L Hi

FEATURE

Yex RS e den Jy a5
SRS

(RFRFMRTMRE A F 5%, LiF 200082)

[T H%HhARBNEIBLLIGRBPA) BRI ZENT R, EHEFRARBERL LERRETEHEZ
J& , B IHARN E Se WIMU M A T A Bk T A4 A e S MAF I BP T Sy o) A Aol o &, AR IS E X R B B
2, MU B X, ALK B R, BT e fTARE A A AR AR S HEE S e s A S L E it
TR, B BESRBEBLHTH— EI BRSO BATE MR o e AR AR ), B X E
THBR AT, S5 A e Fe ARG R AT, R B R TR, BAIRR B AR AR R R T P ey
R KA AR AR, 3F 52 0 SN T A U A 3 I JG P Re AR MR AT . R AR E A RX, ZHEREXEY
SR, A IR RNRET —FRKXEE,

KR SR M F BARF RBG RGN R BB L E

DOI:10.16080/j.issn1671-833x.2019.04.014

HEIG

Bt BEHEH KIFE €
BTEAMRAMFEREEL “HEBE
B A IR RIER” SITRE
REMNANAZEL EEHTES
MREBSR TR E ST L RETHS
MESENA, HRGELTHSERSN
B ESSMAKBATIER, A T —ARIE
SHETREECENESCESS. W
W& 4 7%, SCI i3 140 ZF, FHHEN
EH 2217,

14 Wi hEBAR - 20194E 556245 55 410]

YT Y g s R (B
T Y K R L R AR S
PRI 57 R I T ek B AP B ) i AR
VLI Gy F 3R — SR e A R E
A RIRAL - LA A
TH A5 24 77l R A A 1 A A T 5 3]
KA, IF HAE R AR L
T8 A2 38 A AT R A G R T
Sto PR KSR A T IR E B
HE AR A 65 b AR & g . 2017 4F
KEP A gAE - m e SR S
w1 60% PIb, Hr [UHTTE 14
VAT 71 B 308 2 2 AF ™= ik 150 U7 t,
TR R Y 22%.

YIS AT AR YIS N R F A
VB snm bR S0 I Rk 2 A £ 2
KPR AL X 5B — Pl HLLF
22 (LFYER) 2K 22 G5 ) N B 3
P, AR UT AR KRB shif 22 . A

ST, 5 B BT — S LR £ 4
FEHEEZE . (LG 2 58 75K
SEARTAR, 7= i — T 2 — i
A, T EL A T 7E 2 4% AT R 2T 4
R, st B S Ra ER
(A S22 . A sy 2R AT
TR, WD T A FESRRBRO, Hi
FEA T3 AR A IR b i 52 2B
filo S —Mh i A S RTE
ST AT Y 2 AR B RHEAR , T
AT 4, AR 24 w2 AG , P R
T A AT BY IS, B TEAS AR
LB RTM (R IR (& A8 R 75 )
RIM (% iig W %8 B89 ) sl F-H 1-22,
L ARiR e AL, d BB PR

SEBERS= fh, ArEYE 2R e
SR , AR SR LT S S R
TS SR IS TR ) £ A, PR
5 B T2 B8, 2 K 44 et 2

* BETIR « [F5 A AP A AT (118320145 11472192 )



JiI .

ST S UL, 2T 2 R0 3 A M R
AN YR EEGT, B
A BB BE L B P T £ 4
22 Y1 5 1) F AN ) 5 1) f 1 £F
dk A, N, 2 4k DL S
( Areal Weight, g/m?) &, antE £
B (B A4 T4 n T4 ) i
TLX1215 =4lifi [0° /= 45° ] A9
il 1219g/m?, i 00 Jy R4k
TEHE 708g/m?*, +45° Fll —45° J7 [ i
L4 v E R 2509/m?, BN viE Ky
11g/m’ () PES 204k, I T ARy
] 50 B HES ) A £F A 5 A A — B e 4T

L] AR AR AN ) g FH 2SR 0 A
BB LT HEF Ty 01 B i 5 RO £F
YA e AL R AS T I Y —
ARV, A Ml A% 0 55 5 ST 1)
—AH B, BARIUA SCER 4R
HOBHB A 43 2 A SR B 1) TR 7
B U (HAE 4 o dE A A R T
(e 3l ) 32 AR SR 2 50 A
FIRER I 1 AR 4R AT 25 240, K
5 T AR B R, AUFEFFERS, 11 H
MELLIS AR

AR SCHE TR ) S 0 7 B A 7Y
B SUNIERS U P EL S L TN
2T 2 AL 1 R LR 1 e S BRI 21 4
PRFRE it gl TR 3 5 AN AT B )
) I 8 A kg £ A A 1o
o Y X PR AR T R AR AT YR
) 71 T/ BT o 3 0 1 B
B PSR, ST F 2 A i e

it

AR AHHE

WORYE 2 70 M4 BHERE AN 2T 4L
SRR G APRHPERE , e
e LT AE IR R g

PUIESINIIvA NS & s R = <
Y22 JOK AT, e il i
RERARLE S W — M RIR, SR
BemZUAR L, G T AL LT YRS
il X EF2E Sy~ PERE I 55 , T ELAE

Bl SHTF4R
Fig.1 Multiaxial fiber fabric

WORE R, IR, LA SRS
AR R, )2
7AW T 8 o 2 B A 5
.

{52 HRT B2 PR e ),
I HLAEMERE BT P 7 R % 1 25 4%
PRSI, g — Mo, SR I p
SR B MR T ARG i
wITRE .

o ) [0 @, O (de
e
i’ | |0, 0 0, |2

(1)
Kif, {do?, oty dot, 3 R
%wmﬂﬁﬁ§ﬁ=§n%%%ﬁ
FOERE , n IR, t R AT k
JREIERE | OF F IR AR R R

FEXUW
0, = > (L (2)
(CO). T2 J52 45 45 15 K 2 b
Sk RO BEAE I, Pl LR B A b
ORI BE R[Syl 2 AR bRAs e 31
(€O = AT 1S 1) AT, (3)
[T, ] 55 A 78 e I, 3 D0 S

ik [5].
JE A MR TR 8 By .
Vg Grgree- G REMRIE 22 ] 5 2
W

1 vxy ,]xy, x
Exx Exx E(x
_ VX,V 1 nx)’v Y —
E E E
xx » pad
Moe My 1
E E G
L x »y .

0, O,
h QIIZ Q212 Q213
0, O O
L) A v AR 1
JE GRS K2R AR AR ZR T A Y
INWAE S ws
{do}, = {do,,doy, dorp); =
([T;1):[(C) e} (5)
=K, {ds‘;}‘G) = {de} , ds),, 2de},}" | [Tl
FE T — AR AR R
E—25 F A (5) FRAM IR
IS SRAGES KBRS P i
1 F1h B
{do} = (VilI] + V., [A;l) ™ {do e =
[B]{do ) (6)
{do} = [A, LB, 1ddo (7)
b, BRI B [A] S B [By] 4%
TCE B A FR I 5% AL
o K Z R BEAE R R A5
[S,1 = (VLS| L + ValSTLIA OB )
(8)
Vi F1V,, 53 AT 2 ISR {4
RS, [STIANLS F1 43 501 2 47 At Ak
TR 2 BRI

HXHMA
W C6) f(7) 5B a4
AERNFAR N 38 i o A (E R, SR A
FEANETE A MR i 7 2
RES
do, = ([d&,dV)/V' = Vido! + V,do™
(9)

20194E 5562 55 40] - B HIEHA 15

0,
(4)



L Hi

FEATURE

S T
{do?} = [A){do} 10 A (9), 37 Rl
S at06) M(7), A B, =(9)
K H T AR 2 T — a5 IR
B S BUEL B PRI AR B
IR S7, SRR AR B T I655 /)
B, BATTAR A R RS AR T — 55
B IR . B A MR SRIT R (R
fRZFEME B TT RVE ) 025 [ i 75 47 £F
AR, I H LR A A FR o b 2
52 AMRAHIR , X gl 15 52 Fr
i) RVE PR V' HAEIBUA BRAE, A
IR F1 A SR IR ST o

WAIBTEE Y A B PN ) 5 Loy
o Aok B R 45 T A B A B2 A R R
B 2817 5 S B (B AH G B9 S 435 22 )
A 5 A LA L B AR
AEARTPERE A AR DAL T BN
HSL |, SRR R R T
SR A7, U DA A R s A
I FHE RN TE A B AD T3 B
TR ), H BN H A 111
BB BORE 55, e T R R
NES S SRS, A4

(ELN AR 5 FEAACH) B2 45 T
PRI 1R LIRS RS B, AR SO
S INTEN S OSE-SINIDIVPAE LN i 8
BN A LR SZ SN T, AL
FRHE R S A FLCS TR AT RIS
Ji, RIS R T 13 T v
SR, Fe A rb iy B g 4 b 2R %
55 BRI B R AR
KRB B, &5 BN T
Jes PR Rk 235 4y v oA e B i 7 A
SR A I8 T 4 v SR AT AE Y
MRt S R P B AR B . A
DTS L, m]oRE 52 b v DA
LD sl DD VAPIE- S U WS o Ve
WL T3 B R — i ) 4R
HRE P R R L ) 2T 4 A AR ]
RAH R i R PP AN P A
PRTR AR, W] AR by 4t WL CROUL ) Bz g
o LR YA S H AR R S SR
U, FER PR R 5 TR R BOE L3

16 MiarhlE B AR - 20194E 55 6245 55 410]

B30 SE AN TAL G R 2 i T
ko SN Ty B P R R SR
bR A B R AR T B LA SN IR 7
il 5 1 28 o E S, — HLET YRR
FUIRTT R, Fhons S B A R
B R BT K, T R B i T R
SAL B EEAR R ) 7T 5o RRSR AN RE
AR S 7 7E S, 3 K RESR P24 0
Ty ML 4R R B RE SO R
(O 2k )2 3 3% A T CRHXGH e o g ~F- 1 )
SRS T3 (), AR AR AL % )
S i 1 ) B rp R RO A AR
P85 (4 ) BT R DAASP 2 (=48 )
I A7, PR 3 S B bR nTREAY L
TAER

TE S — R IR AT T, SR
IO Sy 8 rh B0 .

PTIRLE .Y
2 |R£ *I:\;;| & (022)pu ’
(10)

A, 03 S AL B A (TEBR K B A 4F
Y SJe AE TG PR R IEfR P ) BRI 21 (1)
FEAAR VR 2 Aar T 1) B9 0 T (R ),
(0% g FBFIRABE Y 25 s (fSF- 2
J1), o FE45 8 o ™ BRI SR )
AN IS, ROFIR. AR 2T
Hp 21 2 RN R A T R, Ho
b=al\V;

AR AT A FEAAR R 13 (R0
(5] A 5S04 ) A ] A R T A%
AEE () JEAAR Y 7 £ i R A —FE
PRAR G T AZ A [l AR A ] R4
5 1) B V) LA K i 1) B 1) A A4 1 )
4 v 2 B S 5 AR 43 i) L SCRiR [8-
11]. A fE L, AR A g H
8 1) 45 K% it e 5900 17 ) 4 vh R B
1y R IR A TEM 5% B, Bt
TF 54 i B AR i iz o 10 g 4 rh 2R
BONAT B AT T B9 A 1w T 24 4544 )
SHTERNSE C s

(RS AP I E AR X il
FEAR R 153457, R, Rl b R R
RN JEASAFELER S S, (HZ,
T g Bl 4 Ja AR B — A A

IBPEAEIE ey AR 2R 4 S Pr o
RS 3 e TR AR R S AR 7 BT
IR 7o AL R AR 5
S 1) RS0 22 , b S A 2
(s, SR [S] o SO 2F A (AR
T ik B B 55% S5, 1A E
AL NS,

Eo"
K, =min<1,
11 > m f
Ero,

K, = min{l, %}
(GEINE-UNIbIVPAE LN T

2 UNSE LI SSTPIVSE
{@) = (@) + (K, do, K, don, Kodo)'

=0, 1, - (13)

X ={ K; (o, > 0)
K (o7, < 0)

K;, (doy, >0 HAHAZIF)
K,, =1k}, (dop > 0 HAMEZIF) (15)
K;, (doj <0)
21 4k 1 LIRSS 5 A )
T, FC S i 2
{o}* ={o} +{do7} | 1=0, 1, ---(16)
[F) B, 543 BB BT 32 24 Rl 28 4

(11)

(12)

(14)

H:
{o)" ={o} +{do,,do,,,do,}" |
1=0, 1, - (17)
N SR VIS
{do7} = {do), doy,, doy}T | {do} J2

H(6)~ (7) TRy SRR 2R 40y
(6L A7 38 8, ANTHIRBR AR ST, 9
{H a7 A {o & HL 0, {5:}°={0}-

TSR FIE

1 FREFHHE

s B 1) B2 AR AZ A ) o
I F 2R AT 03,= 69, I, £F 4 13
PR BT R 2 A T
GRS R, IA N 03,< 0%,
I FL R RS BIAE |, 0y, = O, L RIRLIR,
SRR A (R 2R EE
52, P s — B ISR AR Pk B
A, 2 0SCik [11] e KTt
SCHR, I HL TSR Poisson 2L,



L F

FEATURE

BIE SR 3 B T B PR AR T
FRUG ALK . TR
R L0, R A5 S 1)
RARER 24T

Ri(on -on) + K05 =00, (18)
e B R A R T SRk
)7 il 38R 3 B A 200 R A B ( 7)
T

o 0.3E!, +0.7E" 9
T2 T V03V, )E, + 0.7V, E" 7>
(19)
o = 0.3EL, +0.7E" %
2 =V, +03V,)E, + 0.7V, E"
(20)

Fa(19) Fi(20) LA (18),
FPAS R 1) I SR N T
o K,y
), = 32— —
” Kéz - Kéz

(Vi + 03Vo)EL +0TV,E
(0.3EL, + 0.7E" (R, — Ky (21)
HE =BT T 1Y ST R A —
SRR Y HT Mises BLSE N T
R S, R BEAAATE 31 2,
0,
(@) > 67 H(T,) >0 (22)
b, 24 Mises BLIZR 1 (o) =

V@Y @) + @Ry - @), + 3@ @)
(23)

S— N

iy = @

L@y - @7 + 4@ (24)
5 57 Miises 250 1 4
6 = NG + (Ku63) — Ki67,0%,
(25)
e SRS 1 1 75 2 S Al )

Table 1

B4 Jum

e/ (gm?)

HELR 10
é‘_m - VfAIZ 6—0
(Vi VLADV + V,Ay) T

(26)
2 EEmIRHE
P T 45 ][] R A 2 4% i) S
BEMER TS, I, Tsai-Wu
I T T 5 SR B AR
F @) (@) + (@5)(05) = @)(05))]

+ P @)@ + F[(07) + (03,)]1= 1

(27)
F,=1/(c00o)
F,=1/(c}) (28)
Fy=1/07 - 1/0%,

Ao, ol O T R Al AR R A
JE4 B VIR
3 FHEmIAFINE

RN, 5L, LR i
FRIER T RESRF R, B L i
SAbZ AT SRR B T 1k
b7\

(o) >0, (29)
(30)
W RO 1 Lot B I P2 B2 U T M E YA
TRUEARRIE , (o) Fl(07) LT 211
B S =ERN,

4 ey SIERGHILFHIE

LR AEIR R AT IR, SRR
RAEEAEIN . B AT —E T,
— HH BT BN, RIACH 2 A ik
2 TR EIR T2k

(o) <o,

AT, T EEX R 2
AT S0, DI 32 7 58 i
PR AT 22 SR A S Y 1%, B

E,=0.01E} (31)
[, Eg AR it . HoAl
R RE S B8 SRR A RS LL
PRFEAAR PR S U85 i 2T 4E R
AR BT R A S A N B R
W
5 MRERAIAHIE

PR B0 D BRI DA 1 320 4% BR
WK — A — AR ; R
TE— P HEZ AT B [ 2SR
I (A ) die KRAE 75 2 1l FHE, %
e S — i v L 5%, BRAR 48 1056 /
LIPERE . J5— AR E SR
JEE R FRASTE (722 ) A BRAE
e BELRSE I B %k 7 ) 2k Uk 2
i AR B i 2

WitER

1 BANBIE®RE

W VT E A7 £F 4 3L AT BR 2
() E-7 UD1200 HfliAf, £ %k 0°
LB N/ 90° A4k, i L B
Ui (1 2), e 2500 T
1, 53 A (Hexion ) /A R 4
RIMRO35C #fi, 4 RTM & &l i
SRR 2 FEAR A5 RERiH L 36 2,
PRI RIMRO35C kg RES

B2 E-7UD1200&447
Fig.2 E-7 UD1200 uniaxial fiber fabric

R1 E-7UDI12008 &S E

Structural parameters of E-7 UD1200 uniaxial fiber fabric

0° £F4; 90° £F4
E-7 E-6
17 17
1152 50

BEL LY
PET

1

20194655625 4] - RIS EIAR 17



o

FEATURE
%2 E-7UD1200/RIMRO35CEEMI4ERE(V=53.9%)
Table 2 Properties of E-7 UD1200/RIMRO035C laminate
0° Fuft 0° JEH 90° i fit 90° HEfi T N B DI RE
E/GPa X/IMPa E/GPa X'IMPa E/GPa Y/MPa E/GPa Y '/MPa G,,/GPa S/MPa
46.3 1184.8 46.8 934.7 131 52 14.3 183.7 3.99 84.6
. T N 35 Y)R F losipesculi45° Rail Shear s il
T U4 1 S 1 S R 3 #3 RIMROISCHIB A

X i%( T %;{ 2 Fil %;{ 3 Eﬁ XHE W Table 3 Properties of RIMRO035C resin
= 2P o
90° £- 4 78 B A J 0° £- 4k 78 F 1) 5%, E/GPa v o, /MPa o,/MPa

M g B L 2% A LB 1k E
AR T L2 B £ LR i 05 o 08

WAMEAT, 2% 2 FF BBEAL A )
A MBHAERE

He R, WE 2 7]
L, JC A il 1) 7 A 2 1) P Y
P AT DR 55, 22 S5 R R AT Sk
ARSI, 2T 4 A A
143 A R A TR 56 AR s 4 1
T3/ M, P R e, B
o e 2 B8 B v SR AR R
P RIAT . pl A g %) eI X
HEC R ) 0P R 4K o i, 6T
[ A5 5 i M 4T 4k i 85GPa, £F
YRR S BB A B R ) A
ff2E k 0.29,

N Rl RSN OIS N A L
72.9MPa n[ {5, F 45 bt 4R 19 E-7
UD1200 J2 F& # # 1) 7 fd 5k
50.7MPa £z S AE 52MPa, {H ]
B B K 45 50 i 93.8MPa A AT
. W o, % T 93.8MPa il i ¥
J2 FE AR [ 4 i 3 372 1K 0
A 183.7MPa ; H.UK, ARG AR H]
45, RIMRO35C [ H% BIR 7 4 i 78
4.05% , 2= — MG , FE4E R
S — I I A X AR R 2k Ao , 1 S 9
PERCRR, B Je B 2R T R, LA 3R AL
FEAE R e 4k T A A T4 g, 5
RV R 2 Bl 4k
22 LT B IR R R in 2k
FE NS T B SR IR , A an I 4
B ESERES . R, PP SE AR A 4
88— B 7 AL 4R B ) B 1) 4
JEE R ST AT AR 2 Bdis

18 Mzl B A - 20194E 55 6245 55 410

R4 E-THIBARSRIMROISCINAE MK 1 E4E
Table 4 Mechanical properties of E-7 glass fiber and RIMR035C epoxy matrix

oy E,./GPa Vip o, /MPa 0,/MPa o,J/MPa
Y 85 0.29 2150 1700 —
E-2IN 3.22 0.35 72.9 146 51.6
5 E-7UDI1560ZEEHAISEIE R
Table 5 Elastic properties of E-7 UD1560 laminate
S8 E./GPa E,,/GPa Vi G,,/GPa G,,/GPa
TR A 50.9 16.1 0.315 5.5 55
SN 52 14.3 — 41 _
AR -2.1% 12.6% — 34.1% —

: Gp=4.1MPa, RHI[+45° JEEARALIFF]

T SR P40 9 o 146MPa, fH
(GREN=Ni P SN R IE RN
lia] He 17 ) 4 v R B0 — R o
BRI 55 D)5 B T iR Mohr 243X
s ©.

O = 0.5\Joron, =51.6MPa  (32)

(vt T EE AR 27 N Y=o i)
IR, 2 2 1 i SR 3 4 S0 AR Al
JE AR Al 7 R 3 S T 2

25 b SRR PERES TR
4,

HRAEZR 4 BRI RIS Tz e i
Y=52MPa, K453 AT 25 i el i
R S REL R, =6.18 ST 34T
(Il S [0 F 0 7] 6, =54.TMPa>Y,
P UL BHAR R 1) 21 2 A0 Sk S
HL R BIR AR IR AR R, A2

B, Pk, K% B 2 4
PR B T BRAR A I ) LA S B
HREL
2 BINFHEGIET

E-7 UD1560 Hfliff i £F 44 ik
. 0° £F4kTidE 1512g9/m*, 90° 414
va i 40g/m?, PET £ 5i 11g/m’,
5 RIMRO035C AWM IRE A5 12
JEM T AEAARF & i V,=58.3%, I Ifl
X 2 A S e R 5 B A T8 1
(=38

[k T 90° £F 4k i i H 5 0°
£F 4k 55 H (1) 2.6%, BF %2 TR N
B AR, TR 4 8, %
HAR AR T A AT 2 Al
A H B TR S h . E AL
A 5 a5 T3 5 v, A



L Hi

FEATURE

Y 22 S i 5 RO O, Y
T 7] R4 Ry 17GPa, 2K 7
RIS [ i 2 A 1) - 2 {00 A A
A i, PR 2240 2.5%, BT DI
2R RE I A 0, —
JBEIAA losipescu m¥ 45° Rail Shear
WAEAS 3 59 5 U REJC H 5 DI
FERAE,

Ry P R SR B, T e T
BRI N E T R, KT R4
S e S 4 R N e i g =
1A AR N 1 B R T3 6
Hr, KR 4 IR 6 MR AC AR
A2, KA 1% )2 A (B ) 52
GHOEL) R EES TR T b H
A AR AR T A 2 R AR
DU 2540 L ke /> T P 5 105 BE 1Y
45° Rail Shear {5, Hah Rt —

) 51 76 22 P9, BEAE T 54 58 X He
B HR 20 7.8%., ARPTJEA, &
A A BHR B6 B 5 R A A
— BB K, A SCIR PG 5 44
L ET 2 RN AR 1 B T &2 A A1k
[ , A7 TE AR 22 T RE Y 5 22 TR (41
A3 R R RE I 22 B BEIR 22 2 R
B R B A5 ) . KT, AR
SCHUMRG B 48

WL B S L NIERS WA DS R )
R 5 B TR i P e MR, 3k
FHIE R J7 (B K1t1=K2tz=K§2=K12 =1)
T (0 4% PRl s FEL B e 3R 7 v F
FriR22 101.2%, 1= H BN ) Uk
P75 7.8% T 13 f%.
3 ZIMLFHRmIIT

E-7 TLX1215 = % A
[0° /+45° ], B £F 4k ¥4 B 2 0°

6 E-THIBAFH/RIMROISCE SHHIREMBIN IEFRH
Table 6 Stress concentration factors of matrix in E-7 glass fiber/RIMR035C composite

24 TiEE 708g/m?, + 45° P4
250g/m?, PET b4k i 11g/m*, 5
RIMRO035C &M s & & 5 12 &
WA AT A& V,=53.7%, JZHEMR
FARSE E J SR E TR o

ERmEE ST LiEY @
WRIGL P TERE (SR 4) AT IR R &
&, TN 8 2B Tk 6.

ATV S A IO 2T 4 v B, D)3 it
PAZ R R SRR B Y +45° Fl-45°
Y Z )RR 1,4, 0° 274
SIS S 2.832 (=708/250 ).,

B E MBS B(%K 4 HoMERE &
6 I JI 4R R B A 2R AR
AHTTHE B RN, B =40 2
FRAR AR B e ik B S 508 T3k 8,

TH A7 AR A% — Sl A 2
MBI DL 3 8. FEIL, TR T
FRYSAE ST L AR 22, DL
72 8, AN, AR TR )7
BJiR 224 7.3%, 1 R 55 B TU4H A9

i K K Kz Kz Kz PR 25N 10.4%, % JEFE R 5
58.3% 0.895 1 1.47 3.26 2.05 EILT LA FIEARPERETS 2 1Y 1% %5
53.7% 0.895 1 1.42 3.11 1.93 R NI,

[RIREVE X L , R BT I g
FBHCN 1, BT {E N 7 F0 Y

7 E-7UDI560/Z EHR K S50 B
Table 7 Uniaxial strengths of E-7 UD1560 laminate

J2 s s B (P e Rty -5 LS
T3 B e AR, PR sk RS

SR XIMPa X'/MPa Y/MPa Y'/MPa S,,/MPa . A
NI R/NTE R ), 550 %) E Y-
TiHRAEL 1287.8 1018 49.2 181.4 77.4 PIR2E 40.3%. 25 B0 R
S 1370 914 46.4 169 - 7% 10.4% 3T 4 15, THEFEH AR, AR
LN S S -6% 11.4% 6% 7.3% — [a] @ 41 ki 0° J7 [al A B,
BUR (M) | 1287.8 1018 155.4 426.5" 114 [RITTT, Y 0° i 2844 Y5 {8 R 1 #ti i

PRI =7.8%, RIS (R 17 ) =101.20; “* B R 25 S -2 1] R HA SEEHE R, RS 41 4 )

&8 E-7 TLX1215RE[EHR[0° / + 45° | Mt EFn58 FE
Table 8 Moduli and strengths of E-7 TLX1215 [0° / + 45° ], laminate

" 0° firfi 0° JE4i 90° firfi 90° E4f [HIREER)]

- Fikt /GPa | WREE /IMPa | ik /GPa | #RJ¥ /MPa | f5ii /GPa | #RJE /MPa | f5ifE /GPa | 5 /MPa | 15k /GPa | 5% /MPa
B 343 712.7 34.2 574.2 16.4 114.8 16.4 2255 8.45 194.8

1 33.6 800 35.5 660 14.3 126 14.7 207 7.94 216

R 1.8% -11.4% -3.7% -13.2% 14% -8.9% 10.9% 8.9% 6% -9.8%
Titf 2 — 783.7 — 682 — 184.6 — 432.8 — 304.1

T PR 22 R RE (AR ) 7.3%, BREE 10.4%, IR 2 (X{E R F7) SR 2% 40.3%.,
20194655625 4] - RIS EIAR 19



L Hi

FEATURE

AR R B i R BN AE

Rk b SRR A RO
B PRI 5 JBE TR RS TR S A
e

FAEZENAE S e g
SR, 38 3 VR AT Ak AR B pe T AR
A SCRY BB A 5K, ATAR Ty i 4 5)
LA R i A S

&

RSO TR R R A 22 L2
BBEE, A2 T — R AT 4 A
BER 2O A BT 5 1 AR AR
LR HERIEEAR B S TR B2 SR
RN AE £ A ALK 1 S 2 A5 1
BIBIRHRAL T AR R , L A it
— b B[] S5 AR R A T 7 R 58 5
AN SR TC 12 A e o T A A 4
RES R, AT ad i 5 ) S5 A i
Bon A NI, e U f gt
— 2 B AR CR N , BT
VAL AT T 2 Bl 1) 1) £ A 1 A I
SOH A I A A B A AR
PERE S PIME M) 5 RAF, AT RR T4
I o 06 4 TR 6 5 2T 4 A 4544

ZHRBITT RS . BARAR SR AR 27
YA AU EEA R AR
RN RE i TR 2T 28 )25 A ) 254
SRt

& £ x o

[1]  TRULAR, BHEESE . AR M.
JUmt R T, 2006.

SHEN Guanlin, HU Gengkai. Mechanics
of composites[M]. Beijing: Tsinghua University
Press, 2006.

[2] ORIFICI A C, HERSZBERG I,
THOMSON R S. Review of methodologies for
composite material modelling incorporating
failure[J]. Composite Structures, 2008, 86(1-3):
194-210.

[3] LIUPF, ZHENG J Y. Recent
developments on damage modeling and finite
element analysis for composite laminates: A
review[J]. Materials & Design, 2010, 31(8):
3825-3834.

[4] TALREJA R. Assessment of the
fundamentals of failure theories for composite
materials[J]. Composites Science and
Technology, 2014, 105: 190-201.

[5] 5N . &AM EHBIR 550 EE [M].
Jemt: BleEmihe | 2018.

HUANG Zhengming. Failure and strength
of composite materials[M]. Beijing: Science

Press, 2018.

[6] ESHELBY J D. The determination
of the elastic field of an ellipsoidal inclusion
and related problems[J]. Proceedings of the
Royal Society A: Mathematical, Physical and
Engineering Sciences, 1957, 241(1226): 367-396.

[7] CHEN T, DVORAK G J,
BENVENISTE Y. Stress fields in composites
reinforced by coated cylindrically orthotropic
fibers[J]. Mechanics of Materials, 1990, 9(1):
17-32.

[8] HUANG Z M, XIN L M. In situ
strengths of matrix in a composite[J]. Acta
Mechanica Sinica, 2017, 33(1): 120-131.

[9] HUANG Z M, LIU L. Predicting
strength of fibrous laminates under triaxial
loads only upon independently measured
constituent properties[J]. International Journal
of Mechanical Science, 2014, 79: 105-129.

[10] HUANG Z M, XIN L M. Stress
concentration factors of matrix in a composite
subjected to transverse loads[C]//Proceedings of
ICCM 2014. Cambridge, 2014.

[11] ZHOU Y, HUANG Z M, LIU L.
Prediction of interfacial debonding in fiber—
reinforced composite laminates[J]. Polymer

Composites. [2018-11-26]. https://doi.
0rg/10.1002/pc.24943.

EIES: 909, E-mail: huangzm@tongji.
edu.cn,

Design on Fiber Arrangement Angles and Areal Weights of Glass Fiber

Reinforced Plastics

HUANG Zhengming

(School of Aerospace Engineering & Applied Mechanics, Tongji University, Shanghai 200082, China)

[ABSTRACT]

Fiberglass preforms or fabrics are the main structural form for making glass fiber reinforced plastics (ab-

breviated to FRPs). Once the fiber and matrix properties as well as fiber volume content are fixed, the mechanical properties
of the FRP products are predominantly dependent on the structural parameters of the fabrics, i.e., fiber arrangement angles
and areal weights. It is a difficult task to experimentally determine those parameters. Not only does high expenditure both
in time and in money have to be spent, but also it is hardly possible to obtain an optimized design only through the trial-
and-error tests. This paper describes how to design the two structural parameters of any multiaxial fabric only based on the
mechanical properties of the fiber and matrix materials. The load shared by any layer of the FRP is determined through the
classical laminate theory, whereas the homogenized stresses in the fiber and matrix of this layer are calculated using mi-
cromechanics Bridging Model. The homogenized quantities are then converted into true stresses before compared with the
fiber and matrix strength data to assess whether or not the layer is failed. If there is a fiber failure, or there is a matrix failure
together with a maximum strain of the laminate which is greater than a critical value, the corresponding load applied on

the FRP is defined as its ultimate strength. All of the design formulae involved are explicit and analytical, and the designed
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performances of the resulting FRPs agree well with the experimental counterparts. The present work provides an efficient

methodology for engineering applications.

Keywords: GFRP; Micromechanics; Stress concentration factor; Fabric structure; Stiffness; Strength; Areal weight
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