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Adhesive bonded joint tubular shape are widely used in the aerospace and automotive
industries. However, the literature study showed that the stress distribution at the joint, when
loaded, is not evenly distributed and creates stress concentration at the edges. The strength
and lifetime of adhesive bonded joints can be significantly improved by reducing the stress
concentration at the edges. Attempts have been made by researchers to improve the joint
design so that the stress would be more evenly distributed and minimize stress concentration,
however, the improvement has been very limited. In this work, a parameter study has been
performed to observe the properties of adhesive joint of torque loaded tube. Based on the
observation, a new type called mixed-adhesive technique is proposed which successfully
reduces the stress concentration at the edge during torque loading. This method successfully
increase safety factor to be 18.75 % and 83.88%, respectively compared to the use of brittle

alone and ductile adhesives alone.

Keywords : mixed-adhesive technique, torque loaded tube, stress distribution, finite element
method, joint design
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Mixed-Adhesive Technique on Joint Strength of Torque Loaded Tube
Optimization
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Abstract—Adhesive bonded joint tubular shape are
widely used in the aerospace and automotive industries.
However, the literature study showed that the stress
distribution at the joint, when loaded, is not evenly
distributed and creates stress concentration at the edges.
The strength and lifetime of adhesive bonded joints can be
significantly improved by reducing the stress concentration
at the edges. Attempts have been made by researchers to
improve the joint design so that the stress would be more
evenly distributed and minimize stress concentration,
however, the improvement has been very limited. In this
work, a parameter study has been performed to observe the
properties of adhesive joint of torque loaded tube. Based on
the observation, a new type called mixed-adhesive technique
is proposed which successfully reduces the stress
concentration at the edge during torque loading. This
method successfully increase safety factor to be 18.75 % and
83.88%, respectively compared to the use of brittle alone
and ductile adhesives alone.

Keywords— mixed-adhesive technique, torque loaded tube,
stress distribution, finite element method, joint design

I. INTRODUCTION

Adhesive bonded joint is extensively used in tubular
component, included piping system. Ideally, a piping
system would be designed without joints and elbow, since
joints and elbows could be a source of weakness and/or
excess weight. However, limitations on component size
imposed by manufacturing process and the requirement of
inspection, accessibility, repair, and
transportation/assembly necessitates some load carrying
joints and elbows in most piping systems. Thus, the elbow
and the joint will become the important parts for piping
systems.

Research and development of the elbow on the pipe
have been carried out by many researchers. As an
example is the non linear analysis of piping elbow under
mechanical loading [1]. Similarly, research and
development of the pipe joint have also been done. This
study will also discuss the behavior of the pipe joints as
an effort to improve performance.

Adhesive-bonded pipeline networks, involving
adhesive-bonded socket, butt-and-strap and flanged joints
etc., are regarded as one of the most efficient and
important methods, especially for the offshore oil and gas
exploration and transportation [2]. However, there are still
some problems with using this joint type; one of the
problems is frequent leaks in pipe joints. This research’s
aim is to improve performance of adhesive-bonded socket
joint, as shown in Fig. 1. The problem is ascertainable that
stress distribution fields on joints are not uniform, in

contrast, a significant peel/shear stress concentration
always exists in the edge region at the adhesive layer
bond-line [3,4,5,6]. This problem will significantly reduce
the strength of joints.

For improving the joint performance, innovation
and parametric optimization need to be done. In the
present study, innovation is made to improve the strength
of tubular adhesive joint under torque. Innovation is
carried out so that the stress that occurs in the pipe joint
can be more evenly distributed.

Previously, an innovation was made to improve
joint performance by making a tapered socket [7]. In
addition, different methods have also been carried out to
improve performance [8]. However, those methods have
not significantly improved the joint performance. From
the analysis conducted on those models, it shows that a
significant shear stress concentration always exists in the
edge region at the adhesive layer bond-line. In other
study, a new model is introduced by making the thicker
layer of adhesive in the edge region of joint [9] and
making groove at the socket [10]. Though success is
significantly lower stress concentration at the edge of the
connection, but this way is relatively more difficult to do
because we have to do the machining process at the end of
the pipe joint. Therefore, in this study a new type called
mixed-adhesive technique is proposed. This method was
successfully reduces the stress concentration at the edge
during torque loading. In this technique, joint is
performed a combination of brittle and ductile adhesives.

Adhesive Adhesive
- Layer - coupler . Layer
o \ FRE 1 -1
< L a T TMain pibe
oy B —C L

SN U W .

N f ____ j

(a) (b)
Fig. 1. The Adhesive Bonded Joint of Pipe

(a) Single Lap Joint (b) Socket Joint

Il. METHODOLOGY
To determine the stress distribution along the joint
conducted analytical and numerical study. Analysis was
done to a model joint by using two type of adhesive
material, which was classified as brittle adhesive and
ductile adhesives. The optimization was conducted to
determine the optimal ratio of the long fraction of both.
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A. Analytical Solution
Analysis is carried out on adhesive joint

composite pipe, as shown in Figure. 1b. Because of
symmetry, the analysis is conducted in half as illustrated
in Fig. 2 [11]. It is assumed that the joint length is L and
the coordinates of x starting from the middle of the joint.
Free-body diagram for a piece of pipe and socket with a
length dx is shown in Fig. 3.

}‘FL" T

Figure 2: Adhesive Joint of Composite Pipe with A Simplified Model
[11]

Pipe 2 Pipe 1
(socket) (main pipe)
—folx ol

Fig. 3. Free-body Diagram for A Small Piece of Pipe with A long dx [5]

Z. Ouyang & G. Li (2009) states that the distribution of
stress on the adhesive layer is [5]
£(X) = ‘/’(r:‘)R G, (1)

a

Where
R is average radius of adhesive layer
Ga and h,, respectively, are the shear modulus
and the thick layer of adhesive
o(x) is the angle strain distribution can be

expressed by Eq. 2.

p(x)=T

)
T is torque that occurs at the pipe joint.
Gi and Gy, respectively, are shear modulus of main pipe
and socket.

Ji and Jz , respectively, are polar moment of inertia of
main pipe and socket, as expressed by Eq. 3.

Jy=2R% 5 J,=2:RY, ©))
L = long half-pipe joint
a= 2R3 -k G, +GyJy (4)
) GZ‘]ZGlJl
Where
3) oy
R= (5)
2
2
T
k, =— (6)
2G,

Analysis has been done on the model with material
specification as shown in Table | [12] and dimensions as
shown in Table 1. Change the interface shear stiffness, ke,
as it exists in Eq. 6 with G_/h, . G, and h_respectively,

are the shear modulus and the thickness of adhesive layer
[5]. Solving Eq. 1 will give the stress distribution along
the adhesive layer.

TABLE |
SPECIFICATION OF MATERIALS [12]
Material Pipe & Brittle Ductile
coupler Adhesive  Adhesive
(steel) (AV138)  (DP-8005)
Shear Modulus, G (MPa) 80769 1559 178.6
Shear Strength, Ss, (MPa) 200 30.2 8.4
Poisson’s ratio 0.3 0.41 0.41
TABLE Il
LOAD AND DIMENSION
Torque (N.mm) 200000
t; (mm) 2
t, (mm) 2
Ry (mm) 15.7
Rz (mm) 17.9
R (mm) 16.8
L (mm) 20
Main pipe length (mm) 100
Adhesive thickness (mm) 0.2

B. Validation of Finite Element Method

Finite element analysis is performed with the help of
ANSYS Multiphysics software. Element type used is
element solid brick 8node 45. Between the adhesive layer
surfaces and pipe surface, it is glued with contact
properties: bonded (always). Figure 4 shows the form of
elements in the finite element model and dimension joint.
Comparison of two analysis results is shown in Fig. 5.
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Fig. 4. Element Type and Dimension of Joint

22 = T T
20
18+ Analytical Solution
161~ ® Numerical Solution (FEM)
= Mean Shear Stress (tm)
% 144
212
g
o 10
]
o 8
]
6
4; -
L)
25 ® o 00°"® E
0 r r r
0 5 10 15 20
x (mm)

Fig. 5. Shear Stress Distribution at Adhesive Layer for h=0.2 mm: Finite
Element Method and Analytical

C. Mixed-Adhesive Technique

To increase the safety factor,the analysis carried out on
various combinations ratio of length ductile-adhesive and
length joint (a/L), as shown in Fig. 6.

brittle adhesive

ductile- Eﬁ
adhesive
length: a

ductile adhesive,
length: a

Fig. 6. Mixed Adhesive Joint and Dimension

Il. RESULTS
Stress distribution for each combination, showed in
Fig. 7, where each shear stress normalized by the nominal
shear stress average, r, =T/27R?L Stress distribution
determined by Finite Element Analysis, as has been done
on the previous model.

4
35F —e— Brittle Adhesive Only p
—#— Ductile Adhesive Only
3L —+— Mix Adhesive, a/L=0.25 Iy J
—=— MixAdhesive, a/L.=0.2 | ¢ | / |
”s —+— Mix Adhesive, a/L=0.15 ’/‘\ S

N

=
L o

[

Normalized Stress Distribution (t/tm)

o
3

(=]

XL
Fig. 7. Normalized Shear Stress Distribution in Combinations Ratio of
Length Ductile-Adhesive and Length of Joint (a/L)

Furthermore, safety factor (SF) calculated by Eq. 7,
where Sg, is shear strength of adhesive material and
T IS Maximum shear stress occur at the edges (x=L).
safety factor for each brittle-adhesive-component and
ductile-adhesive components are shown in Fig. 8.

SF = Ssn (7
z-ITHX
22 4 o Brittle
- 2 A Ductile
vy
= SF_Br=1.646x+1.475
g 181 R?=0.969
£
z 1o SF_Dc=-3.458x + 2.432
© used L R2=0970
w14 4 safety factor | ’
0.1875
1.2 [ .
0.1 0.15 0.2 0.25 0.3
a/L
Fig. 8. Safety Factor of Brittle Adhesive (SF_Br) and Ductile Adheive
(SF_Dc)
IV. DISCUSSION

Fig. 7 shown using ductile adhesive, relatively make
more evenly distributed and minimize stress concentration
at the edge of joint. It be caused by the shear modulus of
ductile adhesive is lower than shear modulus of brittle
adhesive. In this case did not mean that applying for
ductile adhesive always give a higher strength relatively,
be caused ductile adhesive have low shear strength, as
shown in Table. I. Safety factor not only determined by
lower occur stress, but also determined by shear strength
of adhesive material.
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Fig. 8 shows the safety factors for each type of
adhesives. The increase in the ratio a/L will increase the
safety factor at the brittle component adhesive but will
reduce the safety factor on ductile component adhesive.
Joint safety factor is determined by a lower value of each
type of adhesive. Thus the optimum joint safety factor is
the meeting point between the safety factor of two
component adhesive with the value of a/L. = 0.1875.

Optimum safety factor is SF = 1.78 was obtained at
a/L = 0.1875. When compared with the safety factor in
the use of brittle adhesive individually, as shown in Table
11, the safety factor improvement occurred is 18.75%.
Even when compared to the ductile adhesive individually
the safety factor improvement is 83.88%.

TABLE 1lI
SAFETY FACTOR IMPROVEMENT
Brittle Adh. Ductile Adh.
Only Only

Shear Strength, S¢, (MPa) 30.200 8.400
Max. shear stress, 7(L) (MPa) 20.095 8.675
Safety Factor 1.503 0.970
Mix Adhesive
Optimum Safety Factor=1.784
Improvement 18.75 % 83.88%

V. CONCLUSION

Mixed-adhesive technique to optimization of joint

strength of torque loaded tube was studied to

improving safety factor. The main conclusions are:

(1) A joint with the ductile adhesive alone, relatively
make more evenly distributed and minimize stress
concentration at the edge of joint. In this case did
not mean that applying for ductile adhesive
relatively give a higher strength joint, be caused
ductile adhesive have low shear strength.

(2) The increase in the ratio a/L will increase the
safety factor at the brittle component adhesive but
will reduce the safety factor on ductile component
adhesive.

(3) Mixed-adhesive joints give a higher joint strength
than a joint with the brittle adhesive alone or
ductile adhesive alone.

(4) For the overlap ratio used here, ratio a/L=0.1875
give an optimum safety factor. This point
successfully increase safety factor to be 18.75 %
and 83.88%, respectively compared to the use of
brittle alone and ductile adhesives alone.
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