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Abstract: Adherend samples were made from unsaturated polyester and woven and mat glass fibers by the hand layup
and vacuum methods. The mechanical properties of the adhesive, composite adherends, and terminal-joint and
secondary-joint specimens were determined experimentally. Combinations of the experiment results and the bonding
theory were used in this study. The maximum and average shear stresses were calculated based on the maximum tensile
force and geometry parameters of the joint specimens. The results of the maximum and average shear stresses were
compared and evaluated for six joints. The results showed that the grinding and grind/acetone joint had the highest
strength among three types of terminal-joints. Similarly, the mat-mat and mat-woven joints had the highest strength
among three types of secondary-joints with the same value. Conversely, no treatment and woven-woven bonding had
very low strength. In each case, failure occurred always at two ends and then moved toward the middle area of the
overlap length.
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Table 1 The geometric characteristics of joint samples

Parameters Outer adherend Inner Adhesive Overlap Bonding
thickness t, adherend thickness t, length 2¢ width b
thickness t;
Values, mm 1.5 1.5 0.35 20 20
Outer adherend z Woven

Adhesive

Perfect surface

i T
L T

to

el

y=c 0 y=c y Inner adherend a) Terminal-joint cases
(a) Secondary-joint Woven

Outer adherend z

x Adhesive

Perfect surface % b) Mat/mat secondary-joint cage

Woven

Perfect surface

to
]

—+——+——+——""\ Inner adherend
y=— 0 y= vy
(b) Terminal-joint

Fig. 1 Geometry of tensile test specimen _ o
¢) Mat/woven secondary-joint cage

Mat
2=l L, 1 4)
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d) Woven/woven secondary-joint case

Fig. 2 Layered structure of adherends

22 Al AAE H3tAs AEL o33 2ol 1.5mm F7
AL 6 7HA FRE thed 2ol A 7 Aol o A #ele] 2 o= A ASIGIT) SI, SI2 =
22 Y% 4 AkFig 2). W E/g-2ola, e JEFES T35 A=
) @ DAAGE vy gol Al JHA FHE ok webHe HAES AR 749 250x150x1.5mm =
ARy AEe] ok ARE ] & AT, 719 FvlE At =EE ol&sgla oA
AW dAvkgt B-TI2), dvket = ofAE A FFRAES S s BTy o] 835} xﬂ&‘é}aiu}.
2] gk 4 -5(TI3) Z7] 22 P600 ©] o] FAEA AFEESLIL 0.7% wt.

2) T ol AHETS o5 ol Al 7FA] T/ methyl ethyl ketone peroxide & =X 3} ZE| o ~HE
AAEE=Z A 2Fsht}: mat/mat (SJ1), mat/woven (SI2), ¢ &3} T} O] X9} S EE 4555 FA

woven/woven (SJ3) H &S A3 = }Oﬂlﬂr GG FAE =
Bglass $23} 1) 9l WA B FAT A% qhe 3 EGBE eolA] 48 AR AHAZ
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Table 2 Material properties of polyester resin and composite

Density Tensile Tensile Shear Poisson’s | Elongation
Materials (g/em’) strength modulus modulus ratio at failure
(MPa) (MPa) (MPa) (%)
Polyester resin 1.15 46.09 2185.41 - 0.381 25
Polyester/ woven 0°/90° 1.60 113.82 7842.32 - 0.195 1.5
Polyester/mat and woven 0%/90° 1.50 83.63 6885.71 - - 1.4
Polyester/woven 45%/45° 1.60 65.08 4721.41 1557.85 - 8.1
Polyester/mat and woven 45%/45° | 1.50 60.51 3225.00 1027.17 - 3.5
sqich o) W @ A FRo 3 A AR F A9 Augd FERS 2 5 Arh(Table
18 7k 178 Al Al S ARGk A3 A 3). 4 (D] BME y & -10mm o4 10mm = W3}
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(a) No treatment terminal-joint
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(c) Grind/acetone terminal-joint
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Table 3 Results of tensile loading test and the
calculated shear stresses from theory

Types of bonding N, (Ty2)ave (Tyz)y=te
(N/mm) | (MPa) (MPa)
No treatment TJ 4.25 0.21 1.32
Grinding TJ 48.13 2.41 14.92
Grind/acetone TJ 56.46 2.82 17.50
Mat/mat SJ 23.69 1.19 7.84
Mat/woven SJ 21.77 1.09 7.20
Woven/woven SJ 7.97 0.40 247
Load (N)
2400
- —Ti2-1 | :
1200 -7 iy N €3
600 — L
0 . LS
0.0000 0.0025 0.0050 0.0075 0.0100
Strain
(b) Grinding terminal-joint
Load (N)
1000 - e
— - —871-1 A
800 ‘ el
—si2 oz
S e suV e e
P
400 g |
200 Wt s
0 i L
0.0000  0.0015 0.0030 0.0045  0.0060
Strain
(d) Mat/mat secondary-joint
Load (N)
360
— = §I3-1 o
ol ’ /"l"’-'
270 ST3-2 Af’i i
------- §I3-3 :
180 — 7 % i
o :
90 !_
. ’/N'ﬂ” Lo
0.000 0.001 0.002 0.003 0.004
Strain

(f) Woven/woven secondary-joint

Fig. 3 Results of tensile loading test
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Fig. 4 Shear stresses in y-z plane along y
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Fig. 5 Ratios of (ty,)/(ty,)avevs.y/c in tensile test case
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