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Abstract

In this study, bolted joint made of Glass-Mat Reinforced Thermoplastics (GMT) specimen was under

. tensile loading to investigate the relation between joint strength and glass-fiber weight fraction of the
flat plate specimen. The effect of molding conditions such as the initial size of a GMT charge and
molding temperatures was investigated under plane strain condition. In consideration of the specimen
geometry, minimum end distance and width of the specimen to induce the bearing fracture mode of
the bolted joint were determined. And finally, the effect of the outer diameter of washer and clamping
pressure on joint strength was also investigated. Since joint strength is dependent on the local
glass-fiber weight fraction, experimentally measured strength was modified, considering its irregular
values of the specimen molded under various processing conditions in order to obtain a reasonable

correlation between the two.
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Fig. 1 A schematic diagram of the upper and lower
mold (dimensions in mm)
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Fig. 2 Typical failure modes of composite materials
: (a) tension, (b) shear-out, (c) cleavage, and
(d) bearing
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Fig. 3 Schematic diagram of the loading fixture: (a)
side view and (b) front view
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Fig. 4 Typical stress-strain curve obtained from
joint  strength of GMT
specimen

experiments
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Fig. 5 Geometry of the test specimen
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Fig. 6 (a) Photograph of fractured specimens and
(b) graph of joint strength according to e/d
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Fig. 7 (a) Photograph of fractured specimens and
(b) graph of joint strength according to w/d
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Fig. 8 Schematic diagrams showing the top and
front views of GMT sheet positioning for
compression molding using initial area
fractions of (a) 100 %, (b) 80 %, (c) 60 %,
and (d) 40 %
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Fig. 9 Dimensions of the GMT specimen for joint
strength experiments in relation to the
compressed GMT plate
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Fig. 10 Fiber weight fraction change according to
specimen position for initial area fractions
of (a) 40 %, (b) 60 %, (c) 80 %, and (d)
100 %
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Fig. 11 Average change ratio of fiber weight
fraction according to specimen position
for initial area fractions of (a) 40 %, (b)
60 %, (c) 80 %, and (d) 100 %
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Fig. 12 (a) Original joint strength and (b) modified
joint strength for various initial area
fractions
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Fig. 14(a)o] Yebd uiel go] 532 A
=9} ZAdA 2JE B=7t 4R AL ¢
oz F3 Lo RIAE P HIYL
Az geda gudd.

XAy

33 B3 Mz

27 3 W FAAFZ 2 Ade o
g A2 naAskd ZUE FEE el Ho=
A FA

Si=S+ 8 (w,—w;) (D

o] AoA S Z AWA FHFT ZJAE
Az, fe AFEST ZUE Z= 79 7187,

we AN AF ARFEE, w,s F92 A
%7 FAAQ HF AHEEE du|gn.

B dFgME w,E 27 LA W A/ESE
o] BAFA 3759%2 AP, 71&7] f=
Fig. 129] 278 nlgog 342 gt o8
o]-43lo] HolEHE BAY A Fig. 12)% Fig.
140)ol Yebd RAAE WAzt ZAE3ch

otzdm} ofMe| 377t =QUE
Zzol o|xls d&

4. 2YE

41 2Y¥Y Ao| x=olE ZTof o|x= FE

BE9 Adgo| 2UE Ao "AE IFS
dolry] 98t BE AZFYH I71E WIAY)
i 2JQE ZEE A8 Fig. 150 e
WA b9 AAF @) EEY ASH TLE 6
mmZ AP, B2ASF d)e 14mm= 13
N F BEd 7HAE EZE AFAATHEA

SOl - Y8

Specimen

Fig. 15 Geometry of the washer

g
g

Bearing strength (MPa)
8
(-] [+
Bearing strength (MPa)
¥

]

e

g

\

g
g

g
= 3

>
>

20 40 60 80 4] 20 40 60 80
Clamping pressure (MPa) Clamping pressure (MPa)
@ ®)
Fig. 16 (a) Original joint strength and (b) modified
joint strength for various clamping pressure

~ 300 < 300

g o f—F g PR
& 2% E,?SO — °
g @ £

50 200. 28 200

g E §

gxso @ 150

&0 =

] K

5 100 § 10

b3 S

aQ a o

10 15 20 25

10 15 20 25
Washer outer diameter (cm) ‘Washer outer diameter (cm)

@ ®

Fig. 17 (a) Original joint strength and (b) modified
joint strength for various washer outer

diameter

APL FHPIPT. BEY AHAHYL EJAANE
ALgEte] BEC EZE JtEFE FHos wg
NR AgoA ALEE EFS HAE 0~147
N-mZ, ZIE & /A= ¢PFoz it
e 7% 0~97.47MPa ©] drh.

Fig. 160] 2E AAYY] & ZJAE Zx9
APFH AT 2RE Jehlifieh o] EAE
Avrd BE Ao FHETE AE A=
7} F7bte RS ¢ Utk ol EE A
o] ZAEY FEAEE F/MA FE B
(crack closure) E4& FASEE, 2JAES] A4
A £EE gAaA7]7] Wil gddt



GMT B89 EEXQE 2% 37} : 1643

42 2tMel 277} =0IE AUEof o|xs= dE

EEJ 718AE EAE 9N-m, 949 UH
e 3o A& FYF 6mm=E uAHAFOoH,
M9 QAL 10-25mmE WA 7| HA AL
S5t o] 4g& B3 42 AHE Fig. 17
o Jehliith a#d=d Jed AHR 4M9
Aol F/EFE 2QE Fx7t Frlgte A
AL &4 F gAed, gAY A7 ERE o
Aoz AXNA RIE ZFEe A o 53
gois AL & F Jduh M9 Ao FrtE
B ool AH 7+ FEHEAC FAEA Hz,
S}M st AW Aole] wlEEHo] g $F FAlol
dojupd A zQE ZAmrt Frlete ALE #W
Aot A 9 Fo] AT ol F2E AAA H
W oMot A 7+ Feste o] Aa FAs
o vpRzEo] ZAEA €l ol s vhEg
3§38 Eato] & gojuz] @olr] RQAE F
52 F/MNE W & 9¥e FA XA €
th. A3 o] o2 RUE Az AU
Agk Z7ksHA He Aol

5.8 8
Q) N¥e o] e/d= 3.5, wids 5.00 2 of

A ZAE AE} 3R T FPBC
@ B¥ 49 PRl w dae FEPol

W WAzt 80 %Y W A= F4 A3
Be HaEe REA W, o 4 Mg 2 =
J= AES 9L & vk

@) B AFA Y 2E= ZUE Fxd
FEFE AR gt

4) 223 4" dM9 Ao FHEFE
ZQE ZAxE 719t o, 9kM9] 970 A
A7) ool I FAE ZAxE FHF

G) BE AY Wilo mE HFF ¥se 2
A gl A4Y BHo] RUE Zxo A= o
Fros E8% 498, 49 A7) Fo] 2UE
o mAE FFgo] o At

it}

e

Iz

(1) Matthews, F. L., 1987, Joining Fiber-Reinforced

Plastics, Elsevier Applied Science.

(2) Collings, T. A., 1982, "On the Bearing Strength
of CFRP Laminates,"
241~252.

(3) Hart-Smith, L. J., 1986, "Design and Analysis of
Bolted and Riveted Joints in Fibrous Composite

Composites, Vol. 13, pp.

Structures," International Symposium on Joining and
Repair of Fiber-Reinforced Plastics, Imperial College,
London.

(4) Quinn, W. J. and Matthews, F. L., 1977, "The
Effects of Stacking Sequence on the Pin-Bearing
Strength in Glass Fiber Reinforced Plastics,” J.
Comp. Mat., Vol. 11, pp. 139~142.

(5) Oh, J. H, Kim, Y. G, and Lee, D. G., 1997,
"Optimum Bolted Joints for Hybrid Composite
Materials," Comp. Struct., Vol. 38, pp 329~341.
(6) Matthews, F. L., Roshan, A. A, and Phillips,
L. N, 1982, "The Bolt Bearing Strength of
Glass/Carbon Hybrid Composites,"”
Vol. 13, pp. 225~227.

(7) Herrington, P. D. and Sabbaghian, M., 1992,
"Effect of Radial Clearance between Bolt and
Washer on the Bearing Strength of  Composite
Bolted Joints,” J Comp. Mat., Vol. 26, pp.
1826~1843.

(8) Kim, R. Y. and Whitney, J. M., 1976, "Effect
of Temperature and Moisture on the Pin-Bearing
Strength of Composite Laminates," J. Comp. Mat.,
Vol. 10, pp. 149~151.

(9) Akay, M., 1992, "Bearing Strength of As-cured
and Hygrothermally Conditioned Carbon Fiber/Epoxy
Composites under Static and Dynamic Loading,"
Composites, Vol. 23, pp. 101~108.

(10) Kim, K. T., Jeong, J. H, and Im, Y. T,
1994, "An Experimental Study on Heat Transfer
and Flow in Compression Molding of SMC.)"
Trans. KSME, Vol. 18, No. 9, pp. 2386~2395.
(11) Juvinall, R. C. and Marshek, K. M., 1991,
Fundamentals of Machine Component Design, John
Wiley & Sons, pp. 367~368.

(12) Kang, W. S, 2002, 4 Study on Bolted Joint
Strength of GMT Plate, Master Thesis, KAIST,
Daejeon.

Composites,



