forces

Eigenvalue

Systemi-th natural frequency (rad/sec)

The squared eigenvalue

Unit matrix

Symmetric matrix

Trial vector

Time step

The shifted eigenvalue

Constant

Constant '

Systemi-th natural frequency (cycle/sec)
Constant = 3.147 -

The i-th amplitude of the system with respectto fi
The displacement vector-

Mass density of the beam per unit length

The characteristic function of the n-th mode

The elastic curve in the x-direction with respect to free vibration
The elastic curve in the y-direction with respect to free vibration
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ABSTRACT

Adhesive bonding added a new dimension to the technalogy of fastening. The bonding tech-
nique was applied successfully in different fields such as aircrafts, workshop machines, e.g.:
fully bonded milling machine, and the gear box of a lathe machine, ... etc..

However, no attempts were made on optimizing the various parameters of the joint configura- -

tion on the basis of the strength of a double containment joint.

The work reported here is an investigation into the stress distributions in adhesive bonded
double containment joint. ‘

Itis aimed at improving the joint performance under the static and dynamic loading and to give

most possible uniform stress distribution along the adhesive layers, through the change of joint
geometry.

A problem usually encountered with bonded joints is the differential straining of the adhesive
and adherend materials which causes a state of highly localized stress discountinuity and so
causes high stress concentration at the adhesive free edges.

Itis shown that Poisson’s ratio strains in the adherends of a double containment joinCinduce -

tranverse stresses both in the adhesive and in the adherends and so causing the differential
straining.

The present investigation is aided by the finite element method using an established program
called NASTRAN.

The two-dimensional finite element model (Plain Strain} was used to predict the normal and

principal stresses of the bond layers in the static analysis and the natural frequencies of the sys-
temn in the dynamic one.

The same different joint geometry parameters were investigated for both static and dynamic
analyses. i

- Varying the cantilever depth inside the joint casing was taken as the first parameter of investiga-
- tion. The results obtained indicated that by increasing the depth of the joint beam the strength

increases up to certain limit. While it was found that there is no interpolation between the above

- parameter and the svstem natural frequency. The second parameter taken was the joint casing

tapering, where it improved the joint strength but it reduced the system natural frequency.

' It was found that by increasing the adhesive thickening at the free edge reduces the stress
| concentration and raises the joint natural frequency. '

Real double containment joints, however, are formed with a fillet of adhesive spew, which was

- represented in the finite element models as a triangular fillet. The presence of the fillet sig-
~ nificantly modifies the stress field in the highly-stressed regions at the ends of the overlag.



The significant stresses within the spew are shown to be tensile and at right angles to the direc-

tion of cracks. The maximum stress exists at the adherend corner within the fillet, but its value is
dependent on the adherend corner shape. :

The fillet existence is also recommended In the dynamic case where it raises the natural
frequency of the system.

Finally since the adhesive bonding faciliates the joining of dissimilar materials, it is recom-
mended generally to select the joint casing of lower Poisson’s ratio than the cantilever.

From the present work an optimal joints were obtained for the static, dynamic and static/
dynamic applications, assuming linearly elastic behavior of the adhesive.
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NOTATION

Lap joint eccentricity distance

Applied load

Region of domain

Boundary

Any point in the region R

Exact response ar solution to a given point
Governing differential equations

Known boundary conditions

Coordinate function at i point

Exact response or solution to a given point
Arbitrary point in the region

Arbitrary point on the boundary

The summation of the arbitrary points r and P
Trial function or load vector
Coordinate function at i point; called shape function
Nodal displacement at i point

Normal strain vector .

Strain-displacement transformation matrix
Stress matrix

Elasticity matrix

Total potential energy

Stiffness matrix B

Weightage function

Number of degrees of freedom

Bandwidth

Kinematic degrees of freedom, defined in NASTRAN as follows:

1: Displacement in x-direction
2: Displacement in y-direction
3: Displacement in z-direction
4: Rotation around x-axis
S: Rotation around y-axis
6: Rotation around z-axis
Material modulus of elasticity
Moment of inertia
Distance between subsequent nodes
Cartesian coordinate
Cartesian coordinate
Cartesian coordinate, cylindrical coordinate
Nodal displacement in y-direction
Moment
Length ratio of element
Lengthratio of element
Local coordinate
Local ccordinate .
Area coordinate
Element area
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1,2

; Thermal strain

Thermal strain

Thermal strain

Coetficient of thermal expansion
Temperature change

Poisson’s ratio

Displacements corresponding to x, vy, z orr, z, o directions

Displacement component of each point

Body force component in x, y direction (load/volume)

Boundary force components in x, y directions (load /unit length)
Thickness

Summation sign L
Stree-displacement matrix

Shear modulus

Shear Strain

Normal Stress

Shear Stress

Principal angle

Maximum shear stress

Total length of the bond side under consideration

The nondimensional distance along adhesive or adherend

The domain deflection

Adhesive upper side adjacent to the joint casing

Adhesive upper central side

Adhesive upper side adjacent to the joint beam . - - -
Adhesive lower side adjacent to the joint beam )
Adhesive lower central side

Adhesive lower side adjacent to the joint casing

Adhesive back side adjacent to joint casing

Adhesive back central side

Adhesive back side adjacent to the left side of the jointbeam -
Casing upper surface

Casing surface adjacent to the adhesive upper side

Casing surface adjacent to the adhesive back side

Casing surface adjacent o the adhesive lower side

Casing lower surface

Casing back surface

Cantilever surface adjacent to the adhesive upper side

Cantilever surface adjacent to the adhesive back side

Cantilever surface adjacent to the adhesive lower side

Subscripts:-

Refer to directions of stresses and strains in cartesian coordinates CoLL
Refer to major and minor stresses, respectively
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- Dynamic Symbols

Mass matrix

Damping matrix

Stiffness matrix

Displacement matrix

Velocity matrix

Acceleration matrix

Generalized forces applied to nodes corresponding to {D}
Displacement of each element

Velacity of each element

Shape function matrix

Material density

Total kinetic energy of the structure

Dissipative forces

Eigenvalue

Systemi-th natural frequency (rad/sec)

The squared eigenvalue

Unit matrix

Symmetric matrix

Trial vector

Time step

The shifted eigenvalue

Constant

Constant '

Systemi-th natural frequency (cycle/sec)
Constant = 3.147 -

The i-th amplitude of the system with respectto fi
The displacement vector-

Mass density of the beam per unit length

The characteristic function of the n-th mode

The elastic curve in the x-direction with respect to free vibration
The elastic curve in the y-direction with respect to free vibration
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Chapter One

Background and Introductory Material
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| Chapter One

1.1) Historical Review

.Adhesively bonded joints have been analysed by various people over the last fifty

years using closed form techniques of various complexity, besides other numerical
‘methods such as the finite difference method. -

The earliest analyses of adhesive bonded joints were purely elastic and were analysed
with the aid of the closed form approach. The first analysis is that of Volkersen who in
11938 [1], computed adhesive shear stress distribution along the lap length caused by
the differential straining of adherends in which he assumed the lengthwise stretching

‘of the adhesive to remain straight. This cause the stress concentrations at the ends of
the overlap. Volkersen did not examine the tearing stress resulting from bending of .
the members due to ecentricity of the load path.

----- > (Bending Moment = Fd, due eccentricity in load path by a distance d)

Fig1.1: The Eccentricity of the Load Path in a Lap Joint

|

|

|

‘While Golland and Reissner in 1944 (2], presented the equivalent analysis for an
‘asymmetrical single lap joint such that the normal stresses in the adhesive layer cause
jtransverse deflection; besides the shear and tear stresses; and the adherend bending
[causes the overlap region to rotate due to the eccentricity in the load path by a dis-
tance (d). This case is considered as a large displacement problem. This analysis was
‘simplified as being in-plane strain.

?An attempt to combine the Golland and Reissner theory with Volkersen's theory was
{done by Plantema (3] in order to compute the differential strain of the members and

the stress distribution at the end of the lap joint overlap.

Cornell [4] determined the stress distribution along the lap joint on the assumption
ithat the adherends behave like simple beams and the lower modulus adhesive layer
‘can be represented by a number of shear and tension springs. This conclusion meets
‘with my results, since the variation of the stresses along the adhesive upper and lower
sides of the double containment joint, as witl be explained later, (fig. 4.*.1) behaves
‘approximately linearly, besides that the beam of this joint behaves as the cantilever
since itis bonded to containment from one side.

|

Reissner and Lubkin [5] considered the distribution of stress in the adhesive lap joint
Detween thin cylindrical tubes of circular cross-section loaded in tension. Lubkin has
established conditions under which a flat or tubular joint can have uniformly dis-

i
|
i

P i




tributed stresses in the adhesive and has given a formula for these stresses for the

case in which the adhesive obeys the linear stress-strain relation.

- Renton and Vinson (6], Sirinivas {7] and Allman [8] in whose investigations differential
| equations are set up for the closed form solution in order to consider the effect of

bending, transverse normal and shear deformations, were assuming a squared edged
adhesive layer at the end of the lap joint overlap, while Mylonas [9] found that the

' change of inclination of the adhesive free surface to the adherend moves out thestress
- concentration to near the trailing corner somewhere of contact angle of 50 degree and
' 40 degrees. When an adhesive fillet was included the highest stress was found at 45

- degreesto the surface of the adherend and near the adherend corner. Mylonas, also

investigated experimentally various edge shapes of the lap joint with the aid of

- photoelastic techniques.

- Maclaren [10], August 1957, examined the effect of deformation in a bonded lap joint -
. due to applied load; Golland and Reissner [11]; used photo-elasticity to cover a wider

range of such deformations. Hahn [12] showed that the adhesive shear stresses were

- highest at the corners of the lap joint. This cbservation agrees with the stress distribu-

tion of the present work where ¢, 6y , T, O and T,,increase along the ad-

| hesive upper and lower sides for the beam inner left corner towards the adhesive free
i edge. AN

In the classical analyses of Volkersen [1] and of Golland and Reissner[11]it was as-
sumed that the adhesive shear stresses could be represented as constant across the
adhesive thickness. In fact, this is not the case because of the stress-free state of the
exposed end of the adhesive layer. The consequence of this increase of the analysis
has been to reduce the predicted peak elastic shear substantially and to move it in-

. board, away from the very end of overlap. Allman [8] has allowed for a linear variation

ofthe peel stress across the adhesive thickness, although his adhesive shear stress is
constant. Approximalely it is accepted as will be shown in the present work to con-
sider the stress variation across the adhesive thickness as constant, but for low scale
of bond thickness, specifically at the free end.

In 1220, Hart Smith [13] worked out several bonded joint configurations such as the
uniform or stecped and tapered adherends, using the closed form solution. He con-
cluded that {or the long overlzp structural joints the strength is independent of over-
lap. Therelore for a short overlap the strength is sensitive up to a certain limit in which
it afterwards becomes independent. In the present work, it is concluded that for a
Joutle containment joint, the stresses in the adhesive sides are sensitive up to 75% of
the team depth afterwhich the stresses are insensitive, as shown in fig 4.*.1. Hart
Smith has accounted for the adherend bending for both the single and double lap
joints as boundary conditions at the ends of the overfap for determining the peaks of
the adhesive shear and peel stresses, but the solution is approximated, since Smith
has neglected the out of plane bending which induces the peel stresses.

Lubkin [5], Wah [14] and Webber [15] analysed the scarf joints while Thamm [16]
studied the scarf and beve! joints. The latter concluded tapering to be of little sig-
nificance unless afine edge cculd be obtained which is difficult to be maintained. This
observation meets with mine since itis found that the stress distribution along the ad-
hesive sides isn't appreciably sensitive to the casing tapering of the double contain-
ment jaint except for the scarted one which is Not practical,
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