2T % F 4 M 7 & ¥ #® Vol. 27, No.4
1995 & 7 A ACTA MECHANICA SINICA July, 1995

S pE AL N RN PR R e

x| K
(P Tkt %R, Kk 300132)
BEE
(Aery 3k LR A%, LK 100044)

BT ST B R ER T AR AR B IS R AR I B N ) 4 78 RIB AR T
8T EEERRN IR, UMY 180° B, BIAHELHER Boussinesq [RJERY
.

x@iA KAF, EXRE RERE, R

51

ifllg

Yok 2 A ep T AR AR B R A — ) A BT L E A (. Michelll!) fRIRT
“HXBET SIS, Boussinesql!! T ZHEFIE, MM ZEF HEAK
B FrAETARBRBRRRAETRE REESNFELS RSN RRAEE
. {BaEr R 5 S BT R ) AR AR AE. — R ITEAME DA
B A AR, KBRS, X TREAZ KRE IR B, MHM
FEEULAIRENE. AHERFASPAINAE, b THRASLNERTRAHK, H
i Rl R A R T ek N X, EERERET « 1) —RMAW IR N AT TR
WHERASHE; 2) ERBEYLTTERMRIELMILMXE; 3) WERRBHIH
K. Gaol BT fE MR SR B REE R A K I7 12, T ELIY 7 4 20 A AR B
BRSBTS NARAEWATR, Gaol®l 447 T FHE AR TREMH
1 RIBE R, BEJE Gao Fl Durban!!l S48 H T 18 R 3 550 T[] 4 (R0 BB A P2
BEW EERPHIE, Gaoll FBAMIT BT T IELEHS Sh e R THRER
BRGNS RIEEIT N, AR —HWBEHR, HT Gao M Gaol® X4y
7T REFHESFERTHRERSE. ©HEHOR, BRRRBEZNSZEMN
FARERL T, HRWHEBEASTRANE. AR SO ] AR B AR i o
RTEZ P h e A HARM BT R N o BIERAT R it B, gk
RREFER, FHHRBMHREE.

1 EXRXRRAK

HABE - Z4RXE. & P, p AXEAEYRAKMLERE, X'(i=1273)

D BRARFEESENRE.
1994-01-03 W B —FKf, 1994-03-23 W BN,




416 bl # i R (1995 ) B 27 %

A Lagrangian 2845, {15 REAREE

aP op
P, = X Pi= 5% (1)
E XAETERE B
F=p,®P (2)

HERMAE, P AP, AR, ® FIFKIEE. Green fl Cauchy A
# D, d il
D=F".F, d=F FT (3)

Hep, TRREE. ATRLER D Ml d RAMERK AL
TESC 3] H Gao S5 HH T — By A RER BUB K

W = A[(I/KY*" - 3"+ B(K - 1)™K 9 (4,

e
I=D: %, K% = [p,pops]/[P1 P2 P3) (5)

E Jefisks, | |RARE\ESHATNEMESR A, B, m, ¢, n HERMBE
B XAFARESEME, BATEARENF

K

il

1 (6)

BeEt,  (4) BCA
W = A(I" - 3™) (7)

R AL REBR R W R AF (6) LA E] Kirchhoff [V 17

ow _ n—1 -1
o= 2-85 =2nA(I"""E +sD™") (8)
F& Cauchy ¥ /1 28
7 =2nA[I""'d + sE) (9)

Het, s ARFER HPERAE FEIER

(Pi%) =0 (10)

2 TR
B 1(2), B 1(b) 254 &+ 5 F R R EE 80 #EE.



% 4 X% SRR R T R A W] G R 2 A

417

(2) x)

M AT R AR

Fig.1 Couordinate and de’ormation patiern

WHERR RS, SRR - B, TEASHXTRRT - 8. RS2 HATEEA N 26,, ME
l(a) ﬁj]:fl:\. %[)\W‘]A/I\ Lagrangian ék\.b:ﬁ (R, 9» ¢)7 (7‘,9#9), Eﬁ%ﬂy/}%ﬁﬁ&%%ﬁ’ /Fé‘fg
R SFERAL, W& 1R, RIXZNEERMERIEYLRME, RITAWTL

AR EX LT

R=r*Ef(()

Hi, o, AREEE f9 ARAEH. 4

opP oP oP
—_ P —_ —_
B~ BR °= %6’ FT*~ %%
opP oP opP
Pr = — y P = —_— y —_— -
or Y 7 9y
_op _9p 9p
Pr= %, 6= 39 ¢~ B,
1 Py
er = Ppr, eg = EPG , €o = p o5
1 P,
€ :p'r7 €y = _pe bl eﬂ"——

(11)



418 H e ¥ il (1995 %) % 27 %

M (13), (11), (12) #1 (15), 18
Pr =rP{eg|(1 + B)f — ol f] — eealfy}
Py = THﬁ_a[eRf +eofy)
P,=r*Pfsing-eq
B (17) B HM A,
P = 2 P(erfy - eof)
P = Zrob U epal g+ (1 +6)] - alflee}
r—1-8

P?Y = .
fsing

€o

A
V= (1+8)1%

HE (2), (3), (14), (16), (11) jz {(:8), H148 Cauchy WAy
d= V _'27‘_2'6']61' Jer
+V 22 QPP + (14 8)f — ol f]* Yo @ e

FV 2B la¢ 252 — fl(1+ B)S - alfTHer @ s
CZ

+eg ®e,) +r2a2h. Fron? g e,
A
U= f-2 + f2g2
/i (5), (12)—(18) #1 (20), 13
I=r"#y2y, K=rt%y2Q?
A ¢
fsing
MAREEAEMRL i (6), (19) K (22), HATHE
)
= EIB
Sy -
gsing

H (9), (20) F1 (22), 155

T = 2nArM(V-2U)""'d + 7 E|

(17)

(19)

(26)



%4 M X B BPORMER TR EERE AL 419
K
A=20n (27)
d =r?d (28)
o =r¥ng (29)
RIEEF N F WEAEROER, RITTUER
7T~ ,’_—2(1+a) (30)
Hi, H (26), (27), (30) & (24), 1B FI
A=28n=2(1+a)= 2:’_‘3
3
a= (31
2
p= 2n—3
TRITEN .3 1 & 1 a\
(\675; - ;13955 -5 ;gm—oe,p%) -T=0 (32)
3 SiRTH
AT EBER IR RHHETE 2 8 Fr .
fiE, BATHIA—FHERZLIFR (0,¢ )
KRR ZNEHEE, BS (r6,0) BIX K
EY))
¢ =6/
a o? o
1]:7‘(1-!—592-*-?044'@064‘"')
p=¢ ¢
(33)
FTLAIERH (n, ¢, ) HIEZCAIR A
MBE ¢ = const BEIH n,¢ BIRL 2 n¢ %4
miE 2 PR, BT IESERMEGE 6 FEH /N Fig:2 n,¢ coordinate
B LA SR AT TR ARA B B2 4
r= n[l - 5((?7")2] (34)
0=¢(n*
B (34), B
P, =e, +afey , pc =" (—abe, + ) (35)



420 H 2 = 1% (1995 %) % 27 %

&
»"=p,, Pp‘=n""p,
e, =e, +afey , e; = —ofle, + ey
e, =e, —olne;, eg = alne, + e

B (38), (34) RN (20), EATRE]
d= 7PV 2[Ue,@e,—1*(1 +B)fflec ®e,+ e, @ ec)

+7* (1 + B) fPec ® ec] + 1** " Q%, @ ey,
WY (39), (34), (28) 1 (26), 18 (n,¢,¢) 4R T Cauchy LA L7
7 = 2 Ap~ A (V2)" + o) ‘
T4 = A PV 20U N1 + §)2f2 + o) l

PP — 2n‘4n—A[n2a(V—2U).c—lQ2 N 5.]

T = =2n ATV I 4 B) f f

4 FEHRRIEE R

(P"z% +PC§€: TP‘P%> T=0
ATERIFEIRENELZER, RNTETIXREKL
% = a(l+a)(n* e, %" = (1+a)nec, ?afnf =0
S = —a e ey, S ——(+ae,, SE=0
%—cg = (1+a)n%e,, % =€y, a{,\i(: = —e¢ — (1+ a){n%e,

R (36), (37), (42) F (41), FAVER

orm 1 arén N 2(1 + @)™ — (1 + a)(7¢¢ + 7%¢¥) 1 76

an +.,)a+1' ac n et ¢ T
OTss 706 — ee
+ =
¢ ¢
EEF (40) K (31), F& (43) #t— 0[5l
d7¢n TN
4+ << PPY —
ac 1+ c (14 a)(T +T¥*?) =0
RYASS

1
T 4 (TS T —
dc +C(T T#¥}=0

(36)
(37)
(38)

(40,

(42)

(43)

(44)



% 4 M X A B AR T AT SRR Rk 421
HA
T™ = 2nA[(V=2U)" + 3]
T¢ =T%% = 2nAc (45)
T = ~2nA(1+ B)ffV 20"
(44) B F =M H
T =T"=0, 4 0=¢H (46)
H (45), (44) 1 (46), 153
=0, T =0 (47)
I (47), (45), (19), (21) F0 (25), W&
f = fo = const (48)
gsing f_3 o A
G 3_ 5~ H = const (49}
U=fy*, V=0+8553 (30)
¥ (50) fRA (45) B—=. WM&
T = 2nA[(1+ B) fo] 2" (51)
it HE Ak L F
F=2n / (77" cos 6 — 77 sin B)r26d0 = 2xT" / ¢d¢ (52)
W% (49) K (52) LK
™ e 2
F = %T"” /2 ’ sin 646 = %T"”(l — cos 6g) (53)
¥ (49), (51) RN (53), I fR18
F -B/2
Jo= [471'An(1 — cos (90)] 1+ ﬁ)—(l+ﬁ) (54)
H (49), (54) A F%
2 F <1
cosg=1-— % . [471'An(1 o 60)] 1+ ,5)2(1+a) (55)
T ¢ B BRE N
o = V2. (1 + ﬁ)—(1+a) [4:;11] —a/2(1 — cos 60)(1+oz)/2 (56)

5 R R

FEEFORMEAT, REERNEREEB TR, REMICL TR MA
HRLAPRES, BY 777~ rm204e) 776 0 780 0, RANF/NEIBIELL, Bl 77~ rt, 170 =



422 # ¥ = # (1995 %) % 27 %

7 = 0. WERRKR : §TEN T RZIELF = ERER.

AP R—IEHEESE, BTG EEX RO FER. ERIW
¥ R RS (B 3 BiR) AP HHMERT, HEREEN NN
HPRBIXANEER, Bl f = fo = const. XHEBIBREMK, RITTRILEXRRN

R=r"*Pf((,p)

6=g(Cy), (=0/r (57)
& = h(¢, ) "
Y

j P
(a) (b)
B 3 JEnesti

Fig.3 The case of non-revolution cone

FERE BRI AR R, HRNBMERE FEFEMOR RN LREE
9 _, % _,
o~ O

Bl f = fo = const, FLEHMT34R Hy B 1 faL {1 B ST AR S

YRz E T EFERN, RERIT AR AREFRAER, KEER 5
Bk s b 1.

(58)

2 F X W

1 Michell JH. Proceedings of London Math. Society, 1902, 34: 134

2 Boussinesq J. Application des potentiels & 'équilibre et du mouvement des solides élastiques. Paris:
1885

3 Gao YC. Elastostatic crack tip behavior for a rubber-like material. Theoretical and Applied Fracture
Mechanics, 1990, 14: 219-231

4 Gao YC, Durban D. The crack tip field in a rubber-sheet. to appear in European J of Mechanics,
1995(A)

5 Gao TS. A rubber wedge under the tension of a line load at its tip, C.R. Acad. Sci. Paris, t. 318, Série
I1, 1994: 1-6

6 Gao TS, Gao YC. A rubber wedge under the compression of a line load. Int. J. Solids & Structures,
1994, 31: 17, 2393-2406

7 Liu B, Gao YC. A rubber cone under the compression of a concentrated force. Int. J. Solids &
Structures, 1995, 32(11): 1485-1493 '



% 4 X B B AR T 6 A AT RGBSR 423

A INCOMPRESSIBLE RUBBER CONE UNDER
THE TENSION OF CONCENTRATED FORCE

Liu Bo
(Department of Power Mechanical Engineering,
Hebei University of Technology, Tianjin 300132, China )

Gao Yuchen
(Institute of Mechanics, Northern Jiaotong University, Beijing 100044, China )

Abstract This paper analyses the stress distribution and the deformation pattern near the
apex of a incompressible rubber cone that is under the tension of a concentrated force. The
asymptotic mathematical solution to the stress field near the apex of the cone is presented,

when the cone angle is 180°, it turned out to be the non-linear Boussinesq’s problem.

Key words large deformation, non-linzar, rubber-like material, singulazity



