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1.1 WHNEREERLTS

RIS B ST R B SREAT S B S ek B W(F) RAE, HP F = ox/0X 2B IEHB L.
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MIZEER A E SR (2) , AT BN SRR
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g = () '(3ph* - 3jh - jI) . (21)
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)44 SO ) R 75 e e D LIS TR R T 3 TR TR B B i 2R L3R 1.
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Table 1 The data of uniaxial test and plane-strain extension test
uniaxial tension plane-strain extension uniaxial compression
h(=1nA,) o, /MPa h(=1n2A,) o, /MPa h(=1nA,) o, /MPa
0.054 5 0.085 7 0.1380 0.253 1 -0.054 5 -0.061 0
0.112 4 0.169 3 0.1823 0.3376 -0.112 4 -0.136 3
0.175 6 0.263 5 0.235 1 0.4320 -0.175 6 -0.2221
0.2390 0.368 9 0.286 7 0.5362 -0.2390 -0.291 9
0.310 4 0.492 7 0.3429 0.653 4 -0.310 4 -0.371 4
0.390 7 0.635 4 0.411 4 0.788 9 -0.390 7 -0.480 5
0.478 1 0.807 9 0.476 9 0.940 0 -0.478 1 -0.568 0
0.570 4 1.005 1 0.548 1 1.1152 -0.570 4 -0.695 1
0.662 2 1.2399 0.629 1 1.3253 -0.662 2 -0.802 1
0.751 9 1.507 6 0.706 1 1.551 4 -0.7519 -0.894 4
0.8351 1.797 9 0.779 3 1.798 3 -0.8351 -0.984 0
0.918 7 2.132 4 0.849 7 2.0729 -0.918 7 -1.085 8
0.988 1 2.467 6 0.914 7 2.367 3 -0.988 1 -1.166 8
1.0557 2.8379 0.973 0 2.661 6 -1.0557 -1.2590
1.117 1 3.232 4 1.027 1 2.977 6 -1.117 1 -1.3258
1.170 9 3.639 1 1.076 0 3.3100 -1.170 9 -1.377 1
1.218 8 4.064 5 1.121 4 3.6323 -1.218 8 -1.420 1
1.2599 4.474 1 -1.2599 -1.443 6

3 WUE SRS

R B i) 7 A R BT DRI 22 = OB SR AR (B T A 2 AN (14) B /R 19 4> — 2 pR K
S(h) Al g(w) cENMBpB=REIRAH, H—BREXS W[ 14 ], X B & 1 R 25
R A BT A E G P A HESR A PR AL B3 (17 ) f5e 28 T A 31 B oK 1 i S22 Al sk 24

F f(h) Mg (@) WA (15) M(16) ATFFE] w, Mlw, , izl (17) w215 — 1
ZHH R W

ARSI TE ANEN ) o, Bl oy L K e, Bl e, SEUTIAS A TS 0] (4 BLA [1]
R, ML) i e Y JON T E H 7 1], 33 A A R — N IESS I — 3, 3L A, MIA, ST P
INETT 1 B, BT AN AT ERGETE , Bl 7 ) B EE — In(A A, | A5 BVRSTEAR B AN
skEA I B,

A, O 0

F=| 0 InA, 0 e e, (23)
0 0 -InA,A,
[0, 0 0

=0 o, 0|e,Qe. (24)
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(a) Spline interporlation of unixial tension (b) Spline interporlation of
and compression test data shear test data
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Fig.1 The result of spline interpolation
R2 ISR EIEERI L ()
Table 2 The contrast of the computed result and the test data (a)

test parameters test data computed result
2, A o, /MPa o, /MPa o, /MPa o, /MPa
1.90 1.07 1.362 0.480 1.412 0.524
1.80 1.25 1.254 0.617 1.336 0.684
1.70 1.39 1.176 0.79%4 1.222 0.841
1.60 1.51 1.068 0.941 1.099 0.987
2.40 1.04 2.117 0.510 2.234 0.707
2.30 1.25 1.980 0.755 2.174 0.789
2.20 1.43 1.882 0.960 2.021 0.937
2.10 1.58 1.754 1.156 1.845 1.087
2.00 1.71 1.637 1.294 1.657 1.226
1.90 1.82 1.529 1.421 1.488 1.369
2.80 1.02 2.852 0.559 3.033 0.942
2.70 1.28 2.715 0.882 3.064 0.909
2.60 1.47 2.577 1.107 2.922 1.059
2.50 1.64 2.440 1.333 2.723 1.227
2.40 1.80 2.254 1.499 2.510 1.424
2.30 1.91 2.107 1.617 2.296 1.582
2.20 2.03 1.980 1.803 2.092 1.777
2.80 1.76 3.087 1.480 3.524 1.403
2.70 1.91 2.930 1.686 3.261 1.591
2.60 2.05 2.773 1.872 2.995 1.802
2.50 2.18 2.617 2.068 2.737 2.030
2.40 2.28 2.450 2.234 2.496 2.230

M (23) ((24) F130(18) ~ (21) TG HH A0 T 45
p=aln(AA,) - bgy, (25)
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o, =aln(ATA,) +b(g, — &), (26)
g, =aln(A M) +b(gy —g5), (27)
Horp
&n :jgl(3j21n2)‘1 = 3j;ln A, _Jg)a (28)
E»n =j2_'(3j21n2/\2 - 3jln A, _]i) ) (29)
833 =j2_2[3j21n2(/\1/\2) = 3jIn(A,4,) _Jg] (30)
F3 HEARGTREIEXTLL(b)
Table 3 The contrast of the computed result and the test data (b)

test parameters test data computed result

A A, o, /MPa o, /MPa o, /MPa o, /MPa

2.40 0.69 1.970 0.055 1.973 0.047

2.30 0.76 1.793 0.183 1.838 0.113

2.20 0.83 1.637 0.222 1.709 0.194

2.10 0.90 1.519 0.291 1.584 0.276

2.00 0.96 1.450 0.340 1.476 0.409

1.90 1.02 1.294 0.414 1.378 0.505

1.80 1.09 1.176 0.443 1.276 0.509

1.70 1.17 1.058 0.470 1.168 0.569

1.60 1.24 0.960 0.588 1.052 0.634

1.50 1.33 0.823 0.676 0.936 0.735

2.80 1.07 2.734 0.598 3.098 0.861

2.70 1.11 2.568 0.637 2.910 0.815

2.60 1.16 2.411 0.686 2.726 0.797

2.50 1.21 2.244 0.725 2.542 0.797

2.40 1.26 2.087 0.774 2.361 0.811

2.30 1.32 1.940 0.843 2.187 0. 845

2.20 1.38 1.793 0.882 2.019 0.891

2.10 1.45 1.666 0.951 1.856 0.958

2.00 1.53 1.558 1.019 1.698 1.044

1.90 1.61 1.441 1.098 1.545 1.141

1.80 1.70 1.323 1.186 1.399 1.259

2.80 1.58 2.979 1.215 3.476 1.203

2.70 1.63 2.793 1.264 3.218 1.239

2.60 1.70 2.617 1.333 2.974 1.308

2.50 1.76 2.430 1.392 2.737 1.375

2.40 1.84 2.264 1.470 2.511 1.480

2.30 1.92 2.117 1.568 2.296 1.598

2.20 2.01 1.970 1. 666 2.093 1.743

2.80 1.94 3.116 1.764 3.555 1.640

2.70 2.02 2.920 1.842 3.267 1.754

2.60 2.09 2.724 1.921 2.995 1.868

2.50 2.18 2.577 2.038 2.737 2.030

2.40 2.20 2.372 2.146 2.497 2.210
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Jo =1In°A, + 1A, + In’(A,A,), (31)
Ji=1nA, +1n°A, —In*(A,A,) . (32)
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M ERFEATHEIEN T o), Bl o,  AERXS LG $8ECE 0. 1 BT S5 R 5 S0 8s
H T3 2 3R 3, 48k (ST SR M U A e X AR A k= 0. 1 R EAEE
{8, RPN ORAR) Sk Re 5 .

FBEIXT L 2 7R .
2.5 2.5
+ test datad | . + test datad | -
o computed result e o computed result
2.0¢ P b 2.0} P
1.5+
& P g 1.5
210 I S
s | . T*i%eo0o00” 1.0 P ®
+ 4 . o
0.5
0.5
0F ®
L L L L L L L O L L L L L L L
0 1.0 2.0 3.0 4.0 0 1.0 2.0 3.0 4.0
o,/ MPa o,/ MPa

B2 A SR L
Fig.2 The contrast of the computed result and the test data
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Explicit Form of Elastic Potentials Matching General
Biaxial Test Data for Elastomers

LI Hao, ZHANG Yu-yu, XIAO Heng
(Shanghai Institute of Applied Mathematics and Mechanics,
Shanghai University, Shanghai 200072, P. R. China)

Abstract: A direct approach was proposed to construct elastic potentials that exactly match
uniaxial data and shear data based on spline interpolation. Explicit expressions were presented
toward bypassing complicated numerical procedures in identifying unknown parameters. Pre-
dictions for the two normal stresses of biaxial test were derived and compared with Rivlin and
Saunders’ data in 1951. Good agreement was achieved.

Key words: elastomers; elastic potential; logarithmic strain; spline interpolation; general bi-

axial test



