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a a I I o c;” @ < A a ' ~ Y
USaeasssuaa 0 1wesiFua lagiiiniin A215In5na 150 Naawasaeui lagln

9
&Y 1

WIMUNNOUMITNA 0, 30 NTY

—e— 4.75-9.50 mm (Small),P:30 g
—O— 4.75-9.50 mm (Small),P: 0 g
—0O— 9.50 - 12.50 mm (Medium), P: 30 g
—»— 9.50 - 12.50 mm (Medium), P: 0 g
3 1 —_e— 12.50 - 19.00 mm (Large), P: 30 g
—— 12.50 - 19.00 mm (Large), P: 0 g

o(t) (MPa)

- (27

51U 111 anwduiumsnasugdvesing meldoninavesvuiaiaquiasimduniu

AUENAN 4.75 - 9.50 TadAWAS, 9.50 - 12.50 HaawAs LAz 12.50 - 19.00 Haamwas NTuImeN

a S 2 o 09/ @ < Aa A ] = Y g’ @ ]
FITNLIA 0 Lﬂaiwuﬂﬂﬂumuﬂ AITNLTINITNA 250 HAUUATADUIN Tﬂﬂiwumumaumi

nA 0,30 N



D(t) (Pa)

UG

108

107

108

10%

1 —@— 4.75-9.50 mm (Small),P:30 g
—O— 4.75-9.50 mm (Small),P: 0 g
—— 9.50 - 12.50 mm (Medium), P: 30 g
—>— 9.50 - 12.50 mm (Medium), P: 0 g
—8— 12.50 - 19.00 mm (Large), P: 30 g
—#— 12.50 - 19.00 mm (Large),P: 0 g

.001

.01

t(s)

132

517 112 wegaamsna (D) AU a1 lFlumsna () Melasninavesvinaiaguiasiu

@urugudnNae 4.75 - 9.50 Haamas, 9.50 - 12.50 Haawas uag 12.50 - 19.00 Haawas 0

a a S 3 o c;” o < a a 1 = Y
US1Nae19535091a 0 1osFua Iagrivin anusalumsna 250 Haawasaeun lael

Y
WINUANBUNITNA 0, 30 NN

1 Y o A A 1 a a 9
M1319 23 uﬁmmmmmuﬂumsgﬂaﬂugﬂmaﬂﬂw 0.15 (FWNHANTTULVVIYAUTU) YDIYN

FITUMIANTUENUZADOIAE TaANIa3IN n1elddninavesvuiataaulasiumduniu

AUINAN 4.75 - 9.50 TadAWAS, 9.50 - 12.50 Haawas uaz 12.50 - 19.00 Haamas NTumeN

a J 2 o oy 9 < A a ' ~ 9 g} o
FITNLIN 0 Lﬂ@iwumiﬂﬂumuﬂ AINLIINITNA 50, 150, 250 UAALNATADUIN Iﬂﬂi‘ﬁu”l‘ﬁuﬂ

AOUNITNA 0, 30 NN

ANUIAY (MPa) numslasuglvesingi 0.15

TN UeFITUEIA 0 %

Gﬁquu’]ﬂajﬁﬂ Aa A 1 = a A [ = a A 1 =
50 HAAATADUIN 150 HaauasaauIn 250 YaaAIABUIN
MRl A L T T L T
- . Hniin Hntin Hniin ntin Hntin ntin
(WaaLung) ' . ' . . '
AOUMINA | NOUMINA | AOUMINA | NOUMINA | NOUNTNA | NOUNIINA
S0 N3N 230 NSU -0 NI 230 NSU 0 N3N :30 NTU
4.75-9.50 0.4537 0.5540 0.6138 0.8238 0.9572 1.2122
9.50-12.50 0.1264 0.1407 0.4822 0.6407 0.5000 0.6488
12.50 -19.00 0.0611 0.0917 0.1731 0.2390 0.2187 0.3050
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1 Y o A A [ a 1 Aa Y
M1919 24 LLET@Nﬂ1ﬂ'J'13JLﬂ1Jﬂ‘]Jﬂ'I§L‘]Jaﬂugﬂﬂ]ﬁ]ﬂiﬂﬂﬁﬂ 1.5 (T'J\?Wi]ﬁﬂiilll!,ﬂﬂvluﬂfﬂlﬁu) U

a o ga a o Y ]
NWITTTUTIANTNINUSADYLUASITANIATIN ﬂ18]1@]’E]ﬂ‘ﬁWﬁﬂ]@ﬂﬂ]u1ﬂ?ﬁﬂh?ﬁi?ﬂlﬁuw1u

AUINAN 4.75 - 9.50 adAwAS, 9.50 - 12.50 HaawAs LAz 12.50 - 19.00 Haamas NTume

a S 3 o g/ Y] < Aa a ] = Y oy o
5550119 0 1loFiFua Iaerimiin AwSINITNA 50, 150, 250 Yaauasaow1n laglniiivin

AOUNISNA 0, 30 N5

ANuAY (MPa) numsulasugiluesIngh 1.5

151N UL9BITUSIN 0 %

q}’]qellu’]ﬂ’qjlﬁﬂ a a 1] = = a 1 = =\ = 1 =
50 HAAWATADUIN 150 HaawasaouIN 250 YaAWATADUIN
WIaIw T EA T T T T
. WInin HInin Wi Wi WInin W
(Haaway) ' . ' . . \
AOUNITNA | NOUMITNA | ADUNITNA | ABUNITNA | NBUNITAA | NBUNITNA
10 NSV 30 ATV 0 NS 30 ATV 10 NSY 30 NN
4.75 -9.50 0.7873 1.2276 1.1648 2.1634 1.8820 3.3929
9.50-12.50 0.4103 0.9834 0.9893 2.2874 1.4601 2.7913
12.50-19.00 0.1557 0.4467 0.3150 0.7396 0.5579 0.8549




MANHIN A

MIANBIMIATENTUNATOVBVY 1 FH (Large (L), Medium (M), Small (S)) #aziuy 3 Fu

(Large Medium Small (LMS))
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MIANHIMIATBNTUNATOVUVY 1 FU (Large (L), Medium (M), Small (S)) #azuvy 3 T4

(Large Medium Small (LMS))

ANTANITNAYDIYNTITNIIANTUINNEABIUAZTTANIATIV 1ATNITIAT O
SunaTouNLY 1 Fu (Large (L), Medium (M), Small (S)) 141ih31nsenszuesvinaduriu
Audna1en1olu 8 IFUAAT g9 5 IFUAAT. LAYIUY 3 Fu (Large Medium Small (LMS)) 19
hydnsenszuesvnadurmuguinateniolu 8 isuAmns g 15 wudwes. moldoniwa
Yo TAgUIRTIMFURUAUENATS 4.75 - 9.50 HaAAT, 9.50 - 12.50 HaAWAT 1AL 12.50
- 19.00 finawa MUSINAETTNIA 0,5 Wediguglasthuin ﬁwwﬁfﬂimaqaﬂmﬁimwa
ffhumsua 0 Wi (1,412,000 n5uaa Iua, A1 Mooney viscosity (M1 75.30) finnuEims

nA 50, 250 HadWATABUIN

1.4 1 —O— 4.75-9.50 mm (Small)

—— (Large (L), Medium (M), Small (S))
—— 9.50 - 12.50 mm (Medium)

1.2 1 _9— 12.50-19.00 mm (Large)

1.0

o(t) (MPa)
)

0-0 ( T T T T T T T
0.0 2 4 .6 .8 1.0 1.2 1.4

- (7

d‘ Y Y dl = ya a [ 9 1
sU 13 anAudunslasugdueslng nieldoninavesvunalaquiasimduriiu
AUINA1 4.75 - 9.50 TadAWAS, 9.50 - 12.50 Haawas uaz 12.50 - 19.00 Haamas MmN
a J o g’ o g’ o aa A A <
5330978 0 1o Tidrua lagrimiin imiin TuanasasssunANAIUMIVA 0 UIN NANNITI
Y Y
1509 50 YadwasaouIN 1AgNIAsoNFUNATOULUY 1 ¥U (Large (L), Medium (M), Small

(S)) HaguuY 3 ¥ (Large Medium Small (LMS))
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107

106 u

D(t) (Pa)

—O— 4.75 - 9.50 mm (Small)

—&— (Large (L), Medium (M), Small (S))

—— 9.50 - 12.50 mm (Medium)

—»— 12.50 - 19.00 mm (Large)

10° T T
.01 A 1 10

t(s)

517 114 wegaamsna (D) M nalFlumsna ) melddniwavesvuaiaguiasiu

@urugudnas 4.75 - 9.50 aawag, 9.50 - 12.50 HaamAs 1ag 12.50 - 19.00 Haawas 0
a a ] o c;” o 3’ Y] A ~

YSue19s33ua 0 lesidud lagiimiin Wmin Iuanas eI susIANAIUNITUA 0 UIN
{ < Aa A 1 Qy z

NANMUEINTNA 50 VaawasaouIN TaemsaTouTUNATOULLY 1 ¥U (Large (L), Medium

(M), Small (S)) Uagtiuy 3 FU (Large Medium Small (LMS))
5

—O— 4.75 - 9.50 mm (Small)

—&— (Large (L), Medium (M), Small (S))
—— 9.50 - 12.50 mm (Medium)

41 90— 12.50 - 19.00 mm (Large)

o(t) (MPa)

0 ( T T T T T T T
0.0 2 4 .6 .8 1.0 1.2 1.4

- (27

sUd 115 anuwdudunslasugldvesing areldoninavesvuaiaquiasimdurin

é

AUENAN 4.75 - 9.50 TadAWAS, 9.50 - 12.50 Haawas 1Az 12.50 - 19.00 Haamwas NN

a J 3 o g’ o g’ o ad A A <3
5330918 0 1o Tidmua lagrimiin imiin Tuanas eI sunANAIUMIVA 0 UIN NANNITD
9 Y
N150A 250 JAQNATAOUIN 1AINISIATINTUNATOULUD 1 ¥ (Large (L), Medium (M),

Small (S)) HagLUY 3 FU (Large Medium Small (LMS))
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108

107 u

D(t) (Pa)

10° -

—O— 4.75-9.50 mm (Small)

—&— (Large (L), Medium (M), Small (S))
—— 9.50 - 12.50 mm (Medium)

—>— 12.50 - 19.00 mm (Large)

10° T T
.001 .01 A 1

t(s)

517 116 wegaamsna (D) nu na1lFlumsna () melddninavesvuiaidguias
@urugudnae 4.75 - 9.50 Haamas, 9.50 - 12.50 Haawas LAz 12.50 - 19.00 Haawas 0
a a ] L4 c;” o g’ o aa ~
YS1e13s35u9a 0 1edidud Il Wi TuanasasssunANAIUMIVA 0 U
{ <3 a A 1 Qy ng .
NANUEINITNA 250 HaauATAOUIN 1ATMSIATINTUNATOULUD 1 ¥U (Large (L), Medium

(M), Small (S)) tagtuy 3 ¥ (Large Medium Small (LMS))

1.6

—O— 4.75 - 9.50 mm (Small)
1.4 | —®— (Large (L), Medium (M), Small (S))

—O— 9.50 - 12.50 mm (Medium) s
15 |~ 12:50-19.00 mm (Large) M“’“

1.0

o(t) (MPa)
()

0-0 ( T T T T T T T
0.0 2 4 .6 .8 1.0 1.2 1.4

- (A2

51U 117 anwiAudunslasuglvesing areldeninavesvuiaiaquiasimdusring

L'l

AUGNA1L 4.75 - 9.50 HadWAT, 9.50 - 12.50 HAANAT 1A 12.50 - 19.00 Haamas N13uaen

U

a v =

a S 4 091 ] g’ Y] { { <
5330910 5 lesiFua lagrimiin 1wiin Tu@nag s IsNNANHIUMIUA 0 U NANNITD
Y Y
1509 50 YadwasaauIN 1agNsAsoNFUNATOULUY 1 ¥U (Large (L), Medium (M), Small

(S)) HagLuy 3 ¥u (Large Medium Small (LMS))
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107

106 .

D(t) (Pa)

—O— 4.75-9.50 mm (Small)

—&— (Large (L), Medium (M), Small (S))

—— 9.50 - 12.50 mm (Medium)

—>— 12.50 - 19.00 mm (Large)

105 T T
.01 A 1 10

t(s)

517 118 wegaamsna (D) nu a1 lFlumsna () melddninavesvaidguias
i@urugudnae 4.75 - 9.50 Haamas, 9.50 - 12.50 Haawas LAz 12.50 - 19.00 Haawas 0
a a ] 4 c;” o g’ o aa =~
YSuesssuea 5 Wedidud laoiiin imin TuanasasssusnanmIuMIua 0 U
{ <3 a A 1 Qy ng .
NAANWSINTNA 50 TadwATADUIN 1AIMIIATNFUNATOULUY 1 FU (Large (L), Medium

(M), Small (S)) Lagtiuy 3 ¥ (Large Medium Small (LMS))
4

—O— 4.75 - 9.50 mm (Small)
—&— (Large (L), Medium (M), Small (S))
—— 9.50 - 12.50 mm (Medium)

—»— 12.50 - 19.00 mm (Large) 9

o(t) (MPa)
)

0 ( T T T T T T T
0.0 2 4 .6 .8 1.0 1.2 1.4

- ()

d‘ 4 o ~ = Ja A [ Y 1
sUf 119 ﬂ’NllLﬂUﬂ‘]Jﬂ'lﬁLﬂﬁEluzﬂéUfJ\‘lIﬂ“H ﬂ1ﬁlﬁlﬂ’€)°ﬂ‘ﬁwﬁﬂJﬂQﬂIUWQ’JﬁﬂN’Jﬁi’JNLﬁHN1H

U

AUINAIT 4.75 - 9.50 TadmAs, 9.50 - 12.50 HaawAs uag 12.50 - 19.00 Aadwas Nsu

a J 3 J cy @ g’ @ ad A A
YWHTITTNLIA S Lﬂﬂﬁmuﬁiﬂﬂumuﬂ u’lﬁuﬂIiJlaf}aﬂWﬂ‘ﬁiﬁN“lﬂﬁVWﬂuﬂ’li‘Uﬂ 0OUIMN N
9

@

< a a 1 Qy .
AITNLIINITNA 250 naammmmﬁ Tﬂﬂm’im?ﬂu%u‘wﬂﬁammu 1 ¥ (Large (L), Medium

(M), Small (S)) Hagtuy 3 FU (Large Medium Small (LMS))
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108

107 1

D(t) (Pa)

106 .

—O— 4.75 - 9.50 mm (Small)

—e— (Large (L), Medium (M), Small (S))

—— 9.50 - 12.50 mm (Medium)

—»— 12.50 - 19.00 mm (Large)

10° T T
.001 .01 A 1

t(s)

510 120 wegaamana (D) fu a1 lumsna () meldaninavesviaidguiasy

@urugudnae 4.75 - 9.50 Haamas, 9.50 - 12.50 Haawas uay 12.50 - 19.00 Haawas 0
a a L L4 g’ o c;” o aa =~

YSesssuea 5 1Weidud laoiin imiin Tuanas sy suanangIuMIua 0 Ui
{ < Aa A 1 Qy 3

AANNEINTNA 250 Hadwasao U 1aenMIATeNTUNATOULLY 1 FU (Large (L), Medium

(M), Small (S)) Uagtiuy 3 FU (Large Medium Small (LMS))

1 Y o A A 1 a a 9
M99 25 naamANuANN UM asug e InTh 0.15 (FANGANTIUHDUFATY) VD81
FITuMIANANNuzABouaz Iaqulasiy aeldoninavesvuraigquiasaunduniu
4 a A a A Aa A { |a
AUINAN 4.75 - 9.50 Hadwng, 9.50 - 12.50 Hadasuag 12.50 - 19.00 Nadwas NJFuued
a J < J c;y o :’ @ ad A A
533010 0, 5 1eTtFua lasiimiin 1iniin Tuanae s ITUFIANHIUNITUA 0 UIT N
I~ Aa A 1 tg’ u’j
ANI5IN1TNA 50, 250 HAAINATADUIN TAINITIATONFUNAAD VLU 1 FU (Large (L),

Medium (M), Small (S)) ttazsul 3 FU (Large Medium Small (LMS))

AL (MPa) fumailaeugiluesIndi 0.15
FIUVUIATEI9 1A 0 UIN
1IA5W 50 daamATABUIN 250 Haamasaoui
(Haawag) PNFITUFIA YNBITUFIN YNFITUFIA YNBITUFIN
0% 5% 0% 5%

4.75-9.50 0.6378 0.6675 1.7370 1.9542

LMS 0.3942 0.5540 1.6403 1.7158
9.50-12.50 0.3539 0.3402 1.4008 1.4970
12.50 -19.00 0.1570 0.2749 0.5829 1.2157
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1 Y o A A [ a 1 Aa Y
M319 26 uaasmaNuAuiuMsasugdvesInda 1.5 (Franganssunun luiFadu) ves
PNTITUFARNTUINUZADBLAL ITaUIa5w MolddnTnavesvuiaigaulasiuduniu

4 a A a A Aa A { (a
AUINAN 4.75 - 9.50 Hadwn3, 9.50 - 12.50 Hadasuag 12.50 - 19.00 Nadwas NJTuueg
a S 3 4 c;” o 3‘ Y] A A A
533010 0, 5 1o Ttdua lagrimiin 1iniin Tuanae s ITUFIANHIUNITUA 0 UIT N

< a a [ ay 3

A214159N150A 50, 250 HAAINATABUIN 1AINITIATINTUNATDOULUY 1 ¥U (Large (L),

Medium (M), Small (S)) agiuy 3 U (Large Medium Small (LMS))

ANUAY (MPa) ﬁumimﬁﬂugﬂmaﬂﬂ%ﬁ 1.5
FIUVUIATEAR UA 0 UIN
170859 50 IaAATADUIN 250 HaawATADUIN
(Haamng) PNFITUFIA YNFITUFIA PNFITUFIA YNFITUFIA
0% 5% 0% 5%
4.75-9.50 1.3653 1.2384 3.4690 2.9061
LMS 1.2318 1.3126 3.7303 3.0421
9.50 -12.50. 1.0683 0.8614 3.2928 2.4841
12.50 -19.00. 0.4948 0.6069 1.2738 1.5820




NMANHIN 3

v i g ¢ Yy 1 ya A A a
ﬂ'l5']\‘i!!'E.Tﬂ\‘iﬂ'l!l]i’)‘i!“lfﬂﬂﬂ?'lﬁ!ﬂuﬂ]@ (%A0) ﬂ'lﬂclﬂ?)‘nﬁ‘l"lﬁEll?)\‘l‘l.l‘ill]ﬂ!ﬂ]ﬂﬁ'i'iu‘ﬂ1ﬂ
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v ¢ < dJ Y U ya A A a

mavaasnlesiFuan AU (% Ao ) maldeninavealfSinaenasssuya
1 J @ o 1 Y] { { 1
M1519 27 uaaanesiFuAnNIANA1S (%Ao) numsiasugilveaIndh 0.15 (329
WOANTITVULFUFU) VoI NTITUFIANANINZADBLAz TaauI1asIN nelddaninaves
a a S 3 o c;” v A o Y ] 4
UYTNUETITNEA 0, 5, 8 1oTIFUA Taatinntin NuuATaaguIaTIMAURIUGUINAN 4.75 -
A a Aa A Aa A <3
9.50 NaawAg, 9.50 - 12.50 Yadwas tag 12.50 - 19.00 Faawas ANN5EINITNA 50, 250
9

Aa A 1 o o 3 ] 1
laawasaeui aativiin Tuanadenszuiaumsua (Wunat 0 w1 (1,412,000 niuae lua,

f11 Mooney viscosity (11111 75.30)

anwialu | . AndofiFudanuduai %Ac fumswasugivesingi
AU T . .
MIna 0.15 Vadluan 0 W
o W83
(NaaaIND - - YoAO g oot R0 YoAC R 500 R0 YoA O gvimi—r 50
. (uaaluﬁﬁ) R:0%wt—R:8%wt R:5%wt—R:8%wt R:0%wt—R:5%wt
)
4.75-9.50 63.9850 245188 31.6949
50 9.50-12.50 220.5696 29.1679 148.1804
12.50 -19.00 172.9951 42.8082 91.1620
4.75-9.50 91.5691 22.4507 56.4458
250 9.50 -12.50 201.5400 29.8286 132.2600
12.50 -19.00 97.9881 26.0920 57.0187
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1 J I 4 1 [ 4 { []
M1519 28 uaaIA o5 UANIWAUAI (%Ac) fumsldsuglvesTn®i 1.5 (329
wpAnssuuuy liiFudu) vessnsssunanaueuzassnas Jaquiasan neldoninaves
a a S o c;” v A @ Y T 4
UYTNUENTITNEA 0, 5, 8 1WosIFUA Taetiiin NuuaTaaguIaTIMAURIUGUINAIN 4.75 -
a a Aa A Aa A <
9.50 Haalung, 9.50 - 12.50 YadwAs tag 12.50 - 19.00 Yaatuas ANSINITNA 50, 250
Y
Aa A 1 o o I o 1
Haawasasui aaimiin Tuanadlenszuiunsuaiiunal 0 uii (1,412,000 nfuas Tua,

fi1 Mooney viscosity 111111 75.30)

anwialu | o | Awdefidudanuidudn %Ac fumsaldougilvesingi
FIVUIATAR . .
N15nA 1.5 varlunan 0 un
L ' 1IAIIN
(WaaNAIAD (Fasmng) Yo ATk gopwi—rsvowt | TOAC Resvimtrgvowt | 70D R gopmi—R:sommt
UIN)
4.75-9.50 105.5760 34.6729 52.6482
50 9.50-12.50 157.0558 16.5543 120.5459
12.50 -19.00 201.2845 41.5510 112.8452
4.75-9.50 90.2497 18.1059 61.0839
250 9.50-12.50 150.0822 27.8700 95.5753
12.50 -19.00 78.3473 18.9764 499014
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1 J I 4 1 [ { { 1
M1519 29 udasAulesIFuARNIAUA1L (%Ao) nunsidasugilvesIndh 0.15 (329
WOANTIVULFUFU) VoI NTITUFIANANINZADELAZ TaauIasIN neldannaves
a a S 3 o c;” v A @ Y ] 4
YTNUENTITNEA 0, 5, 8 1WoTIFUA Taetintin NuuaTaaguIaTIMAURIUGUINAIN 4.75 -
a a Aa A Aa A <
9.50 HadINAT, 9.50 - 12.50 Haauas uaz 12.50 - 19.00 aawas A1NEINITNA 50, 250
Y
Aa Aa 1 o Y I o 1
Haawasaeuil amimiinluanadonszurumsuaiiunal 10 w17 (616,000 nuas Tua,

fi1 Mooney viscosity 111111 56.50)

anwialu | o | Awdefidudanuidudn %Ac fumsaldougilvesingi
FRVUIATAG By .
3NA 0.15 ualural 10 WA
L ' 17852
(WaaNAIAD (Fasmng) Yo ATk gopwi—rsvowt | TOAC Resvimtrgvowt | 70D R gopmi—R:sommt
UIN)
4.75-9.50 88.7150 27.4107 48.1154
50 9.50-12.50 250.3956 43.3797 144.3829
12.50 -19.00 5942717 44,5807 380.1964
4.75-9.50 97.9941 29.6661 52.6953
250 9.50-12.50 188.3400 47.5186 95.4600
12.50 -19.00 317.2840 78.4164 133.8820
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1 J I 4 1 [ 4 { []
M1519 30 uaaeA o5 FUANIWAUAI (%Ac) fumsldsuglvesTn®i 1.5 (329
wpAnssuuuy liiFudu) vessnsssunanaueuzassnas Jaqulasau neldoninavoes
a a S o c;” v A @ Y T 4
UYTNUENTITNEA 0, 5, 8 1WosIFUA Taatiniin NuuaTaauIaTIMAURIUGUINAIN 4.75 -
Aa a a a Aa a <
9.50 HaawAsg, 9.50 - 12.50 Yadwas tag 12.50 - 19.00 Yadwas ANNEINTNA 50, 250
Y
Aa A 1 o o I o 1
Haawasaeui antinin luanadlenszuirumsuaiunal 10 wIH (616,000 nfuas Tua,

fi1 Mooney viscosity 111111 56.50)

anwialu | o | Awdefidudanuidudn %Ac fumsaldougilvesingi
FIVUIATAR . .
N15nA 1.5 varlunan 10 uIn
L ' 1IAIIN
(WaaNAIAD (Fasmng) Yo ATk gopwi—rsvowt | TOAC Resvimtrgvowt | 70D R gopmi—R:sommt
UIN)
4.75-9.50 110.0343 29.5011 62.1872
50 9.50-12.50 201.5842 34.2519 124.6405
12.50 -19.00 491.5864 42.1670 316.1207
4.75-9.50 102.2157 33.9186 50.9989
250 9.50-12.50 133.3493 36.4288 71.0411
12.50 -19.00 356.3004 78.1330 156.1570
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1 J I 4 1 [ { { 1
M1519 31 ugasanlesiFuanAua1e (%Ao) nunsiasuglvesIndi 0.15 (329
WOANTIVULFUFU) VoI NTITUFIANANNZADELAz TaauIasIN neldaninaves
a a S 3 o c;” v A o Y ] 4
YTNUENTITNEA 0, 5, 8 1oTIFUA Taetinniin NuuaTaauIaTIMAURIUGUINAIN 4.75 -
a a Aa A Aa A <
9.50 HadINAT, 9.50 - 12.50 Haauas uaz 12.50 - 19.00 aawas A1NEINITNA 50, 250
Y
Aa Aa 1 o o I o 1
Haawasaeui animiinluanadlonszurumsuaiiunal 30 u1i (418,000 nfuae Tua,

fi1 Mooney viscosity 111111 44.11)

anwialu | o | Awdefidudanuidudn %Ac fumsaldougilvesingi
FRVUIATAG By .
3NA 0.15 ualurmal 30 WA
L ' 17852
(WaaNAIAD (Fasmng) Yo ATk gopwi—rsvowt | TOAC Resvimtrgvowt | 70D R gopmi—R:sommt
UIN)
4.75-9.50 37.9766 16.7910 18.1397
50 9.50-12.50 158.6234 21.9321 112.1044
12.50 -19.00 468.7398 339113 324.7136
4.75-9.50 65.5453 30.9045 26.4626
250 9.50-12.50 116.4600 12.1322 93.0400
12.50 -19.00 376.6804 54.1247 209.2821
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Abstract The purpose of this research is to investigate effects of aggregate size and the
speed of the compression on the compression properties of natural rubber - asphalt -

aggregate blends. This polymer blends were stirred with the machine mixer at 320 rpm

compression modulus - time for different aggregate sizes it was found that the stress
(MPa) of Cauchy’s deformation at 0.5 increased when aggregate size decreased. For the
relationship of compression modulus and time, it also increased by smaller aggregates.
The stress (MPa) of Cauchy’s deformation at 0.5 the effects of the speed of the

compression tended to increase when the speed of the compression increased. In

addition, the relationship of compression modulus and time, the compression modulus

increased by the speed of compression.

Key words asphalt, Cauchy’s deformation, compression properties, natural rubber

Introduction

In consideration of increased traffic loads and in order to improve pavement
performance, rubber modified asphalts have been developed during the last few decades.
The added rubber can strongly enhance the binder properties and permit the building of
safer roads and the reduction of maintenance costs (Polacco et al., 2005). Asphalt has
numerous applications and one of its major uses is as a binder for aggregate materials in
the construction of highways and runways (Krishnan ez al., 2005). However, this material
has poor mechanical properties because it is hard, fatigue cracking and brittle in cold

weather (low temperature), soft, rutting and fluid in hot environment (high temperature)
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and it has a low elastic recovery. The brittle character of the asphalt makes it easy to
fracture when it is subjected to stress. For these reasons asphalt is usually reinforced by
rubber to improve its mechanical properties (Estevez, 2009).

The main objective of this work has been to study on the compression properties of
natural rubber - asphalt - aggregate blends. The effects of aggregate size and the speed of
the compression, Cauchy’s equation, compression modulus and true stress were used in

order to characterize the linear and non-linear behavior of polymer blends.

Material and Methods
Materials

STR 5L Grade Rubber (Chana Rubber Company Limited), Penetration Grade
liquid asphalt (AC 60/70) (Pattani Highway District) and aggregate diameter of 4.75 -

oo

9.50 mm, 9.50 - 12.50 mm and 12.50 - 19.00 mm. were used for preparation of sampies.

Sample preparation

The polymer blends were prepared using a high shear mixer. Firstly, asphalt was
heated until it became fluid in a small iron container, then upon reaching about 110° C, the
rubber (based on 100 parts asphalt) and aggregate were added. The stirring time was 2
hours at the stirring speed of 320 rpm. Finally, the sample was poured into a PVC tube,

2.6 cm in diameter and 5 cm in height.

Compression property test

The compression properties of polymer blends were tested by the speed of
compression at 50, 150 and 250 mm/min (25°C). Cauchy’s equation, compression
modulus and true stress were used in order to characterize the linear and non-linear
behavior of polymer blends, which can be calculated by the following equation:

True stress = o(f) = %

where F (t) is the force and A (t) is the cross-sectional area at time t.
The compression modulus D(¢) can be determined as follows
a(?)

7 1
-(4 l)

D(t) =
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where o(7)is the true stress at time t and A° = is Cauchy’s deformation.

where A is the com

h, =hy,—vt

and
where £, is the height (mm) at time t, 4, is the initial height (mm), v is the speed of the

compression (mm/min) and ¢ is the time (min) or (sec).

Results and Discussion

Effect of aggregate size
The effects of aggregate size on the compression properties of natural rubber -

asphalt - aggregate blends. The results are shown in Figures 1 — 6.

Rubber: 0%, Speed: 50 mm‘min, Masficate: ¢ min

1
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=
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sqai-zh
Figure 1 Stress - Cauchy’s deformation, aggregate diameter of 4.75 - 9.50 mm (Small, S), 9.50 - 12.50
i i Y wt, the speed
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Figure 2 Compression modulus (D (t)) — time, aggregate diameter of 4.75 - 9.50 mm (Small, S), 9.50 - 12.50
mm (Medium, M) and 12.50 - 19.00 mm (Large, L), the amount of natural rubber (Rubber, R) 0 % wt, the
speed of the compression (Speed) at 50 mm/min and the time at 0 min for mastication (Masticate).
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Figure 3 Stress - Cauchy’s deformation, aggregate diameter of 4.75 - 9.50 mm (Small, S), 9.50 - 12.50 mm
(Medium, M) and 12.50 - 19.00 mm (Large, L), the amount of natural rubber (Rubber, R) 0 % wt, the speed

of the compression (Speed) at 150 mm/min and the time at 0 min for mastication (Masticate).
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Figure 4 Compression modulus (D (t)) — time, aggregate diameter of 4.75 - 9.50 mm (Small, S), 9.50 - 12.50
mm (Medium, M) and 12.50 - 19.00 mm (Large, L), the amount of natural rubber (Rubber, R) 0 % wt, the

speed of the compression (Speed) at 150 mm/min and the time at 0 min for mastication (Masticate).
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Figure 5 Stress - Cauchy’s deformation, aggregate diameter of 4.75 - 9.50 mm (Small, S), 9.50 - 12.50 mm
(Medium, M) and 12.50 - 19.00 mm (Large, L), the amount of natural rubber (Rubber, R) 0 % wt, the speed

of the compression (Speed) at 250 mm/min and the time at 0 min for mastication (Masticate).

Kubber: VY%, Speed: 230 mmmin Masticate: ¥ min

D ° o ¢ i
a 0 nag
Z L s, h\ o Bmall
§ 1074 - > ja Medium
& Large
10‘ ¥ L L
0.001 ooL ¢.1 1 10
tEs)

Figure 6 Compression modulus (D (1)) - time, aggregate diameter of 4.75 - 9.50 mm (Smalii, S), 9.50 -
12.50 mm (Medium, M) and 12.50 - 19.00 mm (Large, L), the amount of natural rubber (Rubber, R) 0 % wt,

the speed of the compression (Speed) at 250 mm/min and the time at 0 min for mastication (Masticate).

Table 1 The stress (MPa) of natural rubber - asphalt - aggregate blends of Cauchy’s
deformation at 0.5 under the effects of aggregate diameter of 4.75 - 9.50 mm (Small, S),

9.50 - 12.50 mm (Medium, M) and 12.50 - 19.00 mm (Large, L), the amount of natural
rubber (Rubber, R) 0 %wt, the speed of the compression (Speed) at 50, 150, 250 mm/min.

Stress (MPa) of Cauchy’s deformation at 0.5
Aggregate size Speed: 50 Speed: 150 Speed: 250
mm/min mm/min mm/min
4.75-9.50 mm. Small,
0.665 1.010 1.618
S
9.50 - 12.50 mm. Medium,
0.311 0.695 0.980
M
12.50 - 19.00 mm. Large,
" 0.082 0.248 0.336

From Table 1, the stress (MPa) of Cauchy’s deformation at 0.5 (less time in the
compression), it was found that the stress increased when aggregate size decreased. In

addition, the relationship of compression modulus — time, the compression modulus also
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increased by smaller aggregates. Due to aggregate size smaller, the internal friction
between the aggregate surface increased (Chiu and Lu, 2007) and the adhesion between
the rubber modified asphalt and the ag

result, the stress increased.

Effect of the speed of the compression

The effects of the speed of the compression on the compression properties of

natural rubber - asp are shown in Figures 7 — 12.
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Figure 7 Stress - Cauchy’s deformation, the speed of the compression (Speed) at 50, 150 and 250 mm/min,
the amount of natural rubber (Rubber, R) 0 % wt, aggregate size, diameter of 4.75 - 9.50 mm (Small, S) and

the time at 0 min for mastication (Masticate).
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Figure 8 Compression modulus (D (t)) - time, the speed of the compression (Speed) at 50, 150 and 250
mm/min, the amount of natural rubber (Rubber, R) 0 % wt, aggregate size, diameter of 4.75 - 9.50 mm

(Small, S) and the time at 0 min for mastication (Masticate).
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Figure 9 Stress - Cauchy’s deformation, the speed of the compression (Speed) at 50, 150 and 250 mm/min,
the amount of natural rubber (Rubber, R) 5 % wt, aggregate size, diameter of 4.75 - 9.50 mm (Small, S) and

the time at 0 min for mastication (Masticate).
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Figure 10 Compression modulus (D (1)) - time, the speed of the compression (Speed) at 50, 150 and 250
mm/min, the amount of natural rubber (Rubber, R) 5 % wt, aggregate size, diameter of 4.75 - 9.50 mm

(Small, S) and the time at 0 min for mastication (Masticate).
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Figure 11 Stress - Cauchy’s deformation, the speed of the compression (Speed) at 50, 150 and 250 mm/min,
the amount of natural rubber (Rubber, R) 11 % wt, aggregate size, diameter of 4.75 - 9.50 mm (Small, S)

and the time at 0 min for mastication (Masticate).
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Figure 12 Compression modulus (D (t)) - time, the speed of the compression (Speed) at 50, 150 and 250

mm/min, the amount of natural rubber (Rubber, R) 11 % wt, aggregate size, diameter of 4.75 - 9.50 mm

(Small, S) and the time at 0 min for mastication (Masticate).

Table 2 The stress (MPa) of natural rubber - asphalt - aggregate blends of Cauchy’s

deformation at 0.5 under the effects of the speed of the compression (Speed) at 50, 150

and 250 mm/min, the amount of natural rubber (Rubber, R) 0, 5, 11 % wt, the molecular

weight of natural rubber on the masticate (Masticate) 0 min (1,412,000 g/mol), 10 min

(616,000 g/mol) and 30 min (418,000 g/mol), aggregate diameter of 4.75 - 9.50 mm

(Small, S).
Stress (MPa) of Cauchy’s deformation at 0.5
The speed of i
. Masticate: 0 min Masticate: 10 min Masticate: 30 min
the
_ (1,412,000 g/mol) (616,000 g/mol) (418,000 g/mol)
compression
. RO | RS [RI1I [(RO | B3 | Rl | RO | RS | R:11
(mm/min)
Y%wt | %wt | %wt | %wt | %wt | %wt | %wt | %wt | %wt
50 0.665 | 0.238 | 0.155 | 0.665 | 0.318 | 0.312 | 0.665 | 0.182 | 0.145
‘150 1.010 | 0.468 | 0.269 | 1.010 | 0.560 | 0.389 | 1.010 | 0.369 | 0.251
250 1.618 | 0.697 | 0.473 | 1.618 | 0.784 | 0.561 | 1.618 | 0.647 | 0.441

Table 3 The stress (MPa) of Rubber - asphalt - aggregate blends of Cauchy’s deformation

at 0.5 under the effects of the speed of the compression (Speed) at 50, 150 and 250

mm/min, the amount of natural rubber (Rubber, R) 0, 5, 11 % wt, the molecular weight of

natural rubber on the masticate (Masticate) 0 min (1,412,000 g/mol), 10 min (616,000

g/mol) and 30 min (418,000 g/mol), aggregate diameter of 9.50 - 12.50 mm.(Medium, M).
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Stress (MPa) of Cauchy’s deformation at 0.5
The speed of _
. Masticate: 0 min Masticate: 10 min Masticate: 30 min
the
! (1,412,000 g/mol) (616,000 g/mol) (418,000 g/mol)
compression
_ R0 | RS |R:11 | R:0 | R:5 | R:11 | R:0 | R:5 | R: 11
(mm/min)
owwt | %wt | %wt | %wt | %wt | %wt | %wt | %wt | Y%wt
50 0311 | 0.441 | 0.257 | 0.311 | 0.291 | 0.291 | 0.311 | 0.256 | 0.100
150 0.695 | 0.838 | 0.536 | 0.695 | 0.499 | 0.478 | 0.695 | 0.586 | 0.213
250 0.980 | 0.998 | 0.611 | 0.980 | 0.664 | 0.685 | 0.980 | 0.773 | 0.298

Table 4 The stress (MPa) of Rubber - asphalt - aggregate blends of Cauchy’s deformation
at 0.5 under the effects of the speed of the compression (Speed) at 50, 150 and 250
mm/min, the amount of natural rubber (Rubber, R) 0, 5, 11 % wt, the molecular weight of
natural rubber on the masticate (Masticate) 0 min (1,412,000 g/mol), 10 min (616,000
g/mol) and 30 min (418,000 g/mol), aggregate diameter of 12.50 - 19.00 mm.(Large, L).

Stress (MPa) of Cauchy’s deformation at 0.5
The speed of : : : :
. Masticate: 0 min Masticate: 10 min Masticate: 30 min
o (1,412,000 g/mol) (616,000 g/mol) (418,000 g/mol)
compression
. R:0 | R:5 |R:11 | R:0 [ R:5 | R:11 | R:O | R:5 | Rl
(mm/min)
Y%wt | %wt | %wt | %wt | %wt | %wt | %wt | %wt | %wt
50 0082 | 0.174 | 0.050 | 0.082 | 0.591 | 0.261 | 0.082 | 0.247 | 0.063
150 0248 | 0.158 | 0.045 | 0.248 | 0.731 | 0.361 | 0.248 | 0.374 | 0.184
250 0336 | 0.203 | 0.139 | 0.336 | 0.919 | 0.534 | 0.336 | 0.609 | 0.211

From Tables 2, 3 and 4, the stress (MPa) of Cauchy’s deformation at 0.5 (less time
in the compression), it was found that the stress increased when the speed of the
compression increased. In addition, the relaﬁonship of compression modulus - time, the
compression modulus increased by the speed of compression. When the speed of the
compression increases, the chain of the natural rubber did not relaxed (Sombat, 2009). The
chain of the asphalt and the aggregate had no time to relax and to move (Sombat, 2009).
The residual stress was within the polymer blends (Sombat, 2009). As a result, the stress

increased.
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Figures 1, 3, 5, 7, 9 and 11 show the deformation behavior of polymer blends. It
was found that the linear viscoelastic behavior at the initiation of the compression is due to
the relaxation of polymer blends (Sombat, 2004). The linear viscoelastic region describes
the resistance of the polymer blends to loading and thus rutting and cracking due to fatigue
(Navarro ef al., 2002). As the deformation increases, it was found that the non-linear
viscoelastic behavior was apparently due to the relaxation and creep of polymer blends

and the movement of the aggregate (Sombat, 2009).

Conclusions

The effects of aggregate size were found to cause the increase of the stress as the
aggregate size became smaller. The compression modulus also increased when the
aggregate size increased. The effects of the speed of the compression made the stress
increased as it was increased. It was also found that the compression modulus increased as

the speed of compression increased.
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