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Strain Sensing of Single Lap Shear using Pencil Lead Drawn Paper
Sensor (PLDPS)
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ABSTRACT: In this paper, a single lap shear test was performed using a glass fiber reinforced composite material
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(GFRQ). Pencil lead drawn paper sensor (PLDPS) was applied for single lap shear test being performed. Bisphenol-A
epoxy and amine hardener were used as adhesives combining with composite materials. To make a difference in
adhesive properties, the adhesive was cured under different conditions. PLDPS was made of a 4B pencil on A4 paper.
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Because graphite in a pencil was an electrically conductive substance, electric resistance (ER) could be measured. A
Wsteict. 3

change in ER was observed by a position where a PLDPS was attached to single lap shear specimens. It was
confirmed that the change in ER was different depending on two attached positions and was observed by lap shear
strain as well. In case the lap shear strain was large, the change in ER of PLDPS was high. This was because the larger
the extension of the adhesive part, the larger the degree of bending of the specimen and thus the larger the distance
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change between two electrodes
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Fig. 1. Scheme of single lap shear test specimens
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Fig. 2. (@) manufacturing process of PLDPS; and (b) illustration
of joint composed of epoxy adhesion and silver paste
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Fig. 3. Scheme of PLDPS: (a) attaching to front; and (b) attach-

ing to side
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Fig. 4. Lap shear strength and strain: (a) neat; and (b) pot life 9
hours and curing humidity at 95 %
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Fig. 6. Scheme plot of lap shear strain: (a) macroscopic and (b)
microscopic sensing behavior
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Fig. 5. Stress-strain curve and ER change for specimens using PLDPS in a lap shear test: (a) front and (b) side for neat specimen



232 Ji-Hoon Yoo, Pyeong-Su Shin, Jong-Hyun Kim, Sang-Il Lee, Joung-Man Park

AL ol g3 FoMAL A7IAT] Waks AT
ALAL o] g3 Fol A4 2 77| A Fo] Wt A
19 % AgEow Qs Aol lojzlo]
7] wjEolch. Fig. 6(a)e} go] Qlakel oz <l 2}
A ol o] A7) grele] ABAIS o] 85 &
g

i)
RO
rod
oo
JH
>~ O

ol
)

AT oZ

=4 A5 Al Aol ARE F8FaL, AR
o] &%t FoAME 2 A5 214 Akl A
2E. o] 2 I8l Fig. 6(b)A 7 ol =<1 AlA
| A71A =aL ol 22 AlA= el A A

o WsE of7| gt

I
>

1

F

irlrﬁrﬂ,%-{mmirlrﬂ
Al
(o]

1
O

3.3 & Mo W MIIME Hs}

H2F 4ol wet B S o8 FolAlA o A7 A
@ W7} oA Wek=A] ©7| 9l 47] vhE 23dollA
AN FA H2tA| 9] FokE s Fig. 49 o] 242t
etz wek Hz2haAo] gtk AE st AT F
Ao = FAsHA SH Ao A o]-8e Fol
AAE Zolal Tl 3 Ak AlS A3YskRie). 2= Fig.
59} Fig. 72 H]a8HH F ok Fig. 5(a)= &/ 0] £ Al
AAE el 291 Zoal Fig. 7(a)= =401 Ashe Al
o AlME kol =<1 Aol Fig. 5(b)= &7d0] 2 Al
"ol AAE Ao 24 Zo]aL, Fig. 7(b)= =4J°] A5t
° Aol AAE diol =9l Aol

B0 22 Algel uls| B4o] Ashel AHL A7
WSl 4L Ao tebhth 240l At mA W
E

Fol 7143t Ro] A714F Wste] FgFL v Ak ¥
o] Z7ste AW A o A Wtel ol

Elepeing Thme iod
L] 1 7] (] In

ﬁ‘. N g
8
i o
7 a1 &
; Ly » =
; ']
= 1
ol 1

K i 4 i i i

] | 13 h

Sermin | Ywj
LEL

Fig. 7. Stress-strain curve and ER change for specimens using PLDPS in lap shear test: (a) front and (b) side at poor curing condition

under humidity at 95% circumstance
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