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Summary

This study is to analyze the effect of notch root radious on the
fracture of glass/polyester reinforced composite materials.
The following results were obtained by tensile test and FEM simu-

lation on specimens of glass/polyester composite meterials.

1) The smaller £ specimen showed the fracture behavior which was
mainly caused by the propagation of the stable crack, but the
fracture behavior in the larger # specimen was mainly éaused

by the spread of damage.

2) According to notch root radious, the experimental value of the
nominal stress could be estimated by FEM simuation and the

load —displacement curve could also be drawn.

3) According to the results simulated the spread of damage zone by
FEM, as the P specimen got smaller, the damage begining
stress ratio to the fracture stress was low, and when the stress
ratio was equal to one, the whole regament was fractured as the

damage spread more and more without regard to the 2.

4) The element stress and the displacement on the working load of
homogeneous and orthotropic composite meterials could be esti-

mated by FEM the same as homogeneous and isotropic metal.
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Table 1. Physical properties of glass fiber and UP matrix.

Tensile strength | Young’'s modulus | Elongation

Gravity

o t( kg/mm*)

E(kg/mm®)

(%)

Glass fiber

2.55

345

7,500

3

UP matrix

1.26

6.9

345

3

Table 2. Mechanical properties of specimen.

Ply number

Thickness(mm)

Ot( kg /mm*)

E( k¢ /mm*)

4

3.9

8.1-9.1

250—368




200
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10,.20 ;10

(a) o =5mm

(b) p=10mm

(¢) p=20mm

Fig.2 Configuration of test specimen (unit: mm).
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£ Aol A4 F984Y T2aYPe EgaReMY oy B4
s 4% AR EAUE J¥Y + UxS @ SACOM(Stress analysis
composite materials )(E R, 1989)0)9, HAad HFeeA €8 9 ¥
A WM& slech. Fig. 304 Xoly upel o] :AubAe] 5, 10,
20mm<el H¥o] FXE 3FE e AT #2A ALY Ay BF
3o, AL E st 1/4<ddel] M e PPk oS54 X34
o AL YW 14, YEAY AL XY F4oit. T4 Y
< ARAZ ez, 435S 1 EAo o8 el sl

2o AHE 3FxAdE FUHLE FUstL, kXte £¥A
o] AA=HEZ MYUsA FUIT o}, Yol Agde FEE AAH
7 BHHez xyfney QA4XY, Az, FHsFE A},
ol JUHANRE 3t 24 I HHYE AN Z2aY Y
Y3y J¥AE Table 30 eyl os, Table 39 2+ 2452 Fig. 3
o BAlgtgct. FEMel sl 33 -9 TAH& 78 A% AFE
Y5 3ol IE BHUAES Ul FFE 3he 5o A w4y
E AA32, o] HAHE HIAsFol o]F wi7x| ubEEgon, oo iyt
£AE& Fig. 49 vebych

to  of

Table 3. Input data for FEM program(SACOM).

£ | Sum of |Sum of | Load condition Boundary condition
[ mm Jelements| nodes | Load number Node number

-1, -2, -3, —4,4, 7,18, 23, 28
5 59 43 |39, 40, 41, 42, 43 33, 38 43

-1, —2, —3, —4, 4,8, 12, 20, 25
10 55 40 |36, 37, 38, 39, 40 30, 35, 40

-1, =2, —3, —4, 4, 8,12, 17, 25
20 63 45 |41, 42, 43, 44, 45 30. 35, 40. 45

- 12 —
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Fig.3 Mesh generation of test specimen.
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( Start )

Input—Data

Calculation of element stiffness matrix

Km =1t (B)"(D) (B)

Strutural stiffness matrix( K) and nodal force{ f}

Calculation of nodal displacement

{6} =(K)-1{f)

calculation of stress and strain
{ e} =(B) {¢§)
{ e} =(D) { ¢}

Print results

( Stop )

Fig. 4 FloW—chart FEM program.
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Load(kg)
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O 2 4
Displacement(mm)

Fig. 5 Load displacement curve for unnotched specimen.
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g ) S o 1 A O .~ 1 1 1 - -t 1 1
0 _ 2 20 i Z Yo T T2
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Fig. 6 Load--displacement curve.
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0 = Pmax (w—2a)t
Pmax : scha}3
w: AHE £ (40mm)
a :Xx3? Zoj(a= p)

t - A¥EH F4 (3.9mm)

233, FEMAIE & ol dol 2% FAAReHe 2 g 8 P72
°lct. Table 4o4 438 =® FEMe| 9#) #)4ts TAIAEHY HYEe
Adel A FHAFEY 9 A4} e zo)r} glom, 2o 2)Hb7 o]
273t e]Ex Friyio

Table 4. Nominal by experiment and FEM.

o Experiment FEM Pmax w—2a
(mm) | 0 (ke mm') |§(mm) & (ks mm') |§(mm) (%) | (mm)
5 4.60 1.32 5.29 0.82 372.8 19.5
10 7.22 1.36 8.63 1.14 573.6 20.2
20 10.28 2.10 11.59 1.81 770.4 19.6
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3. &=do &y 9

852 Fotell @& riER o) Sabel gof H et were 0 =5 10,
20mmse} Al 7129 Aol Wistd fEF e ¥ AEao|de Ha}
At

Table 4ol Yetd FAEHE AH7F0 s, LX) dde $YYZ
°f ¥ATHELG 2 AT 848 E4Y 222 BT YAussneg
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o} o] Htstzel g £4MARES ¥(P/Pmax)E P =5mmal A
%032, £ =10mma] A% 041, P =20mmel 3§ 0.520]ch waba, P
7} Aess &hAe B3t A€ ¢ £ Uk ole P} eSS
FAUA % $HAFo] 2n FANYYY BIAE sojgch v, P

& a4e) gu) FAe AY vd x AW 2 AL =0mm)dlE
drble MMl &40 SUHD AW, kA WA e FH(P =
Smm)E x| Hgozgl AAE APE ¥+ Ak 2 H2eFA

A P8 2ol FAGe] A7 AE BMe) £44o] Heigo| gt

Table 5. Local stress of notch tip (by FEM).

Nominal Element stress{ kg/mm')
£ (mm) stress
(k¢/mm') 1 2 3 4 5
5 5.29 16.82 11.25 7.65 7.46 7.18
10 8.63 20.82 15.28 15.48 12.52 12.51
20 11.59 24.84 20.44 18.93 17.24 16.75
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(a) P/Pmax=0.32 (b) P/Pmax=0.72 (c) P/Pmax=1

Fig.7 Spread of damage zone (o = 5mm),
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(b) P/Pmax=0.70

Fig.8 Spread of damage zone (o =10mm).

48 50 52 54
49 51 53 ss
40 42 a4 46
a1
43 as a7
32 34 36 _
. ™
o
|
a3 as 7
<l
24 26 28
2\ /25 27
13 <
15 7
a1/ 16
<]

(¢) P/Pmax= H



57 s9 6 63
S8 58 60 62
a8 50 52 54
a7 49 st 53
40 a2 aa 4
a9 a a3 as
31 34 a6 - 38
32| 33 35 37
21 24 26 28
20 VAL
22 | 23 27 20
213 16 e
14 [ 15 7
<
6 8 10
7 ® "
3 L
2 P s
A A A

(a) P/Pmax=0.52

7 59 61 63 57 59 61 63
56 58 60 62 56 58 60 62
48 50 52 54 48 50 52 54
"
47 49 51 53 47 49 51 53
N
40 42 44 46 40 42
39 4 43 45 39 41 43 as
q A_
N 34 36 38 k1) 34
32 33 35 37 30 32 33 35
U 21 24 26 28 1 21 24
20 . 25 27 20 25
22 |23 29 A 22 |23
2] 13 16 -
14 15 17

(b) P/Pmax=0.73

Fig. 9

Spread of damage zone ( # =20mm).
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