KU?tTB 7A¢EBDOEB UBsJ3¢g

#7¢2) JIUBSBULFEELTEE z¢j) PLTgFE

‘:\ M
O
PO\ R
¥ npoMmHb 2
X
nvpopos

UAz| wtYsagz| gtFT¢R AANG) BL) B

] ?) s3érT¢, UBALAN) Z)éLtT¢ Tt IYBsBUOLEE
Eg) ¢tTa?pIP kLt TAP) E ¢t HE) UAAE?qpq?
EIPUAEq? IATHERP pt | 2 AEE 0] B¢

AYtL dbs ABQq? :
AK3IF¢) ULBE B3 T)Ugl¢gége¢F ¢BI ¢BZK]

F3IOGaA):0¢g
) TKpPB? ) E tq) ??¢FE

j Ug?2) 2020

1 ¥ < 1hh267



A3i | Nt Egt AE

UU edUaU 30U Usily Yir Usd UgecUpskedaldse
oUs eU GUeyo3Us oU0do F] q Ud us¥YyaUsU
&gsta»a»esUUg’ y Uls GUds U sUgce casoae) Y

t#i0a 00y Ud Ugl Ug faiywadaf Ul Usdglidtdlbhes 6 o ¢
TUddodUe AzY o90s95U Uds Ueyy sald lgebgae U
Uds GgsUceUagg GG&'JLmq:as&w[gquﬂaouﬁGO[aug’qg Us ahf:

K 9 ayaes3, Udglj s &y okelB. sddamdbe F-
] 30U ady vUe Tqu:bbaiUeUaAyz;Hauuoqugs an;UYuf]UaLLUgﬁ
Usd o31lUsd "eg yaUbU aUUY Ud lsYjalUsU

gy 2ad dU L"JegobLTJq“UﬁdJ divoegUalds Uesgd oe3Ua
eag, Uds e, tiidlhelicay dlgu:{:eUmhegeU Uc{sel.ﬂ.bde;es»
aUUUshalgidyuUssUs oaUs Hglbedc Fgddsddd tBas .
UU " UsitusY e6g o%0Ufeayg spPUgdsegasPsd oaec3U

1 ¥ < 2h h267



BAANL A} BZ A7

BANAE S E Qe rimieieeeeeeeeeeee e

AB S T R A T e e 8

TAKG) s) £tB 1: ALEJ.OGOE ... 9.
1.1 BABBHUBEAR 3 S b 0.2 et 9
1.2 LtEEBALTE K2AKstr2¢ BEIRUAELAQR.. IS ET.Q2 i 10
1.3 UsABRPATE¢z) ¢) EBIPUALQR. . ISkt T.Q2 i 15
1.4 @1 2£?7BZEEFE EBEIPUALQR .. 1S ET 0.2 e 17
15 KIAL B Z JZBE B N KBttt e 18
T R = =S N - O N OO 18
L. 5. 1 L B AR Z B e 18
15128 | 2 £ ?PBZEFEE YB S 2o/ A 2t 19
(T Vi AR =2 G TN - S FO USRI 20
153¢ AUt ppR¢ AUTsSALEZ) ¢q? F¢EgLtE LptBEggAE ¢.0.21 AYB? K
L0 5 0 4 e BB Bt 23
154AB AT | D EZBEIEN KB, 24
1.5.4.2 ZAKE] SSLETARE 2L BNEE. e 26
15437 AN] ZET KR Zfe NK Bt e 26
1.6 AUYB? At Pt T AR AL EED KB oo, 27
L1068 1 BRI IBE oo 27
162t pt Bg ¢ ¢ AE EEANKQ? AUYB?2AL.pb.T.ql. . AfdgLRg2.........28
163 PEBEFEEAE JUANQ? AYUB? AL LT 0.2  AEELE2.Q.20 .. 28
1.6.4 Bt o) ELTAKE KAi) NZBUKE FgLE..ABB2AL QLT ARINEEL D,
L7E 2 QPFE B3I 2 UG B Sob T oo 30
O = 3 N G = PP PPPP 30
1727 ¢ ) Pt TKE L ptBEgggAhkE t?2qpq?..El2UAEQq2..35.LT.817
R ARCY 8 o oY Y o O OO PRSP 32
17300 2 KB U3 o SbBidie oo, 32
L7328 P2 KB ] 2 U oo Z ettt em ettt sttt na ettt 35
1733 2 KB BB S 3 ZBABI oo, 38
17347 KB ] S S E T KBk 2 Bt 40
1T35F BN ZE T AR b 2B, 41
17368 A b § £ WHIBKERS ...ooooeoeoeeeoeeeeeeeee e eeee e eeee e, 42
1737E 2 KR GIBETQ? BAIT Q2 HBAG oo, 43
1738E3UTALEE KPEE] 3 BET 0.2 b 202 44
(Y A= @ G le YA - R N U IV SN S-S0 A8 DO 44
1.9 BENQZ ] ET) BIRUAE 3. ST e 47

1 ¥ <3267



110t 7 qpg ZAg) sstT) UBSIEEANQE DAL PUAG) EBQWKEH Ist T
TAKGO) s £tB 2: E¢gBti At.)...ULq AL E. ... 52

2.1 ) BE T AR K2 2Bt 52
211F3?7¢ BBt BALEZBt EgBLj At.g.2..Z2.£j.J.2LTLE. .......52
2. 1.2 K?2KANUGKE] Y] AN) ZBALQELE.. . EEENNBELE.......57
2.1.3 ¢ ¢)2?BZE¢EE €q? ZAKEQ? ) EAL ¢q? | PEBBAEEEQ’

220KQAL] APt ) Z ABE B 0 BB, 59
221BAtLtE7zBE UAKANZBTA)Et|] B 3] sqpBlE..z.AE).Bgo g B5H
2.2.2 YANLOA) Of @E¢B KoL) 2 KABLE 0} BEEB 60
223U0AqQA¢ ¢LTBE JUBSBUELFEZBE Y| jBIF.A2pL,. .2 ARLEGID | B¢ E
2248 KL N) 7 ) gL T¢ YAANLTOA)OG¢ Tt UABE@LBALEZBE ¢B3I UYjj
UANLATELTBEEE) B E¢FE K2} Z AL R0l BLE i, 64

TKG) s £tB 3 : 0OAKqzKENALE T E¢BtjAtj UK
zEB?géAs 0 T PP

3.1 UAQA¢gLTBE UABEPLBALEZBE | T¢t?2q? ¢AEA| 0] ELTBI

FAALE R KPP | Z AR Do Bttt s 69

3.1. 1 GAQZ7AENLETE T @B 2B 2.8 b 2.0 20 69

3.1.2 UKQZAEANETBLE . HANAEBALEZBE oo, 73

32 UBsBULFEZBE | Tét?2q? T)t T)¢06 BUTB UANLATELTBE¢EQq
BEB AUE| 0] BET B . 2B S B eeeeeee e eee oo oeee e 73

T AU LB 4 Ks| EELTAE Eg) UKBKESE] ¢
Kot [ Y KB ¢ E ufk¢¢ ..................... F1 URBHAES o &3

4.1 YANBEQ@LBALEZBE Ks) EgtTaq? E¢) UAKAQ? T)t si8iq? P

4117 Ks K¢ ¢ Y] N| OBSET £ BE.Z KB J B S Fiiiseeeee 81

4.2 ULRWETAR] ZZEFTYAN] B 2B 89

4.3 | ?7¢Bj¢ tP2qpBIFE EI?UKEBI IstlBI.z.A.K2ptl0Q AE¢ )
TAKG) s] £tB 5: | ?2)Yé32¢ KAKUYU¢g) u) EtTBI T3
ZB B A S Bl 103

5.1 BAALUGA)jOf¢ TIst?pALTBI AUg,).0).FtTBI. . 2.B2¢KW3BJI
523YBsBilitFEzZBE ¢€B3 mt) ¢ TBIE ZAEANBI. . As. . EEgLrLT Bt &) F

5.3 3YBsBlUtLtEZBE ¢BJ3 ptPOBEONBI.E..s.BOB I i 107

5.4 3UYBsBlUtFE7BE ¢BJI ABAGSONH.BI..$.BOBIienn, 108

5.5 3YBsBlUtLtEZBE ¢B3 AiUT) \FtB3I 7HALANBJI. . Ks.).EgIrTBgg ¢ |

5.6 J3JYUBsBULFEzBE ¢B3 ot) ¢ T7TBIFEGCTALABRL. .t g HNEAQE

5. 7 JFUBS BEEGE ZIB ittt 114

5.8 7B?¢Ks) Tt KTUAN) BALE t] @¢LE Ks| E¢POBIAN E¢| UK/
E20@q? BIPUKE QR d S b 0. 2 ittt 115

5.8.1 ¢3YBt ot ) 72¢7TBIFE 7AENBI..As) FgtlBgg g ELIK

5.8.2 @3IZBRBIGHE S BOIBSDNBLT....ooooveeeeeeeeeeeeeeeeeeeee e 116

1 ¢ <4h 267



5.8.3 ¢$3YUBL AUT) ANEtBJI ZAK¢gABI.As ). EELTBELE) ELIK

5.8.4 ¢g3YUBt omt) z¢TBIE 7z AK§¢ABIL..pt.) gL EAQE. . G...118

5.9 BL?) TAE | OBERISIAER) BT2E S 120

LI T X e T A0 35RO 120

LS A o o B I T O A N O A IO S PSPPSR 126

5.10 FjBst) EZBE | UBBRASHEER) BOU2E Jeeeeeieeeeeeeeeereenns 131
TAU]SJtB’A@{/\tJ I ? ] zi—.T ? Ks | EErTq?
Fé) UKNWEqQAL j’P¢+_IZ¢ tjE ¢3135nHAS

IS =TV I v OO 135

62E3P2UKEB (ZL0U) PLATSE ) EZLATEBNEBE . £.). oo, 137

63P3I?) ZLTB ZAEAB | BBULTAIELE e, 139

64mPI P ZLTB ZAENB . B0S AL QR 139

65FE3I?2UAEB (ztil) tTB) Z KEAB. K2 PBEKGE. oo, 141

66FE3I?2UAKEBE (zti) ot TBE) ..s.B.0.B.E...RQL.SS.ON.....ccoouo....... 141

67FL PUKEB (zZLAO@OABYILE Y UL QBB B 141

68E3I?UAEB (ztil) ptTB) ZAKEAB.QPEJ EZEELE e, 142

T KO thBl/\BqutB/\thBE qo&’?Jzi-_Tq? AS )
E¢1U AN T PP 143

713YBSBULEZB®IERBILTq? ZAKENQ? Ks| EédtTq? Eé¢)] UKANQ? E¢
IB?¢KsB ) EAL ¢q? E¢)¢rTq? UAQALELET.Q?...£3.80.2.143

721t | Z €T KE @I ?) 2L T B @ZtATEBNBE ZASH.. ..o 143
7220t | 28 TKE @3I?) ZLTB 7ZAENANB KAs| E¢LTyVvgLé ) E...2. K453 N pB
731t | 7 ETARE 3 ?) 2t PBIBSONB.UB.E oo, 146
732t | ZETAE 3 ?) 2t PBBSCNBA BHE) N| OB Al 148
733t ) ¢ TKE 3 ?) 2t PRBIBSONRY BIFEYTB?2 ¢ AYBA | AN¢EE ¢q?
Bi KRB AQ? WEITIIEY -RILEY w.ooooovoieeieeeoeeeeeeeeeeeeee et e eesee e eee s eesme s s s e s s eeeess ! 149
7A41K0GT ) AEEBE 3 7] 7 EPOBEONS.B.I.B R oo, 150
7.4.2 KidDJAFELBEBE BBISBNE A Y| AJ OB KB, 151
751K0T) ANEtB QIPKZABBAS) Bt TBELEL B, 152

752K0F) NEtB @3 ?) 2t TB ZAEAB Ks | E¢tAIBEL L) E...2. K58 N] B
761pt | Z¢TKE @3I?) ZtTB ZAEAB.pt ) g2 L EAQE e 162
762t | Z g TAE 3 ?) 2t TB 7 A¢ N\ZBA qit)) ) ZBBHAKHE..............c...... 164
7.7 Ks) BEELTAKE Bg) UANKE EA EI?O0ONEERL.. 2K Eg2160q2Y) I
771p3?) 2zt TB 7 K¢EAB As| BEELEBPEAEBEEY¢ z A ¢¢? 0.q6t] GOA

77203 7] 2t TB 7 AEAB Ky | FEKLEBPAAEERE K g¢? GqRt) ayA
1S AN 0 o 15 T O -3 SRRSO PR PR 169

77332 ) 2t TB T AK¢gAB QAL FORPANE ¢ B¢ 2K g¢? 0.g2HT0 GBAEL

7743 ?) 2t TB ZAENB AL FEPANE L EL A ¢g¢? Gq?t)] UBAgtL
1S AN 0 o 1 5 I O -3 TSSOSO PR PP 172

775p3?) 7t TBE BMSSBMEA EI?) ANg¢B¢ A ¢¢? 0.q2L). 1TBBAgLEZ

1 8 <5267



776p3?) 7L TBE B@ASSBNEA EIP0NEF¢EE 7K ¢¢?2 0q?VY) OUYAELEYE

L I T Y= I O35S 176

7.8 | UBEASAEZ| €] PI? )| QRTHP) GAAERE LT e, 178

7.8.1 UpR)BAEzZ)¢) @®I?)ztTq? Ks) EgtTq? E¢) IBAAQ? 0

7.8.2 UpR)BAEZzZ) ¢) @®I?)zLTq? Ks|) EgtTq? E¢) IBAANQ? 0

7.8.°73 TWHHEL) GA) 22 ¢) @®I?) zLtTq? Ks|) EgtTq? E¢) UAKAQ? 0
(UFZ0.85,F2LL0HZ) ..ot eeeeee ettt eane st en et et e s s st emnnsseestntesees s et eseeesessanansnnnes 197

7.8.4 EFjBst] EZBE QL lA)Z.Z. 0002 212

T 0 8. 5 B3 ZUANLEZ Bttt 219
TAUJthBA&Aféﬁf ;#(Bd&éj Zt 3 T3Ist?2@AtL
ZB?PéAsB3I 7K ¢¢ ' ¢ AZYBALTBI UYABI
BABAN) BEZ K?Qq? E¢B+_1A+_q? ANS..Y..S ..... 220

8.1 FE¢) ¢rT¢BIAYABMSE tF ¥ BEANL | T AE E IWBUINENAA.......220

8.2 7B?P¢AsBUBLEZFKEE KA YAUYBANL.EIAR). .. . EEgBLE.AL). .. 224

8.3 AULESIEFZ Z.B 2B AS B I, 226

8.3.1 KUY¢g| U] BLTB T3Ist?pALTB zB?2¢gAKsB {lt)] T) UK BAAL,
U ettt eeee ettt ettt e et ee ettt e R et et et et e e e ran e A et et et et e et et et et e nant et et e e e et e tet et e st et ennnans 226

8.3.2 7B?¢AsBUBLE¢EYE E¢E K?pt )| Z KBEHEE). BLE. .EZRIT|) UK

8.3.3 JUBSsSBULtEZBE ¢BJI ot 2 ¢TAKE ZAKELABI. . KS).EEBLTBEC( &)

8.3.4 3UYUBsBULFEZBE ¢BIr.sB0BI...ROLSSON i, 240

8. 3.5 JUBsBIitLFEZBFEBKRET ) MNEEBIQN. ..o 245

8. 3.6 3UBsBULFEZBE ¢BI AS§FTFAFEBGE ¢Eg KEARS.............246

8.4 3P tT¢ zKskKé¢¢ ¢BEIDBBthEFAF ¢ BFPRAKFKEEL 250

8. 4.1 3UYUBsBilULEZBE 3?) UFBAIFKGEABD) 4 U®L) 7¢T¢ sBIiBJ
POISSONI £ Pr=40%-f= 1 0 DEEUr=65-F= 1 LD ferriiviiiieeeeeeeeeeeeee e eeee s 252

8.4.2 @t 0-EPpPzZYKA) EZ) ¢)] IUBsBULEZBI 3?2 ZLTBIE ZA¢,
] UBUE¢TAIEAQE T POISIOBMItBA=40%- f= 1 0 D&Ui=65%F= 1 1 D.fu.cocovveene.. 260

8.5 ¢AstT) FIZYHABEFZKALF 0t)] z2AKssBRELTL...KNABF ?)
OE S £ B U A b e 265

1 8 <6267



HAAL S ¢ ¢

ZU(d 3 “"Ujyei GU eUUUGcPgéoavasecalpdlligaUU
UaUGUsoa§aqUUieddoaUs dUxpadlls oas Ugplig Fdds
G

UUOUsoat 3 oaUs ugsUssdaJns@g’UaLdmh]sg@’samﬂdlda!ﬂ@&
UoUgdi 3G UxgdU BdaidqghboalUyd WxgW @i dddgaldsal o
eydeitie Uxsz ~ U U0WG eyzaelabaiiglictbe @ o & a(eaydiivrge 6 3
Ue @6) 5061 ~ANSYSAF ece UUas(d

isU Uds UsyY UgadqUlggosddzopedd Udasu afls y
GyaUyd UsyvyelOOU aUsdj jodsilek 6 5 & 9 wdlds 3 digyldd)
U UU0GUGsafh e UxbsdthfelhbgleallUs U U 0¥
UsadaesgcalU Urs GYGUr3s aobetlgi=svsileetdy Eed
UstsyYe U6 dquiivsivde U8 qUi¥0d¢ UsltusyYeUGd GYad
"6oagelU) ssedo Baelly dyeslWoe gevibds daGwydi.UgUs (
UstsyYeUOd Gyud ,0o3tlgsUssdeebtUbddgahe U3l
aUU0Y Uds UsaUsszsosae aUUUVUidgsiadd Usg ee83Uya
GiosU Uc=zscsleghs Wx3s UalU0 Usg. 31i & dUdBywa® s o e
hUs @85 edeUssayd slishUdqUUd Uesyg dBde U
" Uy Ub esealblblehde a-e d .

] 1690Y g 6oc6oa0Ucs®UsBydg DGUWIF wdd el
"0y sUaUsahUdUUd GU yooeaUsliecU aUs GUds 0
eU UsaUas3U Yoeoars ULOdadlyz Usld. d Palhdl el s

TOUUR 93 6y dusee 6oL 30U0d Haghine Uptlbe g
Uds ss3rvlicUalUGUsose G UU)igdhelv ) baeg 3ddas Uy
56 ¢ addedllp o pParfellidd e ¢
algl Gheydd eU Usd as3Ud
GgooejaslUesl U0 UU UsUdyussU "Usj3 Ut UUs oY

gyaocead UU U eUUey8eUUU "6g UszecddUs

C«
(O}
C
e\
@
—
Co
CC
(O]
o O
g
Q |
T
(.D
2, @
B o
8, =

GUe ocilhmywes addalUs eU UBygs Udlopdfeossly ez
U aldd aUs ¢ Ws(W eUnsWbaoivUalislelilk ¢ ¥ 3 U.

Fgsseyadtl&®sU00dUU0UayGeUOUU "6g “~jyeyoeagyUs,
g cocosfdlomyeiems 3dy addUvy) ddei 3 soaUsze a

5
£ aUae Usy wehlWdsde ¥ Ul U Weee y 3 U.

U
U

1 ¥ < 7h h267



ABSTRACT

In this postgraduate thesis using the theory of elasticity, theoretical expressions
have been developed to calculate the static and dynamic elastic constants-afg one
fiber-reinforced compositematerial. Also for predicting these constants, the
corresponding computational models were develgsatg the finite element analysis
method (via the ANSYS 1Brogram).

For the development of the model we have adopted the theory of the intermediate
phasdinterphasepetween the fibers and the matrix. We used a cylindrical sglvase
model where the composite material consists of seven phEsesequence of the
phases ofour model was fibemterphasematrix-interphasephasefiber-interphase
matrix. The intgphaseis the portion of the polymeric matrix adjacent to the fiber
surface.We considered the intghase to be heterogeneous with constantly changing
mechanical properties in the radial direction of the model.

For the determination of the elastonstantsof the compo#e material,we
considered that the mechanical properties of the interphase follow the law of parabolic
change.

We first calculated the static elastonstantdor different fiber contenand then
compared these results with those of othesearchers as well as with existing
experimental data.

#hen wsing the Hashiprinciple, we studied the viscoelastic behaviohefmodel
for specific fiber contents anddetermining the dynamic elés constantseven at
different loading angles relativie@ the fibers. We compared these results with the
available experimental data.

Finally, the results obtained by the finite element method were compared with
the corresponding valued the theoretical models as well as with the corresponding
experimental data.

Summarizing results ofboth the theoretical and the computational models can
be considered satisfactory as they approximate the experimental data with good
accuracy.
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Il Carbon laminate

[l Carbon sandwich

B Fiberglass

Il Aluminum

[C] Aluminumvsteel/titanium pylons
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15% Composites
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20%
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o MeyoAdtepn OAKILOTNTA Kot KOAAITEPEG
UNYOVIKES 1O10TNTEG.

e Behtimon punyovikov B10TTev 1oL
GUVOETOV OE KOTOMOVIGELS OOKOVUEVES
o O1evhHVOELS SLUPOPETIKEG OMO AVTEG
TOV TPOGUVATOAIGHOD TMOV LVOV.

e Behtimon g akapyiog kat avénon tov
HETPOV EACOTIKOTNTAG TOV GLVOETOV.

e Mgiwon g svasbnoiog Tov cvvbétov
GTNV TOPOVGio SLHAVT®V Kal dtevpuvon
TV 0EPUOKPUCIOKAOV 0pimV ¥PNoNG TOL
cvvOétov.

e Behtimon g Oeppikng kot nAEKTPIKNG
AYOYHLOTNTOS TOV GLVOETOL Yo E10KEG
EQUPUOYEG.

e BEvkoAdtepn ovvdeon tepoyiov  TOL
GLVOETOL VAWKOD (GVYKOAANGY, KOAAN-
on).

e Anpovpyia  €VOPALOTOY  PECOUETOAMKOV
EVOCE®MV  OTN  OEMQOAVELD.  UETAAAOL-ivag
ouppdirovy otV amokOAANCN WOV amnd
UNTPO TOL 0OMNYEL GTN HUIKPOPOYUATMOOT KUl T
Opavon TV vov.

e MeyoAVtepn — mOKVOTNTO  KOL  EMOMEVOG
UeYaAvTEPO PAPOG THG GUVOAIKNG KUTUGKEVNG.

e davopeva  didAvong wov ot UATPO, OF
vymiég Bepuoxpacieg (m.y. didivon wov SiO;
oe uqtpa Al).

e Acvvéyela ™G KOUTOANG EQEAKVLOHOD TOV
ouVOETOV VMKAOV ©TO Oplo  Joppong NG
uTpog.

e AVokoAn mapoaywyn ovvhETov VAKOV KoL
HEYAAVTEPO KOGTOG.
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Xnuun ovotoon (%)

SiO, 54 60 65 >99,5

AlLOs 16 25 25 -

By0s 8 - - _

CaO 17 9 - -

MgO 5 6 10 -
Mézrpo Ehactikotnrag (GPa) 75 80 84 72
Avtoyn og epeikvoud (MPa) 2100-3400 2500-4400 2800-4800 3500-8800
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Bspuokpacio THENS ( °C) 900-1200 1400-1600 1400-1600 1720
Méyiotn Ogppokpacia ypfong ( °C) 550 650 650 750

Kooh3apPUlUb8d) sy YxsogpbBasaci

1 ¢ < 320 T 267



E- glass (E=electrical); ) aUsUUs o250 UU Gge3hUU
gUaegseeUUU U oaUayd dalUsaUjseayd sushUqUU
aUae Gge Uysite}; ¥ GUds UeaUoe Uxs oaUsy ss

-

cdesayY UsUsitijyUGUey s

C-glass(C=corrosion): 3 Uac@ @Bl ¢ UU0g@yaieUad GUd
aUs BpPBYgUU3sayd stshUdEIJUURHUBgd s a
UsysbfhUU,; UJd.

Sglass (S=stiffnesy: | a2} o b hglellgasf) (Eiglss U@ gy defh UU
GgloaUeyalU oaUs dUjesoae olhylherage. 0 Udiadt &8¢
bsoesedqeUsal.

yUUs " Uy oayce3UUSIERDITY¥a%w) cal®U0Wd) 6i 3|
Useyd U¥s egdeUssat 3 silssUeUrys Udd asUd

0i sdli@dglleg Ushhoas, GU Uslusoeyd UlGU) sclsyd sfp”
stishUqUUd avYUy U h gydee dUjyeesaj UlaU o)
"gJlnUs

gU bUGosaY ~aUes3UsaUeeUUU Uxs gUeaess3deY
gydee UsUsce, Uzt aGUU aij}sU0 eUse3UsalUecs
UaUGUsoampUdUEdoa® UsUccw®Woldgegbypglidyg dda
Udd U s¥Y3UsUd Uegd). KocecUj yYaUsd aUs Ucs
UvyaUvys aUds U sdGyY3UsU Udd a3U0Ud, U O
edqeUssoat 3 Usgd 9 tdeBUle Uysf Galilyst diid dgU eagedU 3ihUL

¢ "~ Uy Uovoe Ux3 9313 ogUasei 2a3U0U0U0>s
eelUyUd U UsvYU; qUes " gdeys3U aUs "~ Ujysaleh

@ @
(=1
Lo

XOANH
[TPOOOAOTIAZ
AEZAMENH
ZYNAETIKOY
MIrVA

ZYZTATIKON
FYAAIOY AOXEIO
THIMATOZ
. TYAAIOY

Ty (1000°0) ) N

L
TPOOOAOZIAZ
<« NHMATA

EQGAPMOTH
ZYNAETIKOY ()

AEIMH INON ——>

TYMIIANO
NEPIEAIZHE
INON

- = [lepEMEN VGOV

(I

Aooh3po¥opWEE WalnsUovyorgUaseis

1 ¢ < 33h I 267



9 ¢ 31 0e ieedUUalUs GU uU

9 ¢é6 UeoeU Us dUUUaUUs 0
"gdeys3U (UsYaent)Uy ed 6 13 1

T ¢é8 ogUesa 3 yUs eyGU U K Usd 6 yd I
bU; i UqUU(J .

f Bs "~ UjUoheU3Ud as3U
edqeUssoayY eycyoad ARUesg U @
UaaUGy hd yUaUlGehd Usgd U

d Gd gmsa@s (bylUss e Ul
o UeSimsg » UWd 4J o B4
eV 304 (yiszd).

9 jJoecgecgidyd 65 as3Ud vy 6e3U0Us U g
"3 6860U00UUgUsah a5 Udntey o fps dlsaial M@a@lﬁslgmea;h
Uyjegs *vd ~3e00U00UgUsayd U sal
sz Uy Ud.

9 éyeaasad, 685 a3U0d ~ Ustandgnga erss @ Hbsrs
(Ug see Usee) oijyrv U K Uie Use(Uddgg UyBYg
U¥ 3m/$.0

-

286 9 gUae3esUUeg
y U eagy) led.

glGadGUUs3sU0UU>s
"Uyp UsUyy ¥ sUyoUGa

T B wywoUoeed Udd usUeyUyeg Ux3s 931 3
UeoeUUsd ey U GU0Ud uUsUgPsuvsUbgty) 6goblffbd
UUci UqUUg " UysaUjeiied Ueg Uge Yszeg.

T TUOUY Ud uUsYj;aUsU "~ UjUoroed Uxs 931
5313 e¢U0Usi Usgd, oaUdid oaUs egU ¥YaaU U:
U saGUsUsUsayd oaUst Usd GUds asU.

T ¢U 6de adolvéidey(hiioUay as3aea3UUs aU "~} e
G¥y93Y 3 AOdUOUU yeegs oi ) se OWda dUI

G |
d U3UeeeQU¢@ymﬂJUU%@eﬂqqm@ U o i s W ﬁﬂu
U
G

¥

4
Ubsigd GU(ds "0y a UvGd 0 g’ alyssitehic @t b
Gidaltegs GUds a3U UsUsaUUUsayd slishU(q
Fgsedyd Gy duodsgaswaWslUs "~ a6g U s
U eUUaUGcUUsoaY Uds "3 AROGlGgld as3Ud aUs ;d
U’esUe;isesUUe Ui e alU a&ds edi( scslipetitts sU ¥ 30U}
dU;see;U‘@Do U>G$4§@saijOhUSYUUC18U 15
g¢U GgebUUY } GdUUU yeegs GURece Ud
} dUesgddproaei oUs Ud eUavxvad Uvs dtdgayy UaGU0r:
"UyeabUaac3Usoat s U sty yaUxs. YphalsUUs
X3Si(CH2)Y, h ¥ geqsitthe U0 6d Uds “~eegdelUy o
glijeaghelUsd eeyYm®3 PgUYg) Wiide  FUp V¥

¢

1 ¥ < 34h i 267



EmikdAuyn

T DA
'hf,a \

MnTpa
i
v
I
SitCH iy
I
X3

t
Emedveia
ivag

Koohspo¥o2@WElEWalnsUo vyorgUa@seis

9 ¢ UsUsce oaUs d uUgleaUeyaU Ueg og!
Uy sGusyY(UUWhbdy Uilssede Usxlbs gt UUUs a1 3 e3Uslax
UU gUeae3eelUUU UVUas3Us s0fhUp e U gesa¥Y ol
Gge Uy sle} Y. ¢eB@Basdddmsice ®ddstiars GU0d Gi

3U U sly) Us UesaUoyd Gl Ggliosesscdesoayd
17322 KE | ?P0A) T

Bs a3Ud 23 UtGaUd Ua3UBHGEe UgypydawdyBdlg ¢
gy daai 8y04eg UaUGUsahUJUUYd, d 6 6alU ¢}

o

U sufhaUx 0i 3dUU0U¥3 gessat 3 j;dUssssed cel
ﬁgsﬁgD&sf]g’ cedeUsosoed Uge Upobegfd¥gecolssd
as3Udigeetdsdd st;UeU

A atdd, 695 qulpciwGplegd UdU) csoe UsUGU
"3y Us 3U Ggooaj; UUddUa GU ecUedoh U a U
Uy UaUdyatUssat 3 tosUGUsaed Uias GgsUsveys

¢ g Ujyece UgUe UsgiVUbatdPUscadgyUWiaiq U
0 Uc s callbdeegtfle gd UsltisUUsesocgid utUlesid @
Ysdy UsU. B 923 U0UGaUddg U eUUaU0UaUUs U K Uss
UsslGaeUye alU UzU; UYUUs UK Usd Ggasdeald

] " eUpelU Usg slGcgyei ~3e08UsUUsastesi (
GoUegeoad Yaze3U UxlbasUbaddU oghytidetbtliiMdds e UL U d
aUs 6 cUedehd Gg3UUaUGUed dUjesoaed Usl
93 UGoUsoe lU@Gges dd Ydazed aiaivel WbsdUo veslb ot 3
h- W¥dds ~ Uy UsayYUry UsoeahsU

1 6 <3501 267



Koohstly Uilidalisse UlUcece

B slaegy) hd U ehd eU0U0Uzi Uvxs UUhe vs3

Uyt U0sd aslidqoU U UsUsy UUsa¥Y gydeh ey

UG df d agDerWaals" a8 g glGatdUUUUs eUU0Uzi 2o9UsUs

sUyalleU pya& Ue ywWed ol &W@Uaeh UhdU Uigs Ui jdaegds ¢

esee Uesg UsdjUsessesUUs(d, h vd yeUs ad
UyjegloaYeUOUUs 88dgdUaeaahsU "~e8g Us

OO C S Co

LigbBuvon ivag

Kooahaspetre28®3dy UsesecslUUs(

ZUd s

Uy Uovyoe UddjjUie@ag dierd vray), aldgreod 85 @y
a3Ud “~eagUs

PANY-¢ 3 a 8 ) d o SBdlgfydf U eadU s U Uavi G U .

1 ¢ < 360 T 267



¢ “UpUoxoe 53 1 PAN) '} JUUIo0 80U d Oyl ce W st O Y U

AAPANEZ AAPANEZ
O=YTONO AEPIO AEPIO

INEZ
AKPYAIKOY
Sy E— I  — -y |
INEX ME
100-200°C 1100-1500°C 2500-3000°C — VWHAO E
OSEIAQSH TYPOAYZH TPADITIAZH

INEZ ME
YWHAO UTS

KATEPIrAZIA

Aoohspo¥opPp@EdWialnsUorvoed 9313 o) UlGalUd
9 BaUau+rdd PANGBUGe33 | BBy
200°C) , e UUgUhRhGecyaesd U
Ugdgoy} Yeeostdd Urs Uagla
1T ®gyhegdd, g’ h UYL
dUy esoy UTFAOIC. 1 B60 Uy Uohe
a3 U0d gy d e bighstidrgtbcarboefiers) o
MPa
T ¢ dyjpeUsld GUs@yyirdlddg qUBe A GUs
gydeyd dL"J;sewsE;O(IYJGCE)uL"Jg’e"(;fﬁle:lﬁDsOUUed;e@(@m@ 9
UUgUhRheyesad UsUsjygaUyvyaarxid, 8¢ uq
95 gUUsasUt 3. Bs “~U;UohpelsUd 03Ug’ ¥
g yas i ey Uy e g Utigh imOcale GathonUiteey (2 Us yecegs
UaUGUsa hUdUUGPs = W 06’&39&94‘708000;69’ il e g B U elka :
"Uy Usa¥Uy “"as3UsaU " Ujyeglsy¥YesesUUs UU Uy L
"Uy UcdUa aU btie GU%gsaqd) caleuviddd Ugwd ‘ad
gy heagtd, dyj;eUsltd U gydee dUjesgoa) UGalU

J U aUs GU cUedae
Uyeesoe UYOdd, q
¥3 Uesg "~ e6agely qi
d, G0 eguyUU} d =
U 3Whdd Rdys Waf U dfijUm s & dJC
Us d UsUecece Usgd

-

C°,Q_ -

o3
u
J
U U

XAPAKTH.PIZT-I.KA INEX YPHAHZ INEX YPHAOY METPOY

ANTOXHX EAAXTIKOTHTAX
Méipo Elaotikdtnrog (GPa) 180-230 350-420
Avtoyn og spehkooud (MPa) 2500-3400 1900-2300
% meplektikoTTa GvBpaxa 95-98 99
okvétnro. (g/em’) 1,8 1,9
Méyiot Bepuokpacia ypriong (°C) 2000 2500

KoohsHUbdABBUUEY o) UlGalUqd

1 ¥ < 37h I 267



Fde Ust 3U0Us UU UsfhasgdU:

9 EU @63UsurvUssae UUehaGUsy U, d eyoo
de YUx3 ~ UpCseclysa colbUI sU eliglfs gidi 65 0WDi =
h Usg GgadyUeg "~y Us @6 +~vOlUe al
da

U
9
G U cyeddd Udd eeU) Ud.

O, Co ¢
Comw
e’ =Y
™ Cc4Y%
CDC(GJ

G 3
U e
y U

9 Bs silishUdUUd Uvys cjydisee @socicUsn
dqeUsUsay¥Y U K Uds Uy cBANKeeUmaseibelgdygs Us:
stsYGUUUe "~ oayoeU, UjosdtusyYaUUUes ~ayoel)
UdejyaslUs oaUs Ue bUdeh UsstGeUye alUd Ux
"84 Ua 30U "eesosaeals U K Uds “~eoeyd steUy

™ O Cc Co

T ¢ L“JgaUUf]UdUU U sacgoed, U K y3U gU:
aYdU @aUUUaeg Uy Uoyoed UsdjUsesdeyYUrs
U3d;Uee3quU¥3 GoUGaey UUsoeei BHUdesgi oy U
cedeUsosoayd oUs HoguwdbdfFgomriogUdUUd,daUaUy o
UsUj Uit 3U0Us U KR Ue bUdeh o3 UGesUalUOGdqd oU

JUgasley3Ud UaszUs @85 a3
93 UGald tUsUdyUegs URGe oaUsai UUy Ud edecUss

T ¢éyoced Ue ohRGUesd “~UyUorvoed Uxs 93
UsgaYeaslGUess gydeahUUye U Us oahGUsd ~ Uy

Bs s UsUtUlteeysUd a3 Nypon ¢ segeegll sadi gdo ylk
Keviar, ¢U NeamBU0B8 “~6ogU0Uy; U ~U)¥yYoesUUs ¢U
UeoeUUsd, UsiL Usjgassa¥Y oaUs agL’JUU;ssseY
Uy stiesdlid UsUeieUUsd oaUs UGgsUsfaesgdld
Usgd U3 8 Wpay UBU ceq) g UeadfiUa®wnB8) B!
g U'fh edeUsabegUY Cdlpafdws Dy gydeed U f
Us cUegdeafh ahoUesdg ~UjyUovyoed Uesgd Usd aUd

¢ “31Ud gydeed U RAlield e6)oUssse as3U

DuPmto Us y2093U o3rvl8Ue ¢ KevidpsUsUe Ug)Yoalel Ums
Ui " egd:
T Kevlar-29:z7 U ey U} 6 Ua UGPH® B4 UdaWagc w6 00U U
3,6GPa
T Kevlar-49: zU ey U; 6 UaUlGPoadlag UWg UdeRw
Ui Ueao g GRah 3, 6

| ¥ < 38h i 267



T Kevlar-149: z U ey U3 e Ua U0 GBaschllsd UUd U cle8ed
Ui Uao g GRaf 3, 4

¢ ~ge3hUdUU oaUs Urs Ujgemy. UgUO&e) DGs:-

UaUGUsahUqUU eiGdUaal0UUs GUe oUose3fhd Udd
Usasglal¥ys, “e8g UgaysUs Uds utgtaUeyaU aU(q
"8g UescseasgdUa "~ Uy UUadUsUKeslaras bUlGsoeayd s
IAIOTHTEZ ' Kevlar 29 Kevlar 49

Métpo shactixdmrog (GPa) 60 130

Avtoyn og gpghkvoud (MPa) 2700 3600

Empixovon Bpavong (%) 4.5 2

Tokvéyro. (g/cm’) 1.45 1.45

Méywom Beppokpacia yphong (°C) 200 200

Beppokpacio aotoyiog (°C) 400 425

Koo 26t U §Yd Kevlar

Bs gydeyd Useyd UvsKevlateaWBmwada 3UEa s We Ut

s “eogelU)psoayd Uessayg’ Uselhdithqidedd dJie @ g Jgyod
Gga3UyaGadeaUUs yUlGs, 1GUU 30U Udesegy)oBi 3
UUs3saUd h ¥vd GUa30UUs GUe "~ Uy UsavyUxy Ulocecs

-CO @ ~CO-NH- ©-_\‘u-

polyiparapheny fene werphtalamide s

Koo haTHUBDAHBgWWd oy UGalUq

B ogessiljosahd Gaeshd Udd as
U guate3lUdgfaleUlVU; U gydeyd U stuhGUsd o UL
GUv¥ce Gge Uposley; ¥ aUUY Uds l°J aY; aU usU
aUUU h3dad Ue geasafh Gge Uy s y;OUUe Ua U

eUovyad Ueg UutgaUeal "@Bgl flhsljod)lj@@/e dieldd Ub e

Ud ~ Uy ssal
h

1 ¢ < 39h It 267



"eaei Ui "eg UaGUescalU. |
G Uy} 6 (o okinkbard@ayY ycUs

papun HETAPoPAg MP®MTG UANG

5/— 08ny6g VnpaTwy

ExTt6Esuon aspiou

L AgEapevn

Yypo KGAANOTS

NApara -

L] va apapdiou
(15 AvTAia " oBnYeg

-
‘ AsEauEVﬁ uypou o)

Q\J @ Topnavo nepieAifewg ivag

MéBsdor mapaymyng: ExBoAf (extrusion) 1 mepidivnon (spinning).

Aedwcacio: O&wo dtdivpo molvpepods vrmoPdiletor oe exBoin
péc® Oeppovopevoy KOAODIOD TOL  PEPEL TOAAEG
pikpég oméc v tr dievkoiuvvon TG e£afpmoTng Tov
daAvTn.

H avroyn xai n akapyio Tov mpoiéviog Peitidvovion pe cOYYPOVT]

smPorn fxtaorg (stretching).

Koohasgytisliecd Uy Uovyoed )y Uessliasg

17347 K¢ ) sSStTAKE L?KE

PoYliey U ey UUaaR) ,f Usd MBég idgossdc(\) ¢ af ) Y.
“jee i G Us 3 U U’eUUa»yuegsuguadLyaquUngé}eewas
UyeglisYeaegs gydae Usee UsUeyaUd GU Goc
eDsyoU) g bhype daosWehd@dsd Ug=maiaff Uds U
sadds.gt@®U) Raele UhlUlys seyd Uy Uoxvoed eU0U0UU
3Uscgaegdsei s 3U "UjyUeysegs “e6ai UU Usd}

M

C &

Fee Uy U 63y dqisee 6856i3UUs Uie UUecssoayd
9 J3Uovyoe U R Oegwmegaltse Usg

j adoe3ailisc Us gBCh)e )Wy (Wilys el vfg gl 60 H:
dYaUee gydeed dUGp)sea;Ulsuong’eU(aﬂlJ(DJ(DJs Vv,
beal) Usaasg, -lbanje yAUvedg @10a 3 UUUs G Ue UGG es
UsYe 00;39{ Uv s 3’&;000&]98&"1233?300[983L00G3Q@09 ag

3

em, U s as3Ud " UjeglsayYesasags UzUs) UUsoe

1 ¢ <400 T 267



Hy HCI BCl;+H, HCI BCl;+H,+CHy
lvidio W l

b Lt —
J_r- -._Lr:ll_r- '-Ll_ :J'I__—I'LWL I B‘lBC

KAGAPIZMOZ AMNOOEZH B ANMOGEZH B4Cs AU

Koohsbyticad ~UjUovyoed U UsUoxvyoe U f Us

9 3 hdUGd eUDUUc3soae®
g bhyoe U 6 UadUblse (i W esaesegy ek dlidsa U Uec
UsU RdUOGdqEgVDU.Ue¢s UUc3soae UgUe UaszUs (
"1686doei elU3q,eyl@syY clle daohUU; d edqeUssoee Us

Bs a3Ud bejasg ycaegBE=30§426GPgUTStBe00y@ae U
MPa , UB3aewep Urs slisceUeUxvys Usgd ®WasUldPe e

o

cyeldd Uegd U gydehUU; Ud dUpesoay} UlaU
"3 6860UU0UUgUsafh U atGUy vye Borsid); Bodia@gsliagg |
gU U s0U;p 1000 Wg s Udtig Wy Cddguay clggas ol g e ¢ U

eelU; Ugyda#y)d dUj esoay} UGalUd, ogjavygUlBadgs.
Ussegessasgq M@%@QJ&NUQ’J&;E&" s ¥ P BDJ deass Ug
UsUsutuy YaUsd aU aU0U; U¥Y aLUﬁlJ?‘euuUeU]quiomgUgeuqul

e UUUaas01 3 Uzt GU¥s aUs UGUsecaU Ueg Ggsd
1735TAN] 2t TAE t92KE

Bs oaUjUegsoayd a3U0d 6y} dbs
j Uy UsaUdyaeeslUUs U gydee UsUsce, a U
GgsddyayUddgsle e " eagi U Og’ seayd as3Ud
(Si) aUs Ueab@e,o slizsig
o Uza0:..

¢ oUjbalse SiCpg aUgsd@eag,a( UasUs Ugsl
G} dqloea alUmdedilbog Usgdh goseh UBWHOU ¢80 UQd ¢
igeaslaySiC WBos quiBBaldsesasgs gydeyd Useyd Us U
stishUqUUd U UU GgeesalusU. Bs eydslass
"Uy Ua¥yU~x

T zU ecdesoeoe UsUCWHUkhprypPEsi sead C9aU:
Yady UsaU. Bs "~ Uy UofRelUsUd o2Pmie¥Yse@arUQgy
UsYe UUlBel 00

Cow
G
&

&
8
T
@
@)

C

w

C

—

1 5 < 4lh i 267



1T 1 h "~ eoge Wcamyd a3Ud (

UyjyeUsiad GU oaUsh «COUdUOPERSPOGOE3 850 a¢
Ush;oSlﬂ:s,e Ust dyjeUstd U gyde®@UUj ¢dcallpgs
a4 gl ¢

GUYoowilLd H4 HU; UoheUsUd -bBdld ycaegs U:

T ¢ 963AW0f Goesh J gesasi.
B Gaeshd Ueg 1 g9k Uy Ugbxyedsl ¥ 168y =a d
900°Ce tido §ahéaUsexll UaUi dUlys evbady dUssbiklig ¢ € U U

GU dUjecoy B0O0aWs ~ABOO0OU; sbYaass Ust Usg e
GcedeUBBBOeh Uy UoheUsass Uy o elastblgp eygesanyss0 i o

U UayYUy " UjegloYedllduWd o )} allseBaU ¥ 3

eydaela
M<60d0¢

\ CVD Nicalon Tpyyiteg

Idw6tyTa

[Mokvétto, p (g/cm’) 3.3 2.6 -

Avtoyn, UTS (MPa) 3500 2000 7000

Métpo shaotikdtnrag, E (GPa) 430 180 480

Aduetpog ivag, d (um) 140 15 <1

AKoohsBUudhBQUUY 9313 U uslUlGe) UUsose &y

C(

GUsosaY 689 eydailices ~ Uy UGalUged Uxs oaUy
geSIC Uy egloayYesUs GUUdUje edoec@CssvsalUldda
eyoo0U0d U aU; U0 Ue dUjesoj UlaU«Ccy) effodyg Ud
GdeUsUssed U) UGUsahUdqUUG Usg “~¥Y3xy U [ U
Bs ©8360a) gtiUUaasaNg0Os) asllgUe ¥ &hp grepass@isgo
UzUsj UUsoayd edeUsosayagloaid hWiqldd WHa rve d
GUUdU; RUqQUU Ux3s edeUssoait 3 Usgd °c@usBdel
ee360o)jgllUUsasayd a3Ud UesgeasUd UaszUs

o

Gdey ¥Yd "6g sudoUa UUei UUUU G0 UGUsGcaU.
17.36¢ At | t @KHIBKERS)

Bs UyscasUyd UasUs 3deUUsosasa €839} il
YoUUed eUUYaasg 00U Uz Uorvosee UUehaGUSs|
GgadealUd dUjeeso) UlaUd. ¢ Uanre U8 cgs Usygdc
e 63 Ua 30U GUWGBBE UFU 0dJ¥) sdJY esgaisYeaagsas Usc
UyaUseg oaj3gaU¥eaasg. Bs UsyUU;sayd Uesgd
st 30d GgoeysUyvyadd UYaUrs.

| ¥ < 42h i 267



Bs Ug;iUU3J U cydisee 6o96ielUszess UyscalU
Usg “"g)pUeeglU bis 39Ujaltse Usg "~ gy} sUa
bseedeUssosae saaacelUalU Uas3Us Ui tGeesad. EUs
Uj 9 6 9 (BiCas UAd,0H

IAIOTHTA SiCmna SiCrprximis ALOs Nva AbLOjs rpxars

Métpo shaotikotnrag (GPA) 480 840 500 755

Avtoyh ot epehivopd (MPA) 2300 21000 2000 19500

TMokvdtnro (g/en’) 3,2 3,2 4,0 4,0

Méyiotn Osppokpocio. ypriong ( °C) 900 1600 800 1300

Koohsbidsh8HUUd o313 U SicC aUs Al 2

1737t 2 AE UIELTq? BAITEq? UYBAQ?

o

OUU0Y 63 gaUY "6g bjratess3lUUs aU 931 i
ayl0ega (Gddsfh UsslGegUsafh geoasah, Us
ee 6961 eU3U UyUessU @6)golnica.UaszUs a

a3U0d UesyvsUsg U cllismic)BdodigU, fHib0:¢
~10nm, aUs yeegas medftGal0Ugpeoac@nd UPpm Udl}Ye i 3

} dioseas 8addei 3 ¢ y¥@) a6 dUUs ade } eUdicalils 9500e0 U
Ust 30UUs Gde U3 UsGBdarUU g cUckdr Ug 38U ) o UdRE» B |
3t d edeUssoe UsUesce GPd e BUddealls d ¥ B
Uedecsci Usg oahtUesgd ) dqlses 8sUalUs Ugy
Bs eUjeUjgoald Usessgs GUds oaU0Udoa}
Uy UaUd)asceaslUlisslich BYalU4 scyjasesUUs I
jlie (Ggeastars, UU 6 6alU e6jydliscs 69681 3
a9906i. ¢ UsUsce GU UGUas tybae(fU yea Uesy W) ai gsalb
31 dfPepdsesit 3 GUsd Yoy t&d Ogsedlyseposlaagsgd
agelUas3e3UUs (Gdavwra  @eosaeaerl) 80WaUGUsahUdUL
UasUs ~ UgPap'Usg d250 a3 figdrfUU Uegd 2, 8

O Cc

U
] 9

> @ =
LDCOCQH—

(ep)

O Co™

Cc@ ™ ©

1 ¢ <430 T 267



1738F3UTALEY¢ A?LFEj I@gLTq? L2297

ﬁmﬁmm 7 ST S
\ o = .
ehactdmrag & o " Keviar 49 o .
a0 A@'\' ° 9&37“ I e ° T40Graphite
& g
& = _ & oaifiem
5\ é azf o Kevlar29
—_ 53 =z THR Graphite
g Y S WE SGlas @
2 i . P12 Graphite
§ g 15 Nicalon 4 Boron .
)
a £ E-Glass
§ b U
o SiC-CVD
% sp Stee .
S e ®  Alumina
L f 1 CAR AT R R S i
b 0 10 20 30 40

Fbuci) axcopyiee | 10* MPasigiem® 1|

Koofhagqdl. B8d Uds Ustusee UsUsce oalUs Usi

Tva. Tmax (C)
Spectra 150
Kevlar 250

Glass 800

SiC 1000

Alumina 1370
Carbon 2000*

* Tlapovoio. 0&vy6vo: Tmax=500 °C

Ahss U dd 333 6d Uds dUjesse UgaUydUsU

Tva Hapapdépowen Bpadorng
(%)
Kevlar 3-4
Glass 2
Carbon 1
Ceramic <1

Koohagqdl.  psed Uds ~ Uy Uehyldrad dy Ui Gdc

18¥BTITqmp¢ EFEIP2UKE] 3Ist7T

gU oooaL Ud 1WA KL Uglessa s UUs U” f G o i
G0 GeeeU ofoaoscg, aY 896g o90GQg} 61 aUs
UsUG UyeysU eyaU aUd eeU; U d 6 6alU UasU
3U UasUs eU0UUUsa206a ®© ed, h yvdY¥ Uyedqgg
g suUyaGUU; Ud edqeUssayd stushUqUUd aU Goecy

1 ¥ < 44h I 267



GvreUUsutaxrys GUd e€deUssosae Gge Upslasy ¥ Usg
531 3. O30 GdeUsUsoeaf 931y 90ePUabyibs ads omlre
Ggsedgd3lhlliddi U G¥s@gbadgssitatilUs Uy aUUyd oU
UgUY UU gesa¥Y. qd "~ j31U0Ud iad GUU os6aaLl
GglsayY 63galUY R ¥vd 6 UYaoadd, Uzt d usUl
UaszUs GcUUssay¥ U eoe WBIU®3 hgUsed U ®4iq sy 4

Uy Uoroe “18yhsUrs. TeoaoalLld geoesaY 6)d
U UsUetdUx3s f vd Uz Ggeladgys Wasdy deelljEs el
YooaU. Bo sgflueasl clasUe egUbdasdeilddiey 3
OU usUGhHy¥3s Ui ¥3 eeUpUd. Bs Us¥Ylsyaes
3U U sUUgedei 3, UsUlGyyesUUs ~UyUayYUxy. O
tgsUUesi d GgslugUlGesi d:

1. 3Josoa¥Y ed eUUUsaso06i UoosalUalelUUsd

ge @©deosleysase Uoag) f

U U sUUaUa U
UyUesoseg gosoeasi. €6 Uoaglh U

" U0aUa UU:

OU y3U eUaoeU UlseysUasg oaU 3Uyei, Us
Goaoadyi3aUs ¢ UsUcceaWegUalogPaaiye OUgdgdU
A atdd Gesi tdlUd e€d eUUUaas0a1 3 gasal 3, A
U eaUUaylaegs Ue ossoasatLUUd yooealUstelU e5U0d
2. 3osa¥ cUUUsoas06i UososalaleUUed UsUF
Os3U U3 8afdy & uUsoelU UyUssesg gaoc
cUaoasi eylGU GU U esaUsilisae } dUas d, e
UorosehUqUU UglUed. A atGdd Uas UsUsalgaesie do
g h eeyle GoegiuUd. FKFoce Hhdgsdlddg s Webkda dg
ideosesgjoalU Ushd goasoai OU pUaUsseys Cedy
UaUGUsahUdqUUG, HKyose usUyjyeed), d Uisdad
aUdi d aUs d e€Uaxrld Ueg GgsUUaUGUe dUj es

AoofhsUBaeadba¥5c¢UUUaas06i UoealateUUsd UsURd

1 6 < 45h T 267



3. 3Josa¥ eUUUosoas06i UooalUaleUUsd Us UH

Os3U " Uy YuUsoeU gessaasi UgUed Udd ol
e 6YoaghU “"8g " Ujsycegs oha:dasadrsec fpadgdbeilid
"0y U Y3y gosBYuiBaddUPpr¥lieda¥ecdhg UedgdgUasUs
cyLese, Ue baealy Yg o dsos Balisd gdbg@alg bdil] o390
“"Uy obYaagalefgeU albg Wmw e Ud seti safy B BUYG 6 UO6E-§ &
Us ©o6oeat0Ud yooaUsibU &szeal tU0¥gbs¥se
Gge Upstasy ¥y G0 dUfsde; O0llatdhU0®) gb¥ahae3ag
hoaosea GUd dUj eiesediwitblls UglleY oadsaU o Us a3
Usg Ui dy UgaUesg UosalUateUUas(.

4, Jasa¥ ed eUUUasa29068i UosalatelUsd

zd eUUUsaa90Y gosa¥ ¢ 636i3 30 6 dd0
€

UooealUateUUsd eyaU U eUUUaas0ce® el U.
aUj UegeyU@BoadlU; UceeylUUaalU ¢ 636i3 30 U
yooaUsleU.

g 31 Us BGAGdEebgdUesalU U ohoasaaeg

eUU0Y¥oaa8g eyaU 00 000 Ueocame cjediysle 8 69 a i
Uy oUaUarys aUs U UGU} ceygyd dpdaadidg) ad
UaszUs GdeUsUsasace.

ge UUi U0y a6 allniilbeds eUralBUbear Wk U o hooag
eUU0Yaa8g eylGU U Qlbaoasbhe =®jUndiise Usg
eeUj U oaebUaUaesg 6J duscea, Ul Ua BUeU:edld Ydass
UsUsce GU(ds 63“00[]'){‘&(1 aUs GUd Us¥Yby vad,
"Uy U aelsas eU .UgUhlh UyeGgUssYLelﬁgcxbsuws sy BY¥a a d
cyeadUsd G0 bUabatUd o.U0U. K a o[g’ Us aUy b
a8 bUpUampedlioces 8sUalUUs Gges¥Y GU UGUyecgoy
GUoYley U ey d GUjebosasedaecUst 3. ¢gyoaascd UU
gy dsoseeid UsUstuj UtUey Ud aUs oaUi GsceU.

g¢U 26001 ld Gi3dUUU goesayY Ui 3U0UB4Adml U
Urs ohoeovrs vd Used:

U Usalegidd GreUUstaxvs ¢Uo
UoU ycemalUaosvYdPbyeceadbas
eUoUeai UUye Usg 25%. ¢ UGgseddd oaUU6- hooa
90%.

1 6 < 46h T 267



2. Bi3dOUU U UVeawédogddaoazsoanlUs3tiosall a6y ¥

gU UooalUalelUUU, “"@6g UGgsedyd 4} Ral

i 3d0Ues GU GgoaUs3Ujit0Usd €903 UV Ud Uec

GyeUUslars 'ec—r@aomUss;zf ed)Udg)i 6 0g DdLdid Udd e

eU UdpUe RAusad Udd eUU0Uyuetadd Uvrs tUsUUU, L
19F @ Nqz) gt 7] EIPUAE)] IstT]

g¢U ~egoi (atipaUUe GU} vye UUso iU RYVdBOE o
oaUUdoeyaU GisdUOUx¥3s gesat 3 0Uds e eaU UU
g h elg @i « GU¥3 oaUs l’jiaavs. moYliey U gosoe
3U U sgUUeaylegs Usd aUppiyU)psd dagUpigsdyl
gaoi 00Uy vy gasaa¥) ¢U G+3dUUU UgUei Uesg (
stishUqUUOJ, h vd uguaUeyal, UsUsace, Us (
UsegtUsese oaUs dUjesoe eharlid o. U.

Bs U seyyaegd GU} U HUsags O eglyldoese g Wjlim & cU
UaU0 Us acHiIEFBd0de e U y3U “acdladldlgavidd UssathU ha
20 “@6ieU Uut. RHUs 65 a3Ud Uxrs GUGsklry:
"3 e0U3UUgasley3Ud f vd GUdaOEL Wkdaxs el
Usd edeUssoayd siiasp@d@Ud sUgg i gaiddedi. G 3 U
Ggsedyd, ~UjysalUeb¥szaegas o923 UGalUd, ogUaa,
GgatilUOUsa¥ goasa¥Y Uas Us U eaUstosayd 4 dU
d UassgeasU. KA al0dd Uss ol ey Usg ¢ ) iUy B0
stisfhUqUUd GU ey deot3sUd aUUUgdistUsd) e
GUe UooayYylesse U a Uue). qtURGe s U seyy
UsslGhUye Ud (U0 eU0UU0UDb aales Bellinis )d,g 3didd G
sthU); e Ud osuohéfegooa¥ UUa¥de UUU UceidUsac

U'h Uds oaU00Uidgsid) U hoay s

"Uyo963a663U0U0s GU steUje sse (aUe Usoe)

gU o09g)ohtt) UDcBaitidy ¥Uxs Gi 3adUOU¥3 gosal 3

(<]

-
w
C
w
«
“—
C
Q
C
Q

1. ¢U tGoeyUUaaU

2. U0 U 9egUUUsoavyey3U eyUUaaU

3. ¢iUasd UGGUaUaUd

4, ¢U gesea¥Y OU U aGUy vlid aUGUs oai

1 ¥ < 47h T 267



Catbon epoxy laminated composites
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0,10| 0.0031644
0,20| 0.0112512
0,30| 0.0221508
0,40| 0.0337536
0,50| 0.0439500
0,60| 0.0506304
0,65| 0.0519929
0,70| 0.0516852
0,80| 0.0450048
0,90| 0.0284796
Yas U Ud
i1 ddesesg 891 30Ud ULy U, Usd GeyaUsd (3.
(3.2.2), (3.2.3), (3.2.4),u,08) 2ap,UsUs.
bg 826o2as683UUs 65 UsaUasUd 995U fHaUd Ueg
"UyegloayYecaUUsobboBgOeo¥ UalUae UllyyeagelU f
UoosalUsleyYUys dUx; UaUUm oaplilUaUs othallly GtUs
thaUs anmid U 6¢
U, U, Lem) | T, em) | Fz(em) | I, em) | s (em) | FgEm) | Iy (em)
0.10 | 0.0031644| 6 | 6.08725| 25.19640 | 25.21732 | 27.90803| 27.97228 42.42641
0.20 | 0.0112512| 6 | 6.14313 | 16.77585 | 16.82757 | 20.62594] 20.78710] 30.000@
0.30 | 0.0221508| 6 | 6.16860 | 12.79138 | 12.87133 | 17.53908] 17.80089 24.4949
0.40 | 0.0337536] 6 | 6.16350 | 10.23302 | 10.32973 | 15.77069] 16.12570] 21.21320
0.50 | 0.0439500| 6 | 6.12651 | 8.32807 | 8.42056 | 14.60725| 15.04195| 18.97367
0.60 | 0.0506304| 6 | 6.05498 | 6.76829 | 6.81707 | 13.77714] 14.27435| 17.32051
0.65 | 0.0519929| 6 | 6.00500 | 6.06197 | 6.06601 | 13.44423| 13.96547| 16.64101
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3 m,1
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ZUe=r, : E()=E,, G(r)=G, 8 Owr)=v, (4.1.2
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ZUe=r, : E(=E,,G()=G, 8 Osr)=v, (4.1.9
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_il:( ml e . +n,) (4.1.1.12)
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TidsU Uds uU0i U0y d UsusyvyelOGd dGYOd:

- (5E,r,+3E.r, Enr, 3E.NI)

_ 41.1.13
2 6(r4+r3) ( )

_ 56 r+3G.r, .nr, I.nr

G|2:( mls mia 3¢l i) (4.1.1.14)
' 6(r, +r,)

M r.+3 + 3 nn
72=( s 34, + 4wy 3 n,) (4.1.1.15)
’ 6(r, +r5)

TidsU Uds UyaUd UsusyeUOOGd dGYOd:

E :(3Emr5+5Emr6 £E.nr, E.nry)

- 4.1.1.16

° 615 +15) ( )

- 3G, +5G. . 85.nr, & .nr
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FUds Odalyae@di®yesegelU GU e6)le ~93Yor:
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19X30aUegU00d

ogydd

ZAENB Ks | EEt TBdPH ) E A (

U, n=0,2 n=0,4 n=0,6 n=0,8 n=1
0,10 6.9874 11.6372 | 16.2870 |20.9368 | 25.5867
0,20 6.9794 11.6185 |16.2577 |20.8969 |25.5360
0,30 6.9758 11.6101 |16.2444 |20.8788 |25.5131
0,40 6.9765 11.6118 |16.2471 |20.8824 |25.5177
0,50 6.9817 11.6241 |16.2664 |20.9087 |25.5510
0,60 6.9920 11.6480 |16.3041 |20.9601 |25.6161
0,65 6.9993 11.6650 |16.3307 |20.9964 | 25.6621

basUaslgd1

ZAENB ot | ¢ 7G(ERAF

U, n=0,2 n=0,4 n=0,6 n=0,8 n=1
0,10 2.8543 4.8471 6.8399 8.8327 10.8255
0,20 2.8507 4.8390 6.8272 8.8154 10.8036
0,30 2.849 4.8353 6.8214 8.8076 10.7937
0,40 2.8494 4.8360 6.8226 8.8091 10.7957
0,50 2.8518 4.8414 6.8309 8.8205 10.8101
0,60 2.8564 4.8519 6.8473 8.8427 10.8382
0,65 2.8597 4.8593 6.8588 8.8584 10.8580

YasUaldd GU

B i BFOISSON (v

U, n=0,2 n=0,4 n=0,6 n=0,8 n=1
0,10 0.2470 0.2603 0.2736 0.2869 0.3002
0,20 0.2473 0.2605 0.2738 0.2870 0.3003
0,30 0.2474 0.2606 0.2739 0.2871 0.3003
0,40 0.2474 0.2606 0.2738 0.2871 0.3003
0,50 0.2472 0.2605 0.2737 0.2870 0.3003
0,60 0.2469 0.2602 0.2735 0.2868 0.3001
0,65 0.2467 0.2600 § 0.2733 0.2867 0.3000

YasUaBd aU
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29X3tuaUe U0l (

uyYdd

ZAENB Ks | EEt TBdPH ) E A (

U, n=0,2 n=0,4 n=0,6 n=0,8 n=1
0,10 7.0007 11.6684 | 16.3360 | 21.0036 | 25.6713
0,20 7.0027 11.6730 | 16.3432 | 21.0135 | 25.6837
0,30 7.0055 11.6794 | 16.3533 | 21.0273 | 25.7012
0,40 7.0082 11.6859 | 16.3635 | 21.0412 | 25.7188
0,50 7.0096 11.6890 | 16.3684 | 21.0478 | 25.7273
0,60 7.0063 11.6813 | 16.3564 | 21.0314 | 25.7065
0,65 7.0007 11.6683 | 16.3359 | 21.0036 | 25.6712
a3 Ualud 6
ZAENB ot | ¢ ZG(ERAF
U, n=0,2 n=0,4 n=0,6 n=0,8 n=1
0,10 2.8603 4.8607 6.8612 8.8616 | 10.8620
0,20 2.8612 4.8627 6.8643 8.8658 | 10.8674
0,30 2.8624 4.8656 6.8687 8.8718 | 10.8749
0,40 2.8637 4.8684 6.8731 8.8778 | 10.8825
0,50 2.8643 4.8698 6.8752 8.8807 | 10.8862
0,60 2.8628 4.8664 6.8700 8.8736 | 10.8772
0,65 2.8603 4.8607 6.8611 8.8615 | 10.8619
a3z Ua2ld 6
B{iB ISSON (v
U, n=0,2 n=0,4 n=0,6 n=0,8 n=1
0,10 0.2466 0.2600 0.2733 0.2867 0.3000
0,20 0.2466 0.2599 0.2733 0.2866 0.3000
0,30 0.2465 0.2599 0.2732 0.2866 0.2999
0,40 0.2464 0.2598 0.2732 0.2865 0.2999
0,50 0.2464 0.2598 0.2731 0.2865 0.2999
0,60 0.2465 0.2598 0.2732 0.2866 0.2999
0,65 0.2466 0.2600 0.2733 0.2867 0.3000
Bas3 Ualdud 6
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ZAENBs | FEet TBE ¢ dGPH KA

A3 UaUesUG(

o

uyYdd

(

U, n=0,2 n=0,4 n=0,6 n=0,8 n=1
0,10 6.9980 11.6620 | 16.3260 |20.9899 | 25.6539
0,20 6.9932 11.6508 |16.3084 |20.9660 |25.6235
0,30 6.9870 11.6364 | 16.2858 |20.9352 | 25.5846
0,40 6.9805 11.6212 | 16.2619 |20.9026 | 25.5433
0,50 6.9743 11.6068 |16.2393 |20.8717 | 25.5042
0,60 6.9690 11.5943 | 16.2196 |20.8449 | 25.4702
0,65 6.9667 11.5890 |16.2113 |20.8336 | 25.4559
as Uallud d
ZAENB ot | ¢ ZG(ERAF
U, n=0,2 n=0,4 n=0,6 n=0,8 n=1
0,10 2.8591 4.8579 6.8568 8.8556 10.8545
0,20 2.8569 4.8531 6.8492 8.8453 10.8414
0,30 2.8542 4.8468 6.8394 8.8320 10.8246
0,40 2.8513 4.8401 6.8290 8.8179 10.8067
0,50 2.8485 4.8338 6.8192 8.8045 10.7898
0,60 2.8461 4.8284 6.8106 8.7929 10.7752
0,65 2.8451 4.8261 6.8070 8.7880 10.7690
bas Uadld d
B {0 BIFOISSON (v
U, n=0,2 n=0,4 n=0,6 n=0,8 n=1
0,10 0.2467 0.2601 0.2734 0.2867 0.3000
0,20 0.2469 0.2602 0.2735 0.2868 0.3001
0,30 0.2470 0.2603 0.2736 0.2869 0.3002
0,40 0.2472 0.2605 0.2738 0.2870 0.3003
0,50 0.2474 0.2607 0.2739 0.2871 0.3004
0,60 0.2476 0.2608 0.2740 0.2872 0.3004
0,65 0.2476 0.2609 0.2741 0.2873 0.3005
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E(Gpa

zy Uy 8 AKaUl U&KsHGArE Wd dig

UYigdgdsByYpBbeasah

zy Uy s

KaoUl UMb

@ W d1gGPa) Y

r (m | n=0,2 n=0,4 n=0,6
6.0000| 14.0000| 28.0000| 42.0000

n=0,8 n=1
56.0000| 70.0000

6.0005| 12.0050| 23.3450| 34.6850| 46.0250| 57.3650

6.0010| 10.2200| 19.1800| 28.1400| 37.1000| 46.0600

6.0015| 8.6450 | 15.5050| 22.3650| 29.2250| 36.0850

6.0020| 7.2800 | 12.3200| 17.3600| 22.4000| 27.4400

6.0025| 6.1250 | 9.6250 | 13.1250| 16.6250| 20.1250

6.0030| 5.1800 | 7.4200 | 9.6600 | 11.9000| 14.1400

6.0035| 4.4450 | 5.7050 | 6.9650 | 8.2250 | 9.4850

6.0040| 3.9200 | 4.4800 | 5.0400 | 5.6000 | 6.1600

6.0045| 3.6050 | 3.7450 | 3.8850 | 4.0250 | 4.1650

6.0050| 3.5000 | 3.5000 | 3.5000 | 3.5000 | 3.5000
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zy U8 AKaUl U&KsHGArE Wd d2f
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zy Uy s

Ao Ul UsfiBari Wd dag GPa)Y

r(em)

n=0,2

n=0,4

n=0,6

n=0,8

n=1

6.0620

3.5000

3.5000

3.5000

3.5000

3.5000

6.0625

3.6050

3.7450

3.8850

4.0250

4.1650

6.0630

3.9200

4.4800

5.0400

5.6000

6.1600

6.0635

4.4450

5.7050

6.9650

8.2250

9.4850

6.0639

5.1800

7.4200

9.6600

11.9000

14.1400

6.0644

6.1250

9.6250

13.1250

16.6250

20.1250

6.0649

7.2800

12.3200

17.3600

22.4000

27.4400

6.0654

8.6450

15.5050

22.3650

29.2250

36.0850

6.0659

10.2200

19.1800

28.1400

37.1000

46.0600

6.0664

12.0050

23.3450

34.6850

46.0250

57.3650

6.0669

14.0000

28.0000

42.0000

56.0000

70.0000
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Ao UG U8z HiGbdr@ Wd d3GPa) ¥

r_(m

n=0,2

n=0,4

n=0,6

n=0,8

n=1

13.4442

14.0000

28.0000

42.0000

56.0000

70.0000

13.4964

12.0050

23.3450

34.6850

46.0250

57.3650

13.5485

10.2200

19.1800

28.1400

37.1000

46.0600

13.6006

8.6450

15.5050

22.3650

29.2250

36.0850

13.6527

7.2800

12.3200

17.3600

22.4000

27.4400

13.7048

6.1250

9.6250

13.1250

16.6250

20.1250

13.7570

5.1800

7.4200

9.6600

11.9000

14.1400

13.8091

4.4450

5.7050

6.9650

8.2250

9.4850

13.8612

3.9200

4.4800

5.0400

5.6000

6.1600

13.9133

3.6050

3.7450

3.8850

4.0250

4.1650

13.9655

3.5000

3.5000

3.5000

3.5000

3.5000
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r_(m

n=0,2

n=0,4

n=0,6

n=0,8

n=1

6.0000

6.0000

12.0000

18.0000

24.0000

30.0000

6.0005

5.1051

9.9651

14.8251

19.6851

24.5451

6.0010

4.3044

8.1444

11.9844

15.8244

19.6644

6.0015

3.5979

6.5379

9.4779

12.4179

15.3579

6.0020

2.9856

5.1456

7.3056

9.4656

11.6256

6.0025

2.4675

3.9675

5.4675

6.9675

8.4675

6.0030

2.0436

3.0036

3.9636

4.9236

5.8836

6.0035

1.7139

2.2539

2.7939

3.3339

3.8739

6.0040

1.4784

1.7184

1.9584

2.1984

2.4384

6.0045

1.3371

1.3971

1.4571

1.5171

1.5771

6.0050

1.2900

1.2900

1.2900

1.2900

1.2900
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r(em)

n=0,2

n=0,4

n=0,6

n=0,8

n=1

6.0620

1.2900

1.2900

1.2900

1.2900

1.2900

6.0625

1.3371

1.3971

1.4571

1.5171

1.5771

6.0630

1.4784

1.7184

1.9584

2.1984

2.4384

6.0635

1.7139

2.2539

2.7939

3.3339

3.8739

6.0639

2.0436

3.0036

3.9636

4.9236

5.8836

6.0644

2.4675

3.9675

5.4675

6.9675

8.4675

6.0649

2.9856

5.1456

7.3056

9.4656

11.6256

6.0654

3.5979

6.5379

9.4779

12.4179

15.3579

6.0659

4.3044

8.1444

11.9844

15.8244

19.6644

6.0664

5.1051

9.9651

14.8251

19.6851

24.5451

6.0669

6.0000

12.0000

18.0000

24.0000

30.0000

Yas UUd

Mérpo Aiatunong 2ng Evdiapusong ®aong

iOYyigdgds B¥Ypbbeasoh

T

T

T

T

T

]

— —%—-n=0.2
#- - n=0.4
n=0.6
*—-n=0.8
— —¥—-n=1
%
ok
__..g—'fjﬁ ..:3F G i

| 1

%,
¥ K
W
%/
* - i
i
3 /-K
S L
A+ 2
* e e T
+»__~+ +>___-+_¢-—-‘“'*'
i s A D
+ —

I |

r(um)

KosahsU 4.

18 < 94h i 267

5i,p9Y0) UeselU G




zy Uy e
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G8vgu6dd

Y

Uy s

s YHsdiledre U dG{GPa) Y ¢

r_(m

n=0,2

n=0,4

n=0,6

n=0,8

n=1

13.4442

6.0000

12.0000

18.0000

24.0000

30.0000

13.4964

5.1051

9.9651

14.8251

19.6851

24.5451

13.5485

4.3044

8.1444

11.9844

15.8244

19.6644

13.6006

3.5979

6.5379

9.4779

12.4179

15.3579

13.6527

2.9856

5.1456

7.3056

9.4656

11.6256

13.7048

2.4675

3.9675

5.4675

6.9675

8.4675

13.7570

2.0436

3.0036

3.9636

4.9236

5.8836

13.8091

1.7139

2.2539

2.7939

3.3339

3.8739

13.8612

1.4784

1.7184

1.9584

2.1984

2.4384

13.9133

1.3371

1.3971

1.4571

1.5171

1.5771

13.9655

1.2900

1.2900

1.2900

1.2900

1.2900
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s hoRofsonl?K3lisYe Uldd uYlaqaesWypedbsasah

shoed Poisson (3) 14dg¢
r(em) | n=0,2 | n=0,4 | n=0,6 | Nn=0,8 | n=1
6.0000| 0.0400| 0.0800| 0.1200| 0.1600| 0.2000

6.0005| 0.0989| 0.1313| 0.1200| 0.1961| 0.2285

6.0010| 0.1516| 0.1772| 0.1637| 0.2284| 0.2540

6.0015| 0.1981| 0.2177| 0.2028| 0.2569| 0.2765

6.0020| 0.2384| 0.2528| 0.2373| 0.2816| 0.2960

6.0025| 0.2725| 0.2825| 0.2672| 0.3025| 0.3125

6.0030| 0.3004| 0.3068| 0.2925| 0.3196| 0.3260

6.0035| 0.3221| 0.3257| 0.3132| 0.3329| 0.3365

6.0040| 0.3376| 0.3392| 0.3293| 0.3424| 0.3440

6.0045| 0.3469| 0.3473| 0.3408| 0.3481| 0.3485

6.0050| 0.3500| 0.3500| 0.3477| 0.3500| 0.3500

Yas UalUd s U

Aoyog Poisson 1n¢g Evdiapueong ®aong
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shoRofson2dK 3 isayYye Uldd aYlgddsByYpBbheasah

shoed Poisson (3) 2dg
r (m | n=0,2 | n=0,4 | n=0,6 | Nn=0,8 | n=1
6.0620| 0.3500| 0.3500| 0.3500| 0.3500| 0.3500

6.0625| 0.3469| 0.3473| 0.3477| 0.3481| 0.3485

6.0630| 0.3376| 0.3392| 0.3408| 0.3424| 0.3440

6.0635| 0.3221| 0.3257| 0.3293| 0.3329| 0.3365

6.0639| 0.3004| 0.3068| 0.3132| 0.3196| 0.3260

6.0644| 0.2725| 0.2825| 0.2925| 0.3025| 0.3125

6.0649| 0.2384| 0.2528| 0.2672| 0.2816| 0.2960

6.0654| 0.1981| 0.2177| 0.2373| 0.2569| 0.2765

6.0659| 0.1516| 0.1772| 0.2028| 0.2284| 0.2540

6.0664| 0.0989| 0.1313| 0.1637| 0.1961| 0.2285

6.0669| 0.0400| 0.0800| 0.1200| 0.1600| 0.2000

Yas Usld

Aoyog Poisson 2n¢g Evaiapueong ®aong
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s i o Boison31 9% 3 Ui o Y e UG dodU j iUvblegedosalhy o 6

shoed Poisson (3) 3dd
r (m | n=0,2 | n=0,4 | n=0,6 | n=0,8 | n=1
13.4442| 0.0400| 0.0800| 0.1200| 0.1600| 0.2000

13.4964| 0.0989| 0.1313| 0.1637| 0.1961| 0.2285

13.5485| 0.1516| 0.1772| 0.2028| 0.2284| 0.2540

13.6006| 0.1981| 0.2177| 0.2373| 0.2569| 0.2765

13.6527| 0.2384| 0.2528| 0.2672| 0.2816| 0.2960

13.7048| 0.2725| 0.2825| 0.2925| 0.3025| 0.3125

13.7570| 0.3004| 0.3068| 0.3132| 0.3196| 0.3260

13.8091| 0.3221| 0.3257| 0.3293| 0.3329| 0.3365

13.8612| 0.3376| 0.3392| 0.3408| 0.3424| 0.3440

13.9133| 0.3469| 0.3473| 0.3477| 0.3481| 0.3485

13.9655| 0.3500| 0.3500| 0.3500| 0.3500| 0.3500
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Aoyog Poisson 3ng Evdiapeong ®aong
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Uz 0.020000 0.040000 0.0600000 | 0.0800000 | 0.1000000 | 0.1200000 | 0.130000
U2 0.000585915| 0.001931200 0.003419427 0.004419430 0.004261414 0.002209280 0.000216561
Us 0.332113167| 0.270767882 0.209279655 0.148279652 0.088437668 0.030489801 0.002482521
Ua 0.000585915| 0.001931200 0.003419427 0.004419430 0.004261414 0.002209280 0.000216561
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ra( ) 25.21732 16.82757 12.87133 10.32973 8.42056 6.81707 6.06691
rs( @) 27.90803 20.62594 17.539® 15.77069 14.60725 13.77714 13.44423
re( @) 27.97228 20.78710 17.8008® 16.1250 15.04195 14.27435 13.96547
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VLT 0.331 0.314 0.297 0.281 0.266 0.252 0.245
VTT 0.3349 0.3197 0.3044 0.2890 0.2734 0.2578 0.2500
Er 5.2571 6.4408 7.7129 9.2841 11.3800 14.3632 16.3913
Gut 1.5695 1.9277 2.3937 3.0133 3.8642 5.0892 5.9232
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Et AAL g 350|532 |656| 788|948 | 1160| - |1467|1715
PAULT LOWER | 350|387 |432|490|565| 668 | - | 816 | 932
BOUND
WHITNEY-RILEY |350|513|608|698|802[ 931 | - |1104|1228
EKVALL 464512 |570| 645|741 874 | - | 1057|1200
HALPIN-TSAI 350 | 450|570 | 719 908 | 1154 | - |1488] 1729
TSAI-HAHN 350|423 513|628 |780| 993 | - |1315| 1548

YasUaUd suU

Et AAL ¢ £[1.2900 1.57| 1.90| 2.33| 2.91] 3.74| - |4.99| 5.89
2Bz BE ¢q? 0)[1.290(4.17]7.04]9.91[12.78/15.65/ - |[18.52 19.96
TSAI-HAHN 1.290( 1.56 | 1.90| 2.33| 2.90[ 3.70| - |4.93] 5.82
EKVALL-GRESZCZUK [1.290( 1.44| 1.61] 1.82] 2.11| 2.49| - |3.05| 3.44
HASHIN-ROSEN 1.290( 1.56 | 1.88| 2.29| 2.81| 3.50| - |4.48] 5.14
HASHIN 1.290( 2.87 | 4.61| 6.54 | 8.71[11.14] - |[13.90 15.42
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0 47.8529 | 0.2450 | 5.9232 49.130 0.249 6.450
5 459134 | 0.2616 | 6.0055 - - -
10 | 41.0688 | 0.3024 | 6.2556 - - -
15 | 35.2399 | 0.3493 | 6.6819 37.273 0.342 7.229
20 | 29.8416 | 0.3892 | 7.2916 - - -
25 | 25.4381 | 0.4164 | 8.0757 - - -
30 | 22.0736 | 0.4304 | 8.9835 23.735 0.416 9.532
35 | 19.5996 | 0.4321 | 9.8897 - - -
40 | 17.8372 | 0.4230 | 10.5868 - - -
45 | 16.6325 | 0.4040 | 10.8525 17.921 - 11.339
50 | 15.8660 | 0.3762 | 10.5868 - - -
55 | 15.4464 | 0.3406 | 9.8897 - - -
60 | 15.3003 | 0.2983 | 8.9835 16.363 0.287 9.532
65 | 15.3625| 0.2515| 8.0757 - - -
70 | 15.5674 | 0.2030 | 7.2916 - - -
75 | 15.8444 | 0.1571| 6.6819 16.749 0.154 7.229
80 | 16.1184 | 0.1187 | 6.2556 - - -
85 | 16.3182 | 0.0930| 6.0055 - - -
90 | 16.3913| 0.0839 | 5.9232 17.220 0.086 6.450
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GO Shear Modulus under loading angle 6, Uf=0.65
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7819t T-H¥) GAN) z22) ¢)] @I?) ztTq? Ks) Eégtr7r
Eéd) UAKANQq? Gt (Uf=0.4,1f=100H2z)
30 3.395 0.297
40 3.148 0.306
50 2.901 0.309
60 2.716 0.312
70 2.469 0.314
80 2.284 0.316
90 2.037 0.322
100 1.534 0.327
YasUaUJd od
30 30.4940| 29.8765 30.392 30 0.1762 | 0.1867
40 30.3475| 29.7778 30.196 40 0.1815 | 0.1887
50 30.2010| 29.6914 30.000 50 0.1833 | 0.1918
60 30.0913| 29.6296 30.000 60 0.1851 | 0.1943
70 29.9448| 29.5062 29.902 70 0.1862 | 0.1953
80 29.8350| 29.4444 29.804 80 0.1874 | 0.1964
90 29.6885| 29.3827 29.706 90 0.1910 | 0.2001
100 29.3902 | 28.9506 29.118 100 0.1940 | 0.2037
YasUaUd o Yas UsWd

30 0.281 0.28139
40 0.281 0.281241
50 0.281 0.281172
60 0.281 0.281P1
70 0.281 0.281052
80 0.281 0.281®0O
90 0.281 0.28)932
100 0.281 0.280790
YasUaUJd ahb
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30 0.288971

40 0.288971
50 0.288971
60 0.288971
70 0.288971
80 0.288971
90 0.288971
100 | 0.288971

Yas UaUgd




9.0454 0.6945

8.4638 0.7276

50 7.8720 50 0.7475

60 7.4220 60 0.7647

70 6.8117 70 0.7834

80 6.3475 80 0.7991

90 5.7178 90 0.8295

100 4.3980 100 0.8757

a3z UaUd ol YaslUlho o U

2.9541 0.2415

2.7518 0.2510

50 2.5477 50 0.2557

60 2.3937 60 0.2599

70 2.1864 70 0.2640

80 2.0300 80 0.2675

90 1.8194 a0 0.2751

100 1.3846 100 0.2848
YasUaUd oauU a3z UaUJd o6

E'q E'q
30 | 30.4940| 30.15| 20.4169| 24.55| 11.7232| 15.8 8.5914| 10.25| 9.0454| 10
40 | 30.3475| 29.87| 19.7320| 24.2 | 11.0504| 15.55 8.0282| 10 | 8.4638| 9.75
50 | 30.2010| 29.75| 18.9945| 23.95| 10.3563| 15.42 7.4566| 9.75 | 7.8720| 9.5
60 | 30.0913| 29.63| 18.4044| 23.73| 9.8224 | 15.17 7.0230| 9.38 | 7.4220| 9.14
70 | 29.9448| 29.5 | 17.5572| 23.45| 9.0886 | 14.93 6.4362| 9.14 | 6.8117| 8.88
80 | 29.8350| 29.38| 16.8736| 23.2 | 8.5233 | 14.68 5.9910| 8.88 | 6.3475| 8.65
00 | 29.6885| 29.25| 15.8852| 22.84| 7.7458 | 14.3 5.3884| 8.52 | 5.7178| 8.27
100 | 29.3902| 28.88| 13.5321| 22.35| 6.0742 | 13.44 . 4,1311| 8.15 | 4.3980| 7.9
YasUaUd aq
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30 [0.1762| 0.7992| 0.7964| 0.6750 | 0.6448| 0.6727| 0.6945
40 | 0.1815|0.8834| 0.8455| 0.7055 | 0.6720| 0.7031| 0.7276
50 ]0.1833| 0.9618| 0.8806| 0.7229 | 0.6865| 0.7205| 0.7475
60 |0.1851| 1.0310| 0.9106| 0.7380 | 0.6993| 0.7356| 0.7647
70 10.1862| 1.1299| 0.9471| 0.7542 | 0.7123| 0.7517| 0.7834
80 |0.1874| 1.2167| 0.9774| 0.7677 | 0.7234| 0.7652| 0.7991
90 |0.1910| 1.3652| 1.0311| 0.7946 | 0.7462| 0.7921| 0.8295
100 | 0.1940| 1.7291| 1.1278| 0.8338 | 0.7775| 0.8312| 0.8757
YasUaUd oad

_

30 |2.9541] 3.3984| 4.8593| 6.1881 | 4.8593| 3.3984| 2.9541
40 | 2.7518] 3.1760] 4.5904| 5.9035 | 4.5904| 3.1760| 2.7518
50 |2.5477]2.9502| 4.3118] 5.6034 | 4.3118| 2.9502| 2.5477
60 |2.3937|2.7789| 4.0967| 5.3679 | 4.0967| 2.7789| 2.3937
70 |2.1864| 2.5471| 3.8001| 5.0374 | 3.8001| 2.5471| 2.1864
80 |2.0300|2.3712| 3.5706| 4.7770 | 3.5706| 2.3712| 2.0300
90 |1.8194| 2.1330| 3.2537| 4.4105 | 3.2537| 2.1330| 1.8194
100 | 1.3846] 1.6359| 2.5669| 3.5850 | 2.5669| 1.6359| 1.3846

YasUaUd @&

30 |0.2415| 0.2649| 0.3183| 0.3354 | 0.3183| 0.2649| 0.2415
40 |0.2510/ 0.2770| 0.3392| 0.3635| 0.3392| 0.2770| 0.2510
50 | 0.2557|0.2839| 0.3547| 0.3871 | 0.3547| 0.2839| 0.2557
60 | 0.2599| 0.2899| 0.3680| 0.4073 | 0.3680| 0.2899| 0.2599
70 | 0.2640( 0.2964| 0.3844| 0.4343 | 0.3844| 0.2964| 0.2640
80 |0.2675| 0.3018] 0.3981| 0.4572 | 0.3981| 0.3018| 0.2675
90 |0.2751] 0.3124| 0.4220| 0.4962 | 0.4220| 0.3124| 0.2751
100 | 0.2848| 0.3281| 0.4666| 0.5789 | 0.4666| 0.3281| 0.2848

Yas U&Ud o
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_

30 |0.2810] 0.4126| 0.4958| 0.4607 | 0.3407| 0.1740| 0.0834
40 |0.2810] 0.4203| 0.5030| 0.4652 | 0.3422| 0.1715| 0.0784
50 |0.2810] 0.4289| 0.5105| 0.4697 | 0.3436| 0.1689| 0.0733
60 | 0.2810| 0.4358| 0.5163| 0.4732 | 0.3448| 0.1670| 0.0693
70 |0.2810] 0.4459| 0.5244| 0.4780 | 0.3463| 0.1643| 0.0640
80 |0.2810] 0.4542| 0.5307| 0.4816 | 0.3474| 0.1622| 0.0598
90 |0.2810| 0.4664| 0.5394| 0.4866 | 0.3490| 0.1594| 0.0542
100 | 0.2810] 0.4963| 0.5586| 0.4971 | 0.3524| 0.1534| 0.0421

YasU&dUJ o
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