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The Interface Model and the Interphase Model for Predicting the Effective
Elastic Properties of Nano-Fiber Composites

CUI Chunli, XU Yaoling
( Key Laboratory of Mechanical Reliability for Heavy Equipments and Large Structures of Hebei Province,
Yanshan University, Qinhuangdao, Hebei 066004, P.R.China )

Abstract: The effective bulk modulus and the effective in-plane shear modulus of nano-fiber composites were investigated
with the interface model and the interphase model based on the generalized self-consistent method, and the closed-form
analytical solutions of the effective bulk modulus and all equations for numerically predicting effective in-plane shear
modulus based on the 2 models, were presented. With the interface model, interface effects of the effective bulk modulus
and the effective in-plane shear modulus were discussed through numerical examples. Furthermore, the solutions of the
interface model were proved to be degenerated ones of those of the interphase model, where the effective bulk modulus can
be obtained through analytical degeneration and the numerical results of the effective in-plane shear modulus through
numerical degeneration. An example of aluminium containing nano voids shows that, the effective bulk modulus and the
effective in-plane shear modulus predicted with the interface model have large deviations from those with the interphase

model for small void radii, however, small deviations for larger void radii.
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Fig. 1 Two models for predicting the effective elastic properties of nano-fiber composites: (a) the interface model; (b) the interphase model
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Fig. 3 Variations of the dimensionless effective bulk modulus and the in-plane shear modulus with the fiber rigidness
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shear modulus u>/GPa 26.75 26.61 21.19 23.46

P 4 7] DL, X SRR Y, 55 T AL EAR B RS R A A AR e e LR AR 5 /N A I i 25 ) o,
55 0 235 R 2 AR /I LI AR 55 /N, S T AR TR i 445 S 5 AL o A A IR (g 465 R 22 1 B ., LR LI 242
AR /)N 25 91 A R I8 3, ) T A AL TR (A- {1113 R, ESt = 5.715 N/m), St IR0 FUI0 (14) A RAORE i v T L
AHBR 25 5, (B0 67 () LTRSS (B- {100} HL[H], EST = —15.164 1 N/m), S AR50 T30 () A3 S0R6EF A1 T S i A A 76
FRI45 S B2 FLITA AR A3, WA AR R () 235 SR B BT, AT T 0 L sk v i A 225 51
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Fig. 4 Results comparisons between the interface model and the interphase model
4+ >
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B A
af kiR¢ - af Rp — Pk C) Ry + aMC Rp+ B™ C1 /Ry = 0, (AD
P (1-C3)+a™ (1= C3)+b™ (1+Cy) /R —ab —af + 57 C4/R2 = 0, (A2)
@ kmRm — @Ry = b™ /Rin — 5™ CokemRin + @S CoRin + 6T Co /Ry = 0, (A3)
a7 R +a"Rin +b™, /Ry = d§™Rin — a5 Ry = b /Ry = 0, (AD)
3ab R} + b8 Re+d™ k1 [Rp = 3aTC1 R2 = BC R = 0, (A5
™ (C3=2C4—1)/R? +aB (1-3C3 —6C4)R? +b™ (14+3C4) [RE —al R2 —B™Cy = 0, (A6)
@™ ki /R — 3a0 R, — b Ry — ™} Cokem /R + 5™ Co R = 0, (AT
™ /R +3aT Ry, + b7 R — a7 /Ry = b Riy = 0, (A8)
abkiR? — akmC1RY —a™ C1 /Ry + 6™ C1 /R] = 0, (A9)
3a3 (C3+2C4 — )R} +a™ (2C4 = C3— 1) [RE +(C4 — DB +3a5RE +bf - 3™, C4/RE = 0, (A10)
A kmRy, +a™, [Ry —b™ /R, — a0 Ca R + b2 C3 /RS, = 0, (A1D)
AP RS —a™ [Roy + D™ /RS, + ™[Ry — b7 /R, = 0, (A12)

X, C1 = pp/pms Ca = ptm/ptem» C3 = ESt/(QTmRy), Ca = EST/(4umRy).
Mi% B

a(ll)KiRi - a(ll)Ri - b(_')l /Ri— 0(1” giis1ykisi Ri + a(1'+ DgiisnRi+ b(_';r Ygiis1)/Ri =0, (B

a"Ri+d"Ri+ 0" /R —a*VR; = a"VR; ~ b TV IR, = 0, (B2)
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a?) /R; +3a(’>R3 b(’)R a""V/R;~3a (’“)R3 b(”l)R =0, (B4)

PR3 +a Ry~ b IR =i Vg i RS = a Vg Ry + 5T Vg /RS = 0, (BS)

R~ 1R+ b0, 1R — VRS +a D R, - bV RS = 0 (B6)

A gien) = wilinr, al) = af) =) =0 = 0,i=1,2,3.
MR

C

A5 G T A AR A rp R T AH Q5 1Y) Poisson Hovy = 0, B E) = lim,_yg E— , t=R,—Ry N S AHJE . 24 S A JE B 4 i
F 0 B, A EAQ AT E e, = 0. TEMLIF LT, P‘ﬁ/\*&éiﬂ*ﬁ?ﬂ’ﬂﬁﬁjﬁ%ﬁﬁ% C1 Fii.
FC1 FLRERAN R AT o A% R £

Table C1 Conespording symbols in the interface model and the interphase model

interphase model

interface model

Ri,R3

C1,C3
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