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ABSTRACT

This research aimed at developing a run flat tire support ring which is made from natural
rubber foam. The first process was to study rubber forming to be rubber foam. The rubber foam was
added blowing agents and increased hardness by adding filler kind clay or calcium carbonate to have
mechanical properties that could support the weight from the pressure, to resist the heat built-up and
tearing of the punctures. After that, the process was to find out the tendency and determine the
formulas to build the rubber molding. When a formula based on qualifications, therefore, a run flat
tire support ring was designed, and a mold was made for fitting with a wheel and pneumatic tire.
Clamping tools between a run flat tire and a wheel which are glue, screws and belts were tested. The
findings of a non-pneumatic tire indicated that the glue could not withstand for sticking but the
clamping screw was capable of running wheel to 23 km. While testing a pneumatic tire with
clamping screw, the wheel could move to 230 km. It can be seen that the pneumatic tire was moved
longer than a non - pneumatic tire because the tire’s rim was strong and supported the weight.
Meanwhile, at low speeds it can be moved. Then, the run flat tires were tested by ISO367-2529 in
Thailand for the running on the streets conditions. They were divided into two cases which were
tested an air in pneumatic tire at speed 60,80 and 100 km / hr and an airless pneumatic tire at speed
40, 60 and 80 km/ hr. The results showed those both the wheels were vibrated when running at the
high speed, because the center of gravity was not balanced. Due to the heavy pneumatic tire
accessory, the gaps between the run flat tire and wheel accessories. This was mainly due to the
contact between the surfaces of the wheel accessories and the wheel cap. As a result, the trial did not
meet the target. Therefore, the problem and feedback of this research could lead to further

development in the future.
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8.) 1NOIMDIYNT 1FNUUDIE
2.2.6 ’51’151{‘]“ (Blowing agent) (Daniel Klempner and Kurt C. Frisch,1991)
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WUBAUTENGWNTINIUI1819TWH (Expanded rubber) WI08115AQA15 (Cellular rubber) &9
anvuzmanagngumeluesaunsomna 1@ 2 dnvue Ao
(Y d‘ d‘ J [ = % A g}./ Y A U
1) anpazmIngui¥ouaenu laelinitniooyninenuaeny Iaiieauisdiu
9
ldomeunsalvadewdioon 1@ veisendnyuzgngunnuiinuwuwila (Opened cell) A9
g‘ﬂﬁ 2.2(a)
@ ~ v A 1 [ =\ @ A gz Y o Y
2) anbuzgngud liieuaenu Taslimitnieoyningrnuaanudilne

Y v
Twadournudioonli'ls szBongngununiingnguuunila (Closed cell) Aagii 2.2 (b)
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Y
=<

319 2.2 ugaamsnfSeumsuanvazgnguninevumeluea (a) guyudla (o) guguila

(ﬁm: Daniel Klempner and Kurt C. Frisch ,1991)

a a v} d ]

2.3 NITUIUMSHAANAAN NN (MUI8NA 11 Tadens, 2552)
4 a A wa A ] { o a a [ o a3 =
Hesnnenaudautian lumimnzaunzai I 1snaanaasasi 1d laease suiludoed
a @ a1 d' o v I Y [ 9
MINENEAVA VAN TATAY telSuauiinvesenalyi lamuanummgaunuannms 14

a o ) o I 1 . .

NuvBINAANMAUY taziheneunIankan 1a lrunszuIun1Ineg1 (Vuleanization)
el TnssadreTuanauuua1nie 3 §@ (3-D network) W3eMi5on11M510A Crosslink

sz luanavetsnIaona il nszurumsnaanaadauaioranoasilldsagili 2.3
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31U 2.3 naaanszuIuMIkHanse (M: wisama Tulagens, 2552)

2.3.1 M3ddNgAIEN
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ﬂWiWﬁﬁﬂLﬂuﬁﬁfﬂ iIJ‘VIG]@QﬂTlNENL’]Juﬁ\‘]l,l,’iﬂﬁﬂ’ii’UI?NQWHQ@ﬁWWﬂiiNﬂ’Jqﬂiuﬂ1iNﬁ@
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HNARNUNYIN
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GU?NEJNVIQJSH"IZJWGLGU IBU YWTITUBIOUUOAAND UANUUUILTIUDUUDYNNAIU (Pure gum) ANTN

o ] a a <} < Y 0
wude lidewduasaSuussnannio lianundwselaa Jegiuldimsdunaluladmsneu

a @ 4 9 d‘ I Y a [ P A 1 a v A
gNTITUIIALAZENFUATIZ I 19 LW@iW]lﬂNa@]ﬂ UNNUTUUANAVDIYNUUA S UALASYIUND

1 9 a A 9 = g [ d‘
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A 1 A dy
13190 2.2 ﬁ"J‘L!‘]Ji%ﬂ@‘]JLLa3ﬂ%ﬂJ"lil!"lJ@\iEl"l\illagﬁ"lilﬂﬂJﬁN“]1‘1!@@]581\11/‘]1@1“

aulsznay 33184 (phr)
614 (iAo 130 2 wiiadu1)) (Rubber) 100
AMNLOY (Sulphur) 2.53.5
aq1307 z@j’u (activator) 1-5
ars3aliennagy (iladen wie 2 ¥iiatu 1) (Accelerator) 0.5-2.0
@150 1AN (Filler) (uiidosns)
o ﬁﬁﬂﬁ}m\‘lﬁll (Plasticizer, Peptizer) 5-10
ﬁ1§ﬂ@ﬁﬁuﬂ1ﬁléﬂhﬁ'ﬂ1w (Antidegradant) 1-2

(M1: vusema luladens, 2552)

2.3.2 MUALNAITHN (Mastication)
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A v vy & ' A A Y v o X
ma”lﬂqmmwmzﬁmma ﬂluﬂ@uﬁ’[’)ulﬂﬂ'ﬂ NITUARNTUTITIANN N 1WLGIJ'Iﬂ°]JL‘Ll@fJ']\1

(% 9

o A o Y A = . . Y = = o Y
ﬁﬂJUﬁﬂJ@QﬂWQVIﬁTﬂﬂJﬁTWﬁUﬂ']ﬁ‘]JﬂWﬁiJﬂ@ﬂ'J']llﬁ‘L!ﬂ (VlSCOSlty) ﬂ']f]']\?‘llﬂ?']llﬁ‘l!ﬂqxi‘ﬂgvniﬂﬂ'ﬁ
I 4 o [
vanamilulylIderniiosanaisialivzidnaunuensldeinuaz ez ldwasnulumsuanangs
Y & : a = ¥ = ” v N
mEJLWJ‘Llﬂaum3Gl,ﬁm'imuaQthﬁ]mmMﬂﬁaﬂmmwuﬂﬂﬂmmﬂmﬂwuu (Mastication) ¥4
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AMPIFIIVIULTINIT DITAYIN
2.3.3 MsHaneanuasadl (Mixing)
A A A
2.3.3.1 n3eaienlvlumsuanan
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Lﬂi’eNiJ?J‘ﬂMUﬂW’dﬁJEJNT@EJ‘M‘I‘}J%J 232UU AD Lﬂﬁ@ﬁﬂﬂﬂﬁﬂﬁgﬂﬂﬂﬂ
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) v
Lﬂ%@\?ﬂﬂl!‘ﬂ‘ﬂ 2 Qﬂﬂﬁ\‘] (Two-roll mill)

v

A A . I A as Aa A
- 1A303UANEYIZVVTA (Internal mixer) (HuAToIVANAUNLTZANTAINGS
vy ¥ &£ A it )
Tumsuaranes asauaraned e asaazlsaun q Fuasesuanautausouaealy
A 9 3 A A ' < y2A v A
HuldsraEmasosuaraNtuuTsUUAle HAAMNTIAGIVRINTUAS T HNAI8IATIUANA Y
A Y o w T A Y A a 2 Y ¥y A d' v
52UVUUAUUIING PA1IAD ABUTUAUNTINF UL DUV UATOI AADAIUNITULINNNUALAIDON
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1INIA309 NIFUTaZANIHUILILNYEINBUEN NIz LA T lwATeIUAs YUY aliHaABN T UA

aA I Y a @ 1 A a
AN Emﬁiiﬂmwwmﬁmﬂuﬂau q ag ']Ji$111ﬂ! 35 ﬂiaﬂill ﬁ’]ll’]iﬂclﬁaﬁslulﬂi@QU@NET?J5$‘]J1J°]J@
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n Y J ' A o Aa A . 4
yinalvig 1d lagnse dre619 veunsesszuvlatiionsesua Banbury 182 Shaw Intermix (WIH
59 L5QY 1AY BINTA A3 M, 2550)

A A . v 2 o v < 1
- 1R UANANIZUVIElA (Two-roll mill) UszneuAIsgnRadlBmantae
Y Y
(Cast iron) W epFovvMIUA luIuey gnnasganihesliangdmsvlSusesszranegnnas

v A

YU Safety switch "0 Safety

o

3‘/ S . G 9 3 3 U d' 9
N9809% Guide 50 Check dSulTuFamslaes uazidl

~

Y 9
bar f?msm’jmﬂuqumm N01NAYU 1AYTZUVAAAY Cast-iron "Breaker plates" 3EWINANG
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v
dm5uUSUBeI5EnI19gNNAIND Bearing  housing ¥09gnnas Feazsi1livesszninegnnauile
4 a o w 4 1 a an A
poniiie IFunuMas (WHss uwgo tay 3asa d3894, 2550)
2.3.3.2 TUABUMTUANAN (Mixing step)

Tumsuanawersegiidsz@ninmuazuasalniinnuaduaue lugunin

9 9
v o w % a

A vy g 2 ' ¥ o < A
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NIATAYIA (Stearic acid) HUVNIAT INT12BNUUNYT TUMTVAGIM HazelaNurilaga 139

o A 2K A ?1‘/ =K a v a A [] =y A %l 9 ~ o Y
NITNUBINAIINUIN Fl]1ﬂ‘Llui]\“IWIﬂJﬁ1§¢]’JW]3J1/]Vl$JLﬁ§3JLL5\°I q150US g UIWU mimmzuﬂw
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MNAAUFANIY AD A1TAUII NIUSDU Lm&’ﬁ’liﬂ@ﬁﬂu&’l\uﬁﬂm GWQﬂvlﬂWaQﬁ]'lﬂﬂWﬁiJﬁ'lﬁij
1 ~ £ Y ~ 1 s o o
N6 LTYUTDULAIVLLTINIT YWADUNWIIA (Rubber compound) ﬁ'lﬂUﬂ'lﬁNﬁiJEJ'NIﬂﬂ'ﬂ'Jllﬂuﬁﬂ\?

Aag1ln 2.4
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319 2.4 uaasvuRpUMIVARETY (NNN: Midema TuTagens , 2552)

2.4 AUENUATINAVRIENT

2.4.1 auUAMISVNUIINA (Compression)
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I Y 9 dy A o =K wa A A o o A 9
fhudu Momailaniamssunsinadailuamiahiinnudivyseniseenuuuniens1Fauues
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31U 2.5 uaaansiagiluesenanglausang

(MI1: 1YINg, 2551)

v v J J @ o
ﬂ13W'l‘ﬂ'J’lll’ﬁllWuﬁi$W'J']\‘]‘ﬂ’]ﬂjWNLﬁULLﬁ$@@]§’]ﬂ’]§§@W3 (Stretch ratio) W%f]ﬂj’lulﬁjulla$

G 9 = v A Y v 1 dy
ﬂ’JHJ!ﬂiEJﬂmEJG],G]LLi\iﬂmLﬂumﬂ'ﬁﬂﬁgﬂﬂ 2.5 mmmwﬂ@mﬁumma‘lﬂu

ANUAULTING (Compressive Stress) :i A = ﬁD_Z 2.1
A 4
ANIATEA (Strain) P AL_L-L (2.2)
L L
L=L, (1+¢) 2.3)

9n31N38ALAZHAAD (Stretch Ratio) A _L_ (1+¢) (2.4)
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@:%:M (2.5)

A 2 A g =
o F UsINATINA LY AL Ao
A A dy A Y o 2 A 12 o
0 19 wmnﬁmmmawuqmmaammzm‘lummﬂi;"fm

AL fdepmgaiidenly

L ADANNGIVLTVUTING
L g hifiusemsii ﬁammquamaﬁmmmaau
A2y, A AvoasIMItaazran Tuuunula o
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FIumsna use F uag ¢ MﬂTLﬂuﬁ“Ll
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d' 1 1 1 = 1 U .
msnlasunlasgilsn anlvgzisunaailugivesn Tugdausana (Compressive Young’s
v [ I VoA 9 o ] Y [ Y4 ]
modulus, E) A1lugadusanailuainldananudulusisdug vesnsimanudunusszning
F) ~ [V ~ 9 ~
ANVIAUNAUAZANUIATIANANIUNYUDIFN (Hook’s Law) A9311 2.6 Tasinazldmanuason
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Aumuaenaasuutasgiivesesldmmz lugaeanuaisadipmiiu ez lugen
o v J 1 o I 4 1 [
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A v o J J Y ~
qﬁ;ﬂ‘ﬂ 2.6 NINANUFUNUTIEHINANUAUNALAZANNATIANA

_Ao

E, Young Modulus E
Ag

(2.6)
wa [ I va A [ A X o [ =
?f‘ll‘llﬂﬂ”l'iﬁll!Lﬁ\iﬂﬂl‘ﬂu’dllll@]!ﬂf\‘lﬂasllﬂﬂﬁﬁﬂﬂcl“]f{luﬂ”l'iTlﬂﬁ?J‘Uﬁ”lﬁﬁ‘iJLlGfJ‘UL‘VIleIﬂ'JTJJ
[ . . ' Y S =2 A 9
HUIIVDINITNA (Compressive stiffness) VDY WFATAN UﬂLV]ﬂIUIaﬂﬂ?ﬂ%ﬁﬂﬂﬂiﬂ)’ﬂ?i'ﬂﬂﬁﬂﬂ
dy @ = o [ a a [ 14 ~ Y Y] 1 9 any
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[ o Y4 1 4 [ a
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. . A o aq Y A o yQ” a
specified deflection) 1unsali ANAaToUIZIINITIALSIN IS UM snaam ¥ suUnagounaNs

U
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=

1 9
2) 1YY B: MINATOUNMHUALTINA (Compression test of specified force) 11NTAIH
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MMHUA (W, 2550)
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2.4.2 audinaamasaa (Hysteresis)
was - A A o A ] g @ ] @ Z
auliAgdmesdd AewasnuidzauegnieluilovesiagouwiluaunguninJaguue
] o { o o ] { I @
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g‘ﬂ‘ﬁ 2.7 WeUdamosad (Hyteresis loop)
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2.4.3 anydouitnauuluens (Heat generate)
FUANAINUTING (Dynamic Mechanical Property)
auifanaiAaTIna Mu1He N13IANTABUAUDILVUTAIUVBIANMAY (Stress) ¥30
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U
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A
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2.5 ANNUTIVDIYN (Hardness)
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% = 1 1 ey d' é a d'
ANANANYFY Clay, CaCO,, Silica, C-black TuifSuamimnzay FamsaululSuunun
2
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Natural Rubber 100
Zinc oxide 5
Stearic acid 2
Sulfur 3
Accelerators variable
Fillers, antioxidant, etc. variable
Rolling agent (Clay,CaCo,) variable
Blowing agent variable

*phr (part per hundred rubber)
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(Dinitroso pentamethylene tetramine) g o 19 lan5 Tuu'lug (Azodicarbonamide) 11910
A o ¢ A Aa d o w
UTHN 10 1owl NATY AUAAT 1NA
1 = a a o
- s lenasgl laun 0u leTasienganuu Tuiesa damu
-4 a [ L4
lua (N-Cyclohexyl-2-Benzothiazolesulfenamide) wagladla nelula (Diphenyl Guanidine)
9 9 1 a d A o w
MT%TﬂWTQﬂuﬁ?uﬂﬂqwuaﬂmM A1NA
v Aa 9 1 a . 9 9 1 a o
- AINUNY llﬂ!!,ﬂ WA (China clay) NT%TﬂﬁTQTjuﬁ?uﬂﬂVlW‘]ﬁ!ﬁﬂ

[

A o a 9 9 1 a d A o w 1 o
A AN WQ‘WH‘]J.L! (CaCO3) mmnmmumum"lwy’aﬂmn 1NA  LAZHUINIAT (Carbon

S o w

a U a o
black) atia N330 uon#eguaauns lnyadiaii s1na

4 < v
3.1.2 in5esilenazginsail Fluanide
3.1.2.1 1N509UANTNENS
' J a A o
1). 1TBIVANTNENLVUGNNELG (Two roll mill) WAATAYLTHN Yong Fong
. : 2 2 2
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2). 1A509UANANE1DUTIA (Kneader) #aA1ABUIHN Yong Fong Machinery

Co.Ltd. U YFM Dispersion mixers 3 L YUIAR0INANTIUIU 3 aas USu1anuguede
a @ o £ 1 o 1 < £
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ABQNNAIKAY (Friction ratio) 1:1.2 Aataaalugia 3.2
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3.1.2.2 zﬂ%aé’ﬂ%ugﬂma (Hot press machine)
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2

v 9 1
13 89 (Jszmealng) 10 dwaaslugiin 3.3

= tﬂl 2
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4 o < a a A o
2). gﬂ%a’mﬂ’amumwmwmmﬂl,mzem (Hardness tester) Nﬁ@]TﬂEﬂJiH‘VI
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Formula (*phr)

No. Ingredient I I m v v VI
1 Skim 100 100 - - - -
2 RSS3 - - 100 - - -
3 RSS3 mixed Carbon black - - - 100 100 100
4 ZnO 3 3 3 3 3 3
5 Stearic acid 1.5 1.5 1.5 1.5 1.5 1.5
6 Supercell DPT 10 5 5 5 3 1
7 Wing | 1 1 1 1 1 1
8 MBT 1 1 1 1 1 1
9 S 1.5 1.5 1.5 1.5 1.5 1.5
10 Oil - - 2 - - -

*phr (part per hundred rubber)
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M3199 4.2 uaaamsnfSouifiounuanyuz YeIdDe AR TAS

Formula rubber Supercell Carbon Oil Weight Volume Density
DPT (*phr) black (*phr)  (*phr) (2) (cm3) (g/cm3)
I skim 10 - - 642 628 1.02
11 skim 5 - - 642 1366 0.5
111 RSS3 5 - 2 450 644 0.7
v RSS3 5 10 - 450 650 0.7
A\ RSS3 3 30 - 642 1100 0.6
VI RSS3 1 30 - 450 630 0.7
Small - - - - 670 - -
wheel

*phr (part per hundred rubber)
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Formula (*phr)

No. Ingredients
A B C D E F G

1 Rubber smoked sheet (RSS#3) 100 100 100 100 100 100 100

2 Zinc Oxide 4 4 4 4 4 4 4
3 Stearic acid 2 2 2 2 2 2 2
4 Blowing agent (ADC) - 3 - 3 3 - -
5 Blowing agent (DPT) 1 - - - - 1 1
6 CBS L.5 1.5 1.5 1.5 1.5 1.5 1.5
7 DPG 0.5 0.5 0.5 0.5 05 0.5 0.5
8 Sulfur 2.5 2.5 2.5 25 25 25 2.5
9 Carbon black NR 330 40 40 40 40 40 40 40
10 China clay - - - 5 - 5 -
11 CaCo, - - - -5 - 5

*phr (part per hundred rubber)
4 v
mﬁugﬂﬂsmmmeam (Specimen) mmgmmmﬂz51'@amm@@mumuazmiﬂizmﬂgw;u
Qy A o a ) a S 1 1 4
ma“lmsumumaummmwwmmuiumamufm:yjuazmsaawagmﬂiuizmnwammu
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e (Open-cell) AUsaaUUa (Close-cell) L TINAABDAINIINLUL MININANNS oUAZ AW

nagmisulvan lagdunaganyusNIINIENINYBILAATATIINNITNIININNTAAIUEY

200x Aaeraelugal 4.3

Webeam Effects made iy Magic Camera
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Formula F Formula G
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4.1.1 #AaMINAABININTIUN 1.1 mmmauﬂnmmqmmm m@mugﬂﬂmmwuw
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NATDUNITNA (Compressive test) TaoFuanun'lavell ﬂ‘ymmﬂugﬂﬂvmmmama (Specimen)
q" ] o
AUNINTFIU ASTM D 575-91 Tﬂwmmﬁlﬁ’umuquaﬂmq 28.6 mm LAZYUI 12.5 mm
g o 9 A wa o S 3 .
mﬂuuuﬂﬂmﬁamaﬂmimmﬁauﬁwmaﬁfvgmuﬂﬂismﬂwmmwﬂumiﬂﬂ 12 mm/min
A A 4 o A [ [ A [
MOAUAIILHMIgUANU0INIITU THan wamuﬁm"lugﬂw 4.4 wazAaNNaINIT0YeITan lu
Y ' . 2 o o a ~ 1
MIMUNMUABNITNA (Compressive load) FITTHITUINITUINNATD VLYY Durometer HHIUIY

mmuéﬁmﬂu Shore A (ASTM D 2240) W30MINAFO LYY IRHD flmiaammuﬁugﬂu IRHD
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1 < { A 3
mmmummﬁﬂ %ﬂ1§L‘W3J%‘L!GUfN
No.

(Shore A) AN

YNEITUIIA 40+0.0 0.0

A 5440.3 35

B 50+0.4 25

C 63+0.6 575

D 65.6+£0.3 64

E 66.2+0.4 65.5

F 65.1+0 62.7

G 64+0.5 60
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4.1.2 Wan3NA@INNIINN 1.2 111819AN1 1AM NGATA1Y) MBATUFU AU
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Y A @ 9 = dy A 1 =3 [
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Compressive Stress (MPa)

25

20 A

15 -

10 A

—v— Formula A
—{3+— Formula B
—— Formula C
—O— Formula D
—%*— Formula E
—— Formula F

Formula G

0 5 10 15

51 4

QU

Compressive Strain (%)

5 UEAAINAYDINANEI TANANUATIANIN (50% strain) YBIHNFATAI
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A dy Aq ¥ = Aa A A A . Y
AT NN 4.5 LLﬁﬂQW‘L!VI%]ﬂS”IW’Ni@‘U8ﬁlﬂ@§‘ﬂ)’ﬁﬂﬂ’)1mﬂiﬂﬂﬂﬁ°ﬂ (50% strain) VDIADYWFAT

A9

Formula Area (MPa) STDEV
A 0.234 0.009
B 0.125 0.005
C 0.260 0.012
D 0.436 0.016
E 0.414 0.011
F 0.425 0.017
G 0.409 0.015
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Daniel K. and Kurt C.F. 1991. Handbook of Polymeric Foams and Foam Technology, New
York, Hanser, pp. 17-45, 375-408
Patent US 2007/0000586 A1(2007) - Foam insert designed to incorporated into an assembly for
running at reduced pressure.
Patent US 3,650,865 (1972) - Method of inflating tires with foamable material.
Patent US 7,342,064B2 (2008) Rubber composite for tire and run flat tire having reinforcing layer
composing the same.
Patent US 6,776,034 B2 (2004) - Run-flat tire component.
Patent US 4,281,700 (1981) - Run-flat vehicle tire.
Patent US 4,334,565 (1982) -Tire Insert.
Patent US 4,371,023 (1983) - Tubeless tire with insert for preventing collapse in the event of air
pressure.
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SECTION A-A

A R10

2 DETAIL B
SCALE2:5
! NAME ! DATE g  Prince of Songkla University
DRAWN MR.THEERAWAT PETDEE w Depaniment of Mechanical
DESIGNER | | | Engineering
APPROVED TITLE: Run flat tire

MATERIAL :

SCALE: | : § WEIGHT: SIZE: A4 UNITS: INCH SHEET: | OF 4
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SECTION A-A
NAME

DRAWN MR.THEERAWAT PETDEE
DESIGNER
APPROVED

MATERIAL :

SCALE: | :3

WEIGHT: SIZE: A4

DATE

Prince of Songkla University
Department of Mechanical
Engineering

TITLE: Adapter I

UNITS: MILLIMETER SHEET: 20F 4




45

36

20 o

10 =

@150
5
SECTION A-A
| NAME | DATE Prince of Songkla University
DRAWN | MR.THEERAWAT PETDEE Depantment of Machanical
DESIGNER | | Engineering
APPROVED TITLE: Adaprer I
MATERIAL :

SCALE: | : 3§ WEIGHT: SIZE: A4 UNITS: MILLIMETER SHEET: 3OF 4




Run flat tire piece 1

Run flat tire piece 2

MWAME

DATE

Frinoe of Songkla University

DRAWN MR.THEERAWAT PETDEE Depariment of Mechanical
Run flat tire piece 3 DESIGNER Engineering
APPROVED TITLE: Run flat tire amembly
Wheel size 15 inch MATERIAL :
Screw M10 3 pieces SCALE: | weigT: SIZE: Ad LNITS: MILLIMETER | SHEET: 2 OF 4
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M3 1 ANUANITVUTINAVIENGAT A

Deformation (%) Comp. load (N)
0.6 33
5.6 85.7
10.5 184.1
15.0 264.9
20.1 357.2
25.9 466.4
30.3 568.9
35.7 726.9
40.5 955.5
453 1373.5
49.9 2216.3

M13190 2 ANLANITVUTINAYRIBNGAT B

Deformation (%) Comp. load (N)
1.0 5.9
5.1 74.2
10.6 168.3
15.5 245.3

20.2 309.4
25.5 388.5
29.6 453.6
35.8 624.0
40.2 812.4
45.2 1209.3

49.9 1924.2
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A13199 3 AUUANITVUTINAYRIBNGAT C

Deformation (%) Comp. load (N)
0.9 -1.7
5.6 124.1
10.2 257.8
15.5 413.0
20.2 561.4
25.7 747.3
30.6 940.8
35.2 1179.4
40.1 1541.2
45.1 2206.5
49.9 33333

M3197 4 AUTANMITVUIINAVDLGAT D

Deformation (%) Comp. load (N)
-0.2 -14.0
5.0 69.6
10.9 374.9
16.0 601.7
20.0 810.4
25.7 1119.2
30.4 1437.2
353 1876.5
40.1 2500.3
45.2 3434.0

50.3 5562.1




M350 5 AULANITVUTINAYRIBNGAT B

Deformation (%) Comp. load (N)
-0.2 -39.2
5.7 120.8
10.2 329.7
15.1 536.3
20.7 793.2
25.6 1057.2
304 1361.4
35.2 1748.1
40.3 2404.1
45.2 3404.4
50.6 5748.0

M13197 6 AUTANMITVUIINAVDIYNGAT F

Deformation (%) Comp. load (N)
-0.2 -15.1
5.7 108.3
10.3 367.9
15.7 652.2
20.6 903.9
25.0 1153.0
30.5 1519.6
353 1931.5
40.2 2507.3
45.0 3342.5

50.7 5309.0
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M3 7 ANUANITVUTINAVRIENGAT G

Deformation (%) Comp. load (N)
-0.2 -28.4
5.8 122.9
10.4 342.4
15.6 594.4
20.6 840.6
25.3 1090.3
30.3 1383.2
354 1798.6
40.1 2340.0
45.1 3218.3

50.0 4999.1
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M50 1 ANUAUIEZANUIAE 8AURIANTANSINATHIADS AAUDIINGAT A

Comp. strain Comp. stress
0.00 0.00
5.36 0.16
10.34 0.48
15.03 0.77
20.15 1.11
2541 1.46
30.73 1.85
35.27 2.25
40.48 2.83
45.03 3.59
49.43 4.67
49.14 4.46
45.57 3.08
40.72 2.26
35.94 1.76
30.51 1.36
25.96 1.08
20.85 0.79
15.59 0.50
10.04 0.24
5.86 0.03

0.20 0.00




114

M15199 2 ANUAUIAZANUIAE BAUBIANTANSINATAIADS TAVDE1NTAT B

Comp. strain Comp. stress
0.58 0.00
5.59 0.12
10.55 0.26
15.03 0.37
20.07 0.50
25.88 0.66
30.29 0.80
35.66 1.02
40.48 1.34
45.28 1.93
49.13 2.62
49.10 2.63
45.83 1.62
40.69 1.04
35.95 0.76
30.57 0.59
20.33 0.37
15.40 0.26
10.38 0.16
5.98 0.07
0.50 0.00

0.00 0.00
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M5199 3 ANUAUIAZANUIAE IAUBIANTANSINATHIADS FAUDI1NGAT C

Comp. strain Comp. stress
0.28 0.04
5.67 0.45
10.21 0.79
15.21 1.16
20.59 1.61
25.01 1.97
30.52 2.52
35.15 3.05
40.31 3.81
45.62 5.03
49.83 6.61
49.71 6.39
45.81 4.35
40.82 3.23
35.87 2.57
30.53 2.03
25.57 l1.61
20.96 1.25
15.47 0.86
10.32 0.54
5.78 0.27

0.53 0.02
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M15199 4 ANUAULZANUIAS AUDIANTANSINATAIADS TAVDILNGAT D

Comp. strain Comp. stress
0.41 -0.23
5.69 0.28
10.35 0.83
15.45 1.39
20.24 1.92
25.45 2.56
30.44 3.35
35.13 433
40.29 6.13
45.14 9.60
49.78 19.83
49.48 18.42
45.98 8.79
40.97 5.04
35.76 3.20
30.95 2.25
25.88 1.59
20.56 1.06
15.42 0.62
10.75 0.24
5.63 -0.16

0.96 -0.34
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M35199 5 ANNAULAZANUIAE IAUBIANTANMSINATAIADS AAUDI1IGAT E

Comp. strain Comp. stress
0.46 -0.21
5.64 0.40
10.28 0.92
15.59 1.45
20.32 1.86
25.28 2.37
30.23 2.95
35.37 3.90
40.28 5.37
45.13 8.28
49.66 15.74
49.64 15.37
45.70 6.64
40.68 3.70
35.67 2.42
30.99 1.79
25.98 1.32
20.96 1.00
15.80 0.65
10.91 0.34
6.00 0.05

0.56 -0.28
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M50 6 ANUAULZANUIAT IAUDIANTANIINATAIADS TAVDYNGAT F

Comp. strain Comp. stress
0.50 -0.07
5.58 0.32
10.20 0.89
15.53 1.50
20.13 2.04
25.34 2.71
30.32 3.45
3541 4.38
40.03 5.57
45.19 7.68
50.01 11.68
49.98 11.40
45.73 6.52
40.61 4.38
35.85 3.32
30.86 2.54
25.77 1.92
20.89 1.40
1591 0.95
10.80 0.47
5.50 0.01

0.99 -0.10
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M590 7 ANUAUIBZANUIAE 8AURIANTANSINATHIADS A AUDIINGAT G

Comp. strain Comp. stress
0.50 -0.20
5.07 0.27
10.21 0.85
15.72 1.46
20.27 1.97
25.02 2.56
30.16 3.27
35.66 4.26
40.06 5.30
45.20 7.24
49.88 10.68
49.87 10.48
45.71 6.29
40.56 4.38
35.72 3.33
30.03 2.49
25.55 1.95
20.87 1.47
15.99 1.00
10.60 0.50
5.68 0.04

0.83 -0.26




