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Figure 1. Torque tester and schematic drawing of gauge

Figure 2. Flexural moment-Degree graph of round cross section

Figure 3. Flexural moment-Degree graph of rectangular
cross section -

Figure 4-a. Change of stiffness in round and rectangular
cross section

Figure 4-b. Major change of stiffness in round and rectangular
cross section within 24 hours

Figure 5-a. Change of yield moment in round and rectangular
cross section

Figure 5-b. Major change of yield moment in round and
rectangular cross section within 24 hours -

Figure 6-a. Change of ultimate fractural moment in round and

rectangular cross section -
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Figure 6-b. Major change of ultimate fractural moment in round and

rectangular cross section within 24 hours -

Table 1. Mean, relative value of stiffness

Table 2. Linear regression equation and yield moment at 3° of
round cross section -

Table 3. Linear regression equation and yield moment at 3° of
rectangular cross section

Table 4. Mean, relative value of ultimate flexural moment
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20 M= Fiber Reinforced Composite(FibreKor®)2|
=2 54 Hsl

Fiber Reinforced Composite(FibreKor®, Jeneric/Pentron Inc., Wallingford,

USA)E olgste] aabaln gt A4, 98 F 44 guE JFom

Y YAl vAE JFS Fopugth AAY 57, Y 549 AAREL AL

R

(Bt 23C)e] F75 kel 0A1%E, 1%L, 1<, 15, 159, 170€, 37R€ <] 7]3bs<t
3

1. 38 74 (Flexural stiffness) 24117 % A& o] H$ 59%, AALZLE o] 29
25% 2 Ao 371E Fol= ZbzF 29%, 19%9 Ad A Aee AAS e

2. 38 43 Ul E(Yield flexural moment, 3° offset)= 24A17F & 3o 7

]
o
45%, Aol AL 6% R AAaFow 37ME Fole 47 29%, 60%2 A
A gHel miES e

4 #3 RWlE(Ultimate flexural moment)E 24A4137F 3

o

go| 39 36%,

A o] A 6% 2 AP o MY o= 2h7 25%, 37%<2] Ad A

L L= SIS WA

o]l A¥S E3le] FibreKor®s o] B3 Al 7)o w3 #4Ado] 343
AstEs & 5 AdAG. wEA o "k w3 A= SUHE Hs A7) FE

1+ : FRC(fiber reinforced composite), & &, w3 724
E

P2 39 =uE 94 39 2

- vii -



E 549 wWZ Fiber Reinforced

Composite(FibreKor®)d #3 =4 W3

21 A Bq
=
L A &

= =

T EF EE I o4 ARES A5 composite materialE WEA FHH
M ARES AHEE o 1o ¥ A 7Ad AEE ds F Atk Glass,
carbon/graphite, aramid, polyethylene %3} #Z& t}%3
binder?] resin matrix®} AFA 7 . ZM composited stiffness®} strengths =7}
A 5

ol fiberell <]&] 73}¥ composite(FRC)= @A oe] HofolA A& Q)
ok A8 o 2= Epoxyel 71%% resino] 7HE E3A AMEEH & ol e B
Aol vl @9 FAT w2 AAS Hols AAS o&dE Zow FqF
AsA 5 71EY AAE dASte §RE A oR de] AREEI ok 9%
gl A carbon fiber2 3% epoxy resin®Z A2 = o3 semirigid plates7}

A7 tibia®] aLgol AREE oA gttH(Tayton &, 1982).



60 d o], 70t Eo] Aok FRC7F =& dldel gAY 7 fiber= 7
3}t denture resinel Wigh B i7F A TH(Smith, 1962). stAIRE 1 AF-§-o] dE
BHstE A 32 A 300ide] A & H P d3 FRCE= A H#F oA A =d
g Eo] o]Fo{A] porcelain—to-metal bridge, chair-side bridge, endodontic post,
periodontal splint, retainers, dentures, crown¥ 72 %2 X34 S22 Al&H
7 A (Goldberg 2} Burstone , 1992; Goldberg &, 1994; Freilich &, 1998).

ALel kAo AmAdo] FAAl HWA A3 wAgdt Fokel = 4wl
Aol L o= wiEY AxHa vk ol HE A Ay Bk ofyet X1 AR
Aol delM el Auel Jide] diFHa Atk wEbAd oY gE fibergol A=
glass fiberi= 3 A v A3} silane coupling agentsES E3| polymerZA4 el 4=

d AHEE pH7] wEel wAgE As2 1 of§7FA7E =th(Burstonedt

d

Kuhlberg, 2000). n A8 =2+ fixed retainer, space maintainer, X|FX & &<t
pontice X|o}lel] Eo]7] 93t temporary post-orthodontic fixation X, 2AF 3
2AA splint o2 AL AwHoz AMEH JdAFHE B @ vk 9l
(Karaman %, 2002).

FRC7} A3-gom AHgH7] feixes AARSAE, Avg, Aokqxy b&
resin®]l H&& 4= JE 58, chair sidett 7] & 2PN Lol Fo 553 A2
of a7H™ 74 Wl A =2 TAAH AEA kAol Hadth 53]
ZF et 2o FRol We A E polymer matrixs Ead FAE Eo 93
glass fiber ¥ FAALES dozd = JH(Cal 5, 2000). WA FrjH o=z
##Z A glass fiberd ol A vlE& % = alkali®t earth alkali oxides®] G=3F& o] 2
3 43S whol composite T2 WIE AW V|AAH A dE¢ES Fra
44 A (Ekstrand 5, 1987; Meyer 5, 1994; Vallittu , 2000).

a8y ol & Faol mE FRCE 7IAIA A digk 74 dTE2
Al Az Al AF e ISOTTAsSHE 8l 7 el A8 & gl Z71d FE 9
moldE A}&3FA Y (Miettinen®t Vallittu, 1996; Parrel Rueggeberg, 2002), A]# 2]
T A 107 o) #FTE F 110TC HFEe] A FEUIA 158 B F7

T %38t 5 (Karmaker®} Prasad, 2000) 2#| d7dolA #8317 o WHo=

O.

-
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A= AT

B AFfoE silica glass fiber7b filler2 Eo9E AFE3F Ho]9dE FRC
stripgr ©]-&3to] AAl oA A&t 4, AAAE F R FHE Ve
2 plasma arc lightE ©]&3ste] F5Fst ¢ tpgst 77ksd o AFHAE

W B E7k FRCO @ Adel vxe 93S dobngivh
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II. 23 A5 2 9y

1. A Az

23Em 0 2 FibreKor®(Jeneric/Pentron Inc., Wallingford, USA)Z v =31 gl
= pre-impregnated glass fiber composite tapeg ©]-&3t A|HS A =ZslS
composite tapes 3 FAET AZHA 2 ZAe AVIR FAE A 15mmY

ol AE ¥ 202 FRE AL AAAY AHoR AsPa, A9 AW A

212 FE 9 cellulose strips AA F T2 Zol FFEAG. A|AH] FI
FH L Abgo] 715t 9+ plasma arc light?l flipo (Lobel, France)E ©] &3}

k= AW E TolARE 1554 5mm

it
e

=
2 3¥, F 45x7 olFojHuh. wwo]l AHAZE Rl AW AV|E M=
08mm$lon, do] gl AAY A EF H 0.45mmS
o 1, 15Y, 1784,

1
3hgel Ve RS F FY ARS ABSAh 78 AW S AAL7

o] Ao AFEE =A7]7]+= torque tester® cantilever HEj] A A H3 A
ol o] ARgH ©l ¢tk (Burstone %, 1985; & %, 2000). ©] gauge: F /19
Jacob chuck® A Ho]d=d olelZ 9 chuck: $1Z9 chucket T4 Ao A
oA bmm AYE dASA FAGE AFEE FFsA) o] AFH = v

o] Agoz Hoigle] AHe] FHA A AR} A FHL 0T 5 A ALHY

[nt
o
_}‘.1_11
ol
2L

o} 91Z 9] chuckel & torque gauge(651X-3M, Data Instruments Inc.)Z

FA=dl A 100gmmel Al Hdl 3700gmm7bA] ST F Utk AgF FHoR
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Fig. 1. Torque tester and schematic drawing of gauge

(1) 3 2HE-7Z}%(Flexural moment-Degree)

1) 3} =21 (Loading curve)
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o] 71Zbell whE w3 AAe] AolE Gotr stk 579 AHE ke A =5
e dEzstE AlA 119 ARE loadingd] WE EWUE-ZIE XA 047

AR 19, 155, 16<, 1704, 370d ] A7del we 2t wdte] we ZuE~”)

2) ©%-3} 24 (Unloading curve)

Flexural moment-degree grapholl4] A7+ 3& 3° ©]3}9 unloading?l 7]&7]

o] ARE o] &3l AH W A7 F3 ZA(flexural stiffness)®] gzt
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3 grow I7AAE ekl g 379 offsets 7o ® 37 AHAAS o

£3}o] yield flexural moment®] 7S T3t Y& FAALZEE 9] yield moment

£ vuslr] & 0AZFY yield momente] #S 12 3= relative yield moment
£ Tkt
) WA #3e 2yl E(Ultimate flexural moment, gmm)
Bending tester® ©]&€3lo] 50gmm® EWHEES Z7MA171HA 73 AFE
&t AlHo] Ay H Ao FAHI mHlES e HH w3 ZUER A}
Atk A48, AAAE AE 5719 Eoll Bk 73tel] wE gd 1y RuES] ¥
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Moment Loading curve of round cross section

(gmm)
1400
1200
rrrrrrrrrrr & Ohour
1000 ~4-— 1 hour
800 -4~ laay
--ml-- Tweek
M
600 & o | |- 15days
400 —-—=—Tmonth
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200

0 10 20 30 40 50 60
Degree(®)

Fig. 2. Flexural moment-Degree graph of round cross section

Moment Loading curve of rectangular cross section
(gmm)
1400
1200
I B m- Qhour
1000 —— 1 hour
800 | — 4= Tday
—--Hl-- 1week
600 e — - 15days
400 — —=—1month
—e— 3months
200
0

0 10 20 30 40 50 60
Degree(*)

Fig. 3. Flexural moment-Degree graph of rectangular cross section



2) ©%-3} 214 (Unloading curve)

Unloading 18] A5l G7¥Y 3° olste] 717159 BF? EEAAS
Az, 99aR 7|7l we e

=3 744 (Flexural stiffness)<

Table 1. Mean, relative value of stiffness

Shape Duration Mean(gmm/®) Relative stiffness
Ohour 171.3+115.1 1.00
lhour 112.6£60.2 0.66
lday  (24hours) 100.9£44.5 0.59
Round lweek (168hours) 87.3+65.4 0.51
15days (360hours) 72.0£37.3 0.42
lmonth (720hours) 53.7£25.1 0.31
3months(2160hours) 50.1£12.3 0.29
Ohour 119.5£83.9 1.00
lhour 34.6+21.8 0.29
lday  (24hours) 29.5+16.7 0.25
Rectangle 1week (168hours) 33.7+9.8 0.28
15days (360hours) 27.219.6 0.23
lmonth (720hours) 27295 0.23
3months(2160hours) 22.8+11.1 0.19




Moment/Degree  Change of stifiness according to water immersion
(grv*)
350

g

—&— Round
---& -- Rectangle

1080 1440 1800 2160
Hour

Fig. 4-a. Change of stiffness in round and rectangular cross section

Moment/ Degree Major change of stiffness within 24 hours
(gmm/°)

350

T —&— Round
150 1\ ---&--- Rectangle
L 2

Hour

Fig. 4-b. Major change of stiffness in round and rectangular cross section

within 24 hours
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2. &5 =

fuied)

2 E(Yield flexural moment, gmm)

7} 93 FRC

Eo| ®H#3 7|7to] AojR o) wa} yield flexural moment’} 74 sl &
Btk ot 371o] 170 Y W o momentE T kol FH AA YA H

A 7k U Th Al ARl yield momente] Hlulol A= A¥ AJHES 1
o] B#d F dry AEe oF dulo] el 5% A ER 1 FETE AA
St AS & 4 A 199M 45% A=, 15 uf 37%, 1569 = 33%, 1701¥

2E 28%4 X2 moment? FAaE HTHTable 2, Fig. 5-ab).

oz,
o

lo,
o,

A

e

Eds

B

o]

Table 2. Linear regression equation and yield moment at 3° of round cross

section
Linear regression ) . .
. . Yield moment Relative yield
Duration equation
(gmm) moment
(x:degree, y:moment)
Ohour y=77.6x+109.6 342.2 1.00
lhour y=43.1x+55.8 1875 0.55
lday  (24hours) y=31.4x+61.0 155.1 0.45
lweek (168hours) y=21.1x+61.8 125.1 0.37
15days (360hours) y=19.2x+53.8 1114 0.33
lmonth (720hours) y=18.2x+39.9 94.7 0.28
3months(2160hours) y=20.6x+38.3 100.2 0.29

. A48 FRC

Aoz Eo Biisk 7]7ko] Aol wel yield flexural moment”}
ds Byt vtk 15 w9 yield moment”F 19 w2 momentE.t}

Zom 3L 17189 yield moment?t A9 FAVEA =AU A

ol
i

RN
all
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¢l yield moment®] HlaolM = HAMZAHE, AF BF Fo BaF 73to] F4E

of we} =FH 1 gro] #A%S & 4 AdAvH(Table 3, Fig. 5-ab).

Table 3. Linear regression equation and yield moment at 3° of

rectangular cross section

Linear regression ) . .
Yield moment Relative yield

Duration equation

(gmm) moment
(x:degree, y:moment)

Ohour y=19.8x+59.2 118.7 1.00
lhour y=17.1x+53.0 104.4 0.88
lday  (24hours) y=13.9x+49.0 90.8 0.76
lweek (168hours) y=15.1x+51.1 96.3 0.81
15days (360hours) y=12.7x+44.1 82.3 0.69
lmonth (720hours) y=11.1x+37.3 70.7 0.60
3months(2160hours) y= 7.7x+47.8 70.9 0.60

Moment Change of yield moment
(gmm) according to water immersion
400
| |
300

—=— Round
---o--- Rectangle

0 360 720 1080 1440 1800 2160
Hour

Fig. 5-a. Change of yield moment in round and rectangular cross section
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Major change of yield moment
Moment within 24 hours
(gmm)
400
350 *
300 \
250 —&— Round
200 -- -4 -- Rectangle
150
9.
100 (¢ ¢
a) -
0
0 24
Hour

Fig. 5-b. Major change of yield moment in round and rectangular cross section

within 24 hours

3. 34 #3 =4l E(Ultimate flexural moment)

3, AAE AlE BT E Bt Ak mel gd RYEVE HASHE
e vk 98 A9 A7 W 1090gmmel A 1A 7F W] 650gmm, 19 e

o
L 390gmmeE EHESY FoJA de 7AE B ML E 270gemme F

o

S ®BAY FAAZGE O A 0417 W 590gmm, 3HE Y u 220emmE EHE 9
TAE HAY, Avrdg oz 7o J|7kAe] &8 v mulEV o 15 o

Aol Azl e Agn AAzge] sl mulEds 2 Abeli: §19irthTable 4

_13_



Table 4. Mean, relative value of ultimate flexural moment

Shape Duration Mean(gmm) Relative moment
Ohour 1090£155.7 1.00
lhour 650+35.4 0.60
lday  (24hours) 390+22.4 0.36
Round lweek (168hours) 350+50.0 0.32
15days (360hours) 320274 0.29
lmonth (720hours) 280+27.4 0.26
3months(2160hours) 270+27.4 0.25
Ohour 590+22.4 1.00
lhour 450+100.0 0.76
lday  (24hours) 450+50.0 0.76
Rectangle 1week (168hours) 350+35.4 0.59
15days (360hours) 280+27.4 0.47
lmonth (720hours) 250+35.4 0.42
3months(2160hours) 220+27.4 0.37
Morent Ohange of ultimate fractural moment
(grm) according to water immersion
1000
80
600 & —s=— Round
' ---+-- Rectande
20
0

Fig. 6-a. Change of ultimate fractural moment in round and rectangular cross

section
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Major change of ultimate fracture moment

Morment within 24 hours

(gnm)

—&— Round
---#--- Rectangle

Hour

Fig. 6-b. Major change of ultimate fractural moment in round and rectangular

cross section within 24 hours
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lingual fixed retainert} T X%-2] anchorage preparation, =L <ol trans-palatal
archt} lingual arch 53} o] dolM A& 7He3t o dgat Hrpztg o

AL ARk AR FFE AT gol Agsm Frhstn Ut

FEH = A A
plasma light curing< ©]&3le] 77 ol FRCE Xoleo]l H&A7] )

G4 F FAER &AM FHskol A e lem oo Al 15

:

Ll

A AHE 3FEoR Yol FESAULE olFEA T AlEE Bl HAIS
f YelysE 7|7k wE FEe] W3lE dolr ] 98] bending testS Al 3 EHL

t}.

FRC9 w3 AlgZ2y RWEVL ultimate momentol] {45 w3 719
Z717F 2A vebgth 1 A3 JEoE ole AR Mo g ZFrheith ghuks)
A T Befe] Aoz yeuth 9F 0Agtelu A4y AHES mrl
A7F 2 AdGH = YA o= A3 Al 50gmm
5 S/ wiel uetd Adel dzEd. gl mRlEd HEdss 29
g AR 992 momentE S7HAZEEH XA FiEo] UrtwE Zloth
50gmm©¢1 el momentE 7t W UElUE AlE AW WstE Aurw Z
Ao Zwrt F7hekA @ o= dAA e Wi Awrt AA Frtsitk o
& 50gmme] EHEE © F7A7)= @AM E AA Srbeke AdRGe] St
Fds UG, o= AgEo] AF3h stainless steelelYt TMA, & NiTig
bending testr] YElY= dEgt= & YAS Hol=d(Yoshikawa &, 1981;
Goldberg 5, 1983; Burstone %, 1985) I o]+ FRCe A|ZWwo] dAE of
fibere] ¥ /o] o= ALx FAsHA A Z= AT stH S stainless steelo] Y

X
ko
=,
[

o

o

l
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e 255 B4 @9 wdd 245 Bd o gly] wiolt. dAm A

A W fibere] vlAlsHE ol Qo wiith whso] Frbste AYe BAW 4

o2

32,

FRC9] loadingAl 3]#AAS g 7|7k =z =43 o] Ao 3° <

HE Y wje] RAEE yield moment2 A3 o= 3° o3toll A& 2] W3l
e wuEe Wit wwd AHAFHE egs] uie] o ¥9E elastic
range= AJ7}gl7] wjFolth

i w3 EUES Bd RulES AF Ays: BY fARE HEo] #EEU
ok AALzb o] Al o] moment7t @l Hl sl A 5 < @<= YEdY

Load—deflection raterx= A 8¢ stiffness HEE rigidity® o] AdoAE=
moment-degree curve®] 7]&7]o sldstH w3 HF Al load-deflection ratew
33k bending testA] 1 d&FAdo] =2 HoR ¢HA I (Burstone 5, 1983).
Ay, QA o] Alzbe] W& stiffness®] WEE AHEW AP A9 Eo H
st s Holtrt 1Y o]Fol= & Wtk gl

32
i
D)
>~
Dl
N
ofl
1o
o
Ho
il
=2
[
—
>
N
N,
=)
%)
o
=R
=)
o)
%)
n
N
-l
o
g
o
o
[N
=
o
a
I
o

FRCY stiffnesso] F &S F+= 42FEE fibert matrixZ2 A B8A2A 9 4=,

toughness, fiber A% AN A9 qualityyt &, T&4H, B84 = g

lo

3l stress 52 2HT 4 Adrk. Matrixell fiberE HAAZ|E=dH AR

i

|
silanization 9 A] composite®] 3} <HgAdol] &S 7] Xt} Silica fiber ¥
AE & ol silica W I n-propylamineAlo] ol A Al 9 7] ¥kgo] 1}EL}aL o]

o1&l adhesion®] ZFAHTHVallittu %, 1998). ulelA A& Al o]# 3 o8 291E

ki Lo

o LA A§F & 9
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Flexural propertyS 7FA2A7]= HYelo & Ekstrand 5 (1987) & S5 F

e

Qo w Mokl flexural property el 74+ fiber®} matrix® poor adhesion®)
o2 AZE Y. SEM/del Al fiber-matrix adhesion®] &¥& e Az

z3%F AHol % fiberet matrixAbolo] Fzko] EAg o Eo B F matrixe}
fibere] o] "ojA = FEo] #EFHAT. 223 Meyer 5 (1994)2 FRC
S 5000A1ZH(F 208%)E < 37kA4] & &:=(37TC, 65T, 95C)° A Aol
S #Ee Ay By A3 2% whEl fiber?t matrixe] AW IF ultimate
bond strength(Z&73%=)7F FoAd A ZAass #2353 Y. Jancar 5(1993)2

o BaE el A fiber®t matrixAle] 9] interfaceo] A2l &9 3stdy S4444

40

il

o 98] trans-esterification® <3}7} transverse strength® w7}zl ZHA
ZbA$kthar ¥ Th Imai 5 (1999)% fiber®t matrixAke] 9] interlaminal shear
strength®] 7249} glass fiber®] H#2<l 34 & strength 7HAo] YJo = B
t}.

AW Vallittu (2000)+= 28.0-33.2 vol%2] woven cross section® E-glass

i

fiber2 7+3}st 91X/ polymerE 18057 Eo] B % ultimate transverse
strengthE =43 Z3 27%9 7AE Hgor o] Yo 2 polymer matrix2}
E-glass fiberAlHeol A dojup= v]7F9 Al W &lH th= polymer matrixe] <3}
Aol ogt 2oz Holth T2 o] fae] tiFEE 45 ofuiel dejus Al
2 dFeet sk o] Aol AlgE AHS AW EH fibers silanex €= H

T

SO} monomer =+ polymer® pre-impregnated® A &S ArEj it wEta o]
ATolM = ol AxAFY ZAHCR QA = FF7F S/HHAS Aol o=
FRCO 7] AAQl Ao Hael o & 4&FS FAS 3ol

ol Aol M= Ho wad FRC Alx7|s=

2 AGFoEA olUF ARY EA

=

re-impregnated¥ FRCA| &
g Aot} AW 7]E 9]
ATE3 Bl & W Fell ®Ha Al @2 %o flexural property®] #27h EA
stdth. Aatoll Zol7h B2 olfme A AW AATE A AR Ve
gk 19 ol A o] Foj 7] wiEol

=
K3
Ztoll glojAf el o8] Holdls = dA, 9

o

S
=

rlo
>
ofl
o
N
N
B>
i

i
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il
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Cal & (2000)

=]

R
i

Ao Z Ho

0] =
AN -

weh B FHsk zpolst

& o
continuous unidirectional, woven ¥ E]2] glass fiber®

Inss

N
AN

ojm

o
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=
p
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0

)
]

R

ol

weba) ol 2

A A FRC

st

W] abrasion® & fiber7}

o
)

coating®] <

1
.

-
3t

213 FRC

i3

o

o] coating ABE7} =

| flowable resin®® FRC X

9]
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Abstract

The change of flexural characteristics of Fiber Reinforced
Composite(FibreKor®) according to water absorption
Sueck Bum Kim
Department of Dentistry

The Graduate School, Yonsei University

(Directed by Associate Professor Kwangchul Choy)

Using  fiber reinforced composite(FibreKor®,  Jeneric/Pentron Inc.,
Wallingford, USA), the change of flexural properties of FRC(Fiber Reinforced
Composite) according to water absorption was examined. Specimens were
grouped by shape as round and rectangular cross section and were immersed
in distilled water at 23C during Ohour, lhour, 1week, 15days, 1month, 3months.
The number of specimens was 5 at each duration and bending test was done.

The conclusions were as follows.

1. The flexural stiffness after 24 hour water immersion was reduced to
59% for round cross section and 25% for rectangular cross section and
after 3 month water immersion it was reduced to 29% and 19% stiffness
of 0 hour-specimen respectively.

2. Yield flexural moment after 24 hour water immersion was reduced to
45% for round cross section and 76% for rectangular cross section and

after 3 month water immersion it was reduced to 299 and 609 stiffness
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of 0 hour-specimen respectively.

3. Ultimate flexural moment after 24 hour water immersion was reduced to
36% for round cross section and 76% for rectangular cross section and
after 3 month water immersion it was reduced to 25% and 37% stiffness

of 0 hour-specimen respectively.

The above results suggest that the flexural stiffness of FibreKor® were
much decreased under initial water immersion. Consequently the further
research for the maintenance of strength against the water will be

necessary.

Key words : FRC(fiber reinforced composite), Water absorption,

Flexural stiffness, Flexural moment, Ultimate flexural moment
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