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Strength of B/Al Estimated by Computer Simulation Based on Shear-lag
Theory
Hideharu FUKUNAGA and Yoshihiro TAKAHASHI
Synopsis :

The computer simulation method based on the shear-lag theory was proposed to predict the tensile
strength of the unidirectional ceramic fiber reinforced metal composites, in which the elastic-linear harden-
ing behavior of matrix was taken into consideration. The boron fiber reinforced aluminum composites were
prepared by hot-pressing technique, and tested to check the tensile strength. The average strength of the
composites (V,= 11%) showed the good agreement between the predicted value and the experimental value.
By using the simulation method, the size effect of the fiber reinforced metal was predicted. There was
very small effect of inter-fiber spacing on the average tensile strength, but the average strength of compo-

sites decreased slightly with increase in number or reinforced fibers.

Key words :

composite materials; fiber reinforced metal;

computer simulation; shear-lag method ; boron

fiber ; aluminum ; hot-press ; tensile strength ; Weibull distribution ; size effect.

1. #

HE, EASEHRILSE (LT FRM L v9)) id, fit
e, HBE, EERNIELEL 05T,
B, LeRE, WHEEREME, WIBRBEMEL SICER-ME T D
SHGERMEE LTHIfE SR TwD, ZhzoH L TE
B & BRETT A I BEM R 1T B3 A AR FE AT
ETHA.

FRM DOfi#E I, —fKIC MO RGN T, £
DREAD= + ) v 2 AHPHERLT 5 &) BESRE
XNEEBEMTICES. JO XD oBERR R TN
L CFOFEDR LY HL -85 1E, Harcow- Proenx?

%> Smrre®, Batporr® 5@ FRP # &% & LMD H
BOXRT, < Y v s ANGHEBEARTHS FRM IZxF L
TRIBEALEETHLOHFBIKTHAS. FRM 2~ +
Yoy 7 ANEREICECOT, SEBKICX - TELLN
L OERIEHTAH I LI s TFEH O ITO LS.
2 LR oM, StEREHwWEY TS
VaYIalb—2a YBEBRFEY O—2ThHELEE
b,

il

AWEFeciE, V79 FEGRICEDS CHEAMNR RN
FEHT % 2= % BV - BUEETE I X o TITV, BEEEM
MU DOBHEDIDNEFEZETH L LB, <)y
7 2D AWEREICEELEE ) AT FRM @
A ETEM ETHRET A L xR ke, —F, Ko
/TN = A—HABEEREM LRy DT L AEEE
HoriifEaEc ko TiEL, ThEETMMEL
TZDBEREBER L Y Iab— Y a VERTHET S

ZriED, YIalb—Ya rFHRoORLEEELRL.
Kiz, Ry 3alb—varyFEYHVWT, FRM 0@

RS ERR R R ERERIC L > TEHliL 2 0T
Hb.
2. YIalb—arhH&E
2-1 T 7T FHEOEMMEL
RKyIalb—Yartid, UToZezERELL. %
3, ﬁwmﬁmﬁﬁuzﬁﬁ$~vf7w}ﬁc%7%
DETH, I, BREFENICBVLTIRIENIZ—ETH,

ﬁ%%%d%®¢%fﬁ%76b®k15.%:k,ﬁ
OFEESEME, S22 TR EL, < b v 2 RiE

AEf0 63 4 3 A H A

WCRFE BB 63 4 12 A 16 HZ{+ (Received Dec. 16, 1988)

* JFEASET#E T8 (Faculty of Engineering, Hiroshima University, Shitami Saijo-cho Higashihiroshima 724)

2 LERKETH

] (B : v~ (#)) (Faculty of Engineering, Hiroshima University, Now Yamaha Corp.)

— 324 —



RO ABMEBIET VI 203 7S FRICESCEERMED S I 2L -2 a v 1739

j-1

d u;
T—Tt——TT Fiber element
. FGi.))
ul
S R .
j-1
- —uji =
_____ SN N S I N

Matrix element

i My Hyl MCi,i)
MY 49 /
H Hul - = j i
! Yi Uia
Fig. 1. Simulation model.
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Table 1. Simulation parameters.
Type of test
Parameters
A | B | ¢

Elastic modulus of fiber E(GPa) 392
Sectional area of fiber A {mm?) 0.0154
Shear modulus of matrix G(GPa) 25.7
Thickness of composites & (mm) 0.142
Inter-fiber distance d{(mm) 0.126 0.123 0.202
Number of fibers K 30 30 15
Number of links per fiber N 19 20 15
Gage length (mm) 29.7 30.9 29.9
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Fig. 3. Effect of link length on the tensile
strength and coefficient of variation.

— 327 —



1742 g o @

& 75 48 (1989) £ 9 &5

Table 2. Specification of specimens employed in
the experiment.

Type of Number Number |Thickness| Width Inter-fiber
test of specimens | of fibers (mm) (mm) distance (mm)
A 16 30 0.378 9.06 0.126
B 17 30 0.748 8.99 0.123
C 19 15 0.362 8.92 0.202

Table 3. Comparison of tensile strength between
experimental value and simulated value.

Experiment Simulation
Type of test Avera
ge 9 Average
strength (GPa) Cv (%) strength (GPa) CV (%)
A 2.97 4.99 2.98 3.58
B 3.00 4.77 2.96 3.40
C 2.95 6.52 3.01 4.58
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Table 4. Effect of number of fibers on the weibull
parameters.
Number of Shape parameter Scale parameter
fibers m Uo? Pa
4 12.189 3.687
7 16.491 3.610
10 18.004 3.530
13 16.611 3.507
16 24.449 3.463

— 329 —



1744 % L 8 & 75 4 (1989) £ 9 H

40
e
o
5‘35 —e ° » ® —
o
® 30
. B
(]
]
- 28
0 02 0.4 0.6
Inter -fiber distance mm
Fig. 7. Effect of the inter-fiber distance on the

tensile strength.

7, Fig. 7 12 FRM 05 | 5R5R L 12 B 3§ dkoAE [ B e o
EEIIOWTHANIERYRT. ToL &, BRI
FNT—%E (10 K) & L7, Thhb, #HEEESEH
Thbo THMMBENDTIHEOBMEIC ST EBLA W
Ehbhs. Loz ka»s, FRM O~FiERhE
HarLow-Proenix 5 FRP 45 B4 ciciiE L7z &3
12, BRI X ARENKE L ERETFChHL DL
Eibhb.

RIZ, EEMOERE —F L L, MHEAE L MR
BEAEZ DT LICL o THIfEARREER V, I2fE) FRM O
S ETFHL . ZoRR% Fig 8 1R, VA%
THEBHEDOZIFOMENKT A0, BEMOM
EREASEITTFHEI L -2ELSEA I ThAE 2 E05hh
B, IO V,OBMIMCKXHEENMET, EdRLAX)
W2, SHEARBR DR KIC X B M O R/AMESG A O IZ X
LEBNHSDRLTWS LIRS NS,

5 &

7o T AV, BEMKEDAL O oS
*EEBL, WHREEILTs< ) v 7 A% b FRM D
TR R ESEIC K - TEHETAFEERL,
Ta vRERE, BNCHSIL 72 B/Al EEMOFRAERR
BrelB L. £/, YIab—v 3 ril&ksd FRM
OTEFREFPRAE L. ThoOER2FTLOLHERD
EBYTHSD. '

1) Ky Iab—Ta YFEEEAGH»OHM LM
W DMESAF D LICL D, FRM M0 THfE

i

¥Ial—

— R.OM.
—o— Simulation

| A

Tensile strenth GPa
N

0 02 04 06 08 10
Volume fraction

Fig. 8. Effect of the volume fraction of fiber on
the tensile strength.

HPKERMNEHEROFELBHRT A LA TE
5.

2) EBICXhiE, 4hloEEFHPAAN T FRM IS
BT R B L OCHHMERORZE I 2w,

3)Y3al—Ya viIZXhITHMEMNREY €L L,
WAL ML 72 & 2 A, FRM OF[5R5E O T HlifE
FIRA A Uiz, $70, BHEARE % E e Ui R B R
FHMESCGE, ZOFRMEIRITE A RIS
Moz, Thh S FRM OFERRISHEHA T oM
L AWRHFEXRRTTHD LA S NS,

4 ) MHMEARTEFE OB S FRM 05 [5RIEHEE & Tl
L7z R, #oHBIEARDOHEA IS TRAMANIC
Hot. TRETEHROZERT & A% & nilBHER
BICLAHMEFZORTEREEZEZONS.

RIFZEFATICH 20, —EIEA 61 4FEE ARt
FEB — MR e (B)ﬁﬁﬁ%ﬁﬁt.ﬂbf%ﬁ%%?.

X 73

. G. HARLOW and S. L. PHOENIX: Int. J. Frac., 17 (1981)
p. 601
. L. SmitH: Proc. R. Soc. Lond., A 372 (1980), p. 539
. B. BATDORF: J. Rein. Plas. Comp., 1 (1982)4, p. 153
WATERER, MRS, BHE BAREBFRES
(1984), p. 1028

B B, BEEE,

p. 280
6) K. P. On: J. Comp. Mater., 13 (1979),

I HERR: AR, 34 (1985),

p- 311

— 330 —



