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%%%%%%%%%%% Tetrahedron3D4Node %%% begin %%%%%%%%%%

function k = Tetrahedron3D4Node_Stiffness(E,NU,x1,y1,z21,x2,y2,22,x3,y 3,23,x4,y4,24)
1% bR 5T A5 R T (1 A1 54 e

Yo N BRVERE S E, YARALL NU

%HIAN 4 DT jvome n AR X,yi,zi,X),Y],zj,xm,ym,zm,xn,yn,zn
%yt B o NI BE R B k(12X12)

%
% LA T 4L b o0 R G R

% betai - bi

% gammai - Ci

% deltai - di

%i=14
xyz=[1x1ylzl;1x2y2z2;1x3y32z3;1x4y4z4];
V =det(xyz)/6;

mbetal = [1y2z2;1y32z3;1y4z4];
mbeta2 = [1yl1z1;1y3z3;1y4z4];
mbeta3=[1ylz1l;1y2z2;1y4z4];
mbetad = [1ylz1;1y2z2;1y32z3];
mgammal =[1x2 z2;1x3 z3; 1 x4 z4];
mgamma2 =[1x1 z1;1x3 z3; 1 x4 z4];
mgamma3 =[1x1 z1;1x2 z2; 1 x4 z4];
mgammad =[1x1 z1;1x2 z2; 1x3 z3];
mdeltal =[1x2 y2; 1x3 y3;1x4 y4];
mdelta2 =[1x1 y1; 1x3y3;1x4 y4];
mdelta3 =[1x1 y1; 1x2 y2;1x4 y4];
mdeltad =[1x1 y1; 1x2y2;1x3y3];
betal = -1*det(mbetal);

beta2 = det(mbeta2);

beta3 = -1*det(mbeta3);

beta4 = det(mbetad);

gammal = det(mgammal);

gamma2 = -1*det(mgammaz2);

gamma3 = det(mgamma3);

gamma4 = -1*det(mgammad);
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deltal = -1*det(mdeltal);
delta2 = det(mdelta2);
delta3 = -1*det(mdelta3);
deltad = det(mdeltad);
Bl =[betal 00;0gammal 0; 00 deltal ;

gammal betal O ; O deltal gammal ; deltal O betal];
B2 =[beta2 00 ; 0 gamma2 0 ; 0 0 delta? ;

gamma2 beta2 0 ; 0 delta2 gamma2 ; delta2 0 beta2];
B3 =[beta300;0gamma3 0; 00 delta3 ;

gamma3 beta3 0 ; 0 delta3 gamma3 ; delta3 0 beta3];
B4 =[beta4 00 ; 0 gamma4 0 ; 0 0 deltad ;

gammad betad 0 ; 0 deltad gamma4 ; delta4 0 beta4];
B = [B1 B2 B3 B4]/(6*V);

D = (E/((1+NU)*(1-2*NU)))*[1-NUNUNU 0 0 0 ; NU 1-NU NU0 0 0 ; NU NU 1-NU0 0 0

000(1-2*NU)/200;0000 (1-2*NU)/20;0000 0 (1-2*NU)/2];
y = abs(V)*B*D*B;
%%%%%%% %% %% %% %% %% %% % %% %% %% %% %% %% %% %% %
function y = Tetrahedron3D4Node_Assembly (KK k,i,j,m,n)
%01% B BSIE AT R T A R e 1) 2 2B
0% N\ F 7T NI B AR R Kk
%I AN FICHI T ST is j» myn
Ot R A I 2 R KK
%
DOF = [3*i-2:3%i,3*}-2:3%},3*m-2:3*m,3*n-2:3*n];
forn1=1:12

for n2=1:12

KK(DOF(n1),DOF(n2))= KK(DOF(n1),DOF(n2))+k(n1,n2);

end
end
y=KK;
%%%%%%% %% %% %% %% %% %% % %% %% %% %% %% %% %% %% %
function y = Tetrahedron3D4Node_Stress(E,NU,x1,y1,z1,x2,y2,22,x3,y 3,23,x4,y 4,24,u)
%1% BR H TSR B TC I N
Yol NS PERIE E, JAAALL NU
%N 4 AT i jv my n BARKR Xi,yi,zixNg,yj,zj,xmym,zmxn,yn,zn
%% N L TC I AL S B BE u(12X1)
% H FA T 77 stress(6X1)
Y% T B AWM B IE, M58 SxSy,Sz,5xy,Syz,Szx
%
xyz=[1x1ylzl;1x2y2z2;1x3y32z3;1x4y4z4],
V =det(xyz)/6;
mbetal = [1y2z2;1y32z3;1y4z4];
mbeta2 = [1y1z1;1y3z3;1y4z4];
mbeta3 =[1ylz1;1y2z2;1y4z4];
mbetad = [1yl1z1;1y2z2;1y323];
mgammal =[1x2 z2;1x3 z3; 1 x4 z4];
mgamma2 =[1x1 z1;1x3 z3; 1 x4 z4];
mgamma3 =[1x1 z1;1x2 z2; 1 x4 z4];
mgammad =[1x1 z1;1x2z2;1x3 z3];
mdeltal =[1x2 y2; 1x3y3;1x4 y4],
mdelta2 =[1 x1 y1; 1x3 y3;1 x4 y4];
mdelta3 =[1x1 y1; 1x2y2;1x4 y4],
mdeltad =[1x1 y1; 1x2y2;1x3y3];
betal = -1*det(mbetal);
beta2 = det(mbeta2);
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beta3 = -1*det(mbeta3);
betad = det(mbetad);
gammal = det(mgammal);
gamma2 = -1*det(mgamma2);
gamma3 = det(mgamma3);
gamma4 = -1*det(mgammad);
deltal = -1*det(mdeltal);
delta2 = det(mdelta2);
delta3 = -1*det(mdelta3);
delta4 = det(mdeltad);
Bl =[betal 00;0gammal 0; 00 deltal ;
gammal betal O ; O deltal gammal ; deltal O betal];
B2 = [beta2 00 ; 0 gamma2 0; 0 0 delta2 ;
gamma2 beta2 0 ; 0 delta2 gamma2 ; delta2 0 beta2];
B3 = [beta3 00 ; 0 gamma3 0; 00 delta3 ;
gamma3 beta3 0 ; 0 delta3 gamma3 ; delta3 0 beta3];
B4 = [beta4 00 ; 0 gamma4 0 ; 0 O deltad ;
gamma4 betad 0 ; 0 deltad gamma4 ; deltad 0 beta4];
B = [B1 B2 B3 B4]/(6*V);

D = (E/((1+NU)*(1-2*NU)))*[1-NUNUNU 000 ; NU1-NUNU 000 ; NU NU 1-NU 000
000 (1-2*NU)200;0000 (1-2NU)/20;00 00 0 (1-2*NU)/2];

y = D*B*u;

%%%%%%%%%%% Tetrahedron3D4Node %%% end %%%%%%%%%%
(QVENIWNR D W 2T 4 15 5 VYT 44 B8 o i) 22 (A1 3 234t (Te trahedron3D4Node)
W 1 FoR I — AN EUR, EAE R 2T ) FAER . 25T MATLAB ¥ 6, iTH

BT AR . R KB IGHIR )y . B K S8 E=1x10"Pa, 4=0.25,

F=1x10°N.

0.6m

B 1 Bk o

MR Pz AT A IR T M R T
(1) ZHEEEERS

KA B HCN 5> 4 35 R T A S.Te, oo S KO mid 5 AR I 4-22 fon, 3%

Bk R WK 4-8, T EALER LR 4-9.

R 4-8 PIUELRR



CHRTTAM KN) BN BRI TR R

Jil2g
e
:
2

LV TR
1 1426
2 1437
3 6 7 51
4 6 7 8 4
5 146 7
K 4-9 T IR
AR A AR (m)
X y z
1 0 0 0
2 0.2 0 0
3 0 0.8 0
4 0.2 0.8 0
5 0 0.6
6 0.2 0 0.6
7 0 0.8 0.6
8 0.2 0.8 0.6
R SR
a=[u, v, w U, v, w U v ]" (4-190)
T RSN
F=[0 OF F] Fo FoJ (4-191)
Hrp
0 0
F,=F,=|0 F=F=| 0
0 —1x10°N
YIRS R 15
R=[R] R} 0 0 Rl Rl 0 0] (4-192
o
R1x R2x RSx RGX
R, = Rly R, = R2y Rs = R5y Rg = RGV
Rlz RZZ RSZ Rez
SY:RNsE e cpdllic
P=F+R=R=[Rl RI F/FIR IR F F T, (199

(2) TEEBITH RIBESERE (UL E BRinE£Ar)
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T JG/E MATLAB S8 T, HASRVERLE E. VARALL NU, SRJG4EXTHI0 1 FEIT 2, &
WIH 5 Ykek¥ Tetrahedron3D4Node_Stiffness, mtnl LTSS Bt NIFEAEFE K1(6X6) ~
K5(6 X 6).
>> E=1e10;
>> NU=0.25;
>> k1 = Tetrahedron3D4Node_Stiffness(E,NU,0,0,0,0.2,0.8,0,0.2,0,0,0.2,0,0.6);
>> k2 = Tetrahedron3D4Node_Stiffness(E,NU,0,0,0,0.2,0.8,0,0,0.8,0,0,0.8,0.6);
>> k3 = Tetrahedron3D4Node_Stiffness(E,NU,0.2,0,0.6,0,0.8,0.6,0,0,0.6,0,0,0);
>> k4=Tetrahedron3D4Node_Stiffness(E,NU,0.2,0,0.6,0,0.8,0.6,0.2,0.8,0.6,0.2,0.8,0);
>> k5 = Tetrahedron3D4Node_Stiffness(E,NU,0,0,0,0.2,0.8,0,0.2,0,0.6,0,0.8,0.6);

(3) B L BAANIETTFE

HTZE AT 8 AR, WLEIER B ROy 24, Bk, 25 S B NI R R KK(24
X 24), Jext KKIEZE, X5 5 Ui H &% Tetrahedron3D4Node Assembly 335471 & 4 4 ) 20
&%,
>>KK = zeros(24);
>> KK = Tetrahedron3D4Node_Assembly (KK ,k1,1,4,2,6);
>> KK = Tetrahedron3D4Node_Assembly (KK ,k2,1,4,3,7);
>> KK = Tetrahedron3D4Node_Assembly (KK k3,6,7,5,1);
>> KK = Tetrahedron3D4Node_Assembly (KK ,k4,6,7,8,4);
>> KK = Tetrahedron3D4Node_Assembly (KK,k5,1,4,6,7);

(4) B 5 AR A E R R TR R AR
Hi K 4-22 wTLLEW, A 1. 2. 5.6 E=ATTRAEBENE, W
U=V,=W=U=V,=W,=U =V, =W, = Uy =V, = Q. BlItk, X753, 4. 7,

8 MINLABHEAT KM, T4 1. 2. 5. 6 AKX N KK AREHRIZE 1 2 6 17, 28 13 & 18
TR 126 %), 513 2 18 4], FM KK(24=4) i, B4 Kk, ARG A Bkt M 1 4 41
M5 p, FERA Y 2B T R, TER: MATLAB F ) SR AT 5\l e % i il 2
%o

>>k=KK([7:12,19:24],[7:12,19:24]);
>>p=[0,0,0,0,0,0,0,0,-1€5,0,0,-1€5]'

>>u=k\p

u= 1.0e-003*
0.1249 -0.0485 -0.4024  0.1343 -0.0715 -0.4031 CHs B HE AT
0.1314  0.0858 -0.4460  0.1353  0.0681 -0.4742 ks B HESAT]

HISE AT AR Y, IR AR 45 R WK 4-10.

R 4-10  E[RIBARRH S AL T AS

u, =0.1249X 10" u, =0.1314X10"
V, =-0.0485X 10" vV, =0.0858 X 10"
W, =-0.4024X10" W, =-0. 4460 10"

u, =0.1343X10" Uy =0.1353X 10"
V,=-0.0715X10" V; =0.0681X 10"
W, =-0.4031X 10"’ W, =-0.4742X 10"

(5) XRAIKITHE
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TEAS BN EEA R (115 R RS T, R W B2 T R it vl AT B R R SR 70 26
AR BRI S R S AR R R R AT H S (I EALE R R), 1 LA B
R HIRE U(24X1), FAREIEERARIEE TR, HEHIFARTT R P(24X1), #%5((4-192)
(RIS I 5 Z2 gl v LR B RS2 T
>>U=[zeros(6,1);u([1:6]);zeros(6,1);u(7:12)];

>>P=KK*U
P = 1.0e+005 *
0.3372  1.3774  0.1904 -0.4202  1.2892  0.4984 i 5 HERAT]
-0.0000  0.0000  0.0000 -0.0000 -0.0000 -0.0000 i 5 HERAT]
-04745 -1.3774 05604 05575 -1.2892  0.7509 [ B HE AT
-0.0000 -0.0000 -1.0000 -0.0000  0.0000 -1.0000 LK ZIHERSAT]

R (4-LO3) KT RE 6 R, T DA B R0 2 5 7 WA 4-11.

R 411 FRBURIISR I H S

R, =0.3372x10°N R,, =-0.4745x10°N
R, =1.3774x10°N R,, =—1.3774x10°N
R, =0.1904x10°N R,, =0.5604x10°N
R,, =—0.4202x10°N R,, =0.5575x10°N

R,, =1.2892x10°N R,, =—1.2892x10°N
R,, =0.4984x10°N R,, =0.7509x10°N

(6) FEITHIMAWE
P WAL AL B RE U(24 X 1) S B B oo i a8 2 B, SR )5, TR THSRE B T0 B g i B

¥4 Tetrahedron3D4Node_Stress, Al LATS 2] %A B IGHIN 714 & .
>>ul1=[U(1:3);U(10:12);U(4:6);U(16:18)];
>>stress1 = Tetrahedron3D4Node_Stress(E,NU,0,0,0,0.2,0.8,0,0.2,0,0,0.2,0,0.6,ul)
stress1=1.0e+006 *

-0.3574 -1.0721 -0.3574  0.6717 -2.0155 0 LK BIHERAT]
>>u2=[U(1:3);U(10:12);U(7:9);U(19:21)];
>> stress2= Tetrahedron3D4Node_Stress(E,NU,0,0,0,0.2,0.8,0,0,0.8,0,0,0.8,0.6,u2)
stress2 = 1.0e+006 *

0.0314 -0.8298 -0.9260  0.1649 -1.1170 0.0294 K 3 HE AT
>> u3=[U(16:21);U(13:15);U(1:3)];
>> stress3=Tetrahedron3D4Node_Stress(E,NU,0.2,0,0.6,0,0.8,0.6,0,0,0.6,0,0,0,u3)
stress3 =1.0e+006 *
0.4289  1.2867 04289  0.6568 -2.2301 0 [ AU HERAT]
>> u4=[U(16:21);U(22:24);U(10:12)];
>> stress4=Tetrahedron3D4Node_Stress(E,NU,0.2,0,0.6,0,0.8,0.6,0.2,0.8,0.6,0.2,0.8,0,u4)
stress4 =1.0e+006 *
0.1046  0.6272 -1.0012  0.3233  -1.4402 -0.5562 [ 51 HE AT

>> u5=[U(1:3);U(10:12);U(16:21)];
>> stress5=Tetrahedron3D4Node_Stress(E,NU,0,0,0,0.2,0.8,0,0.2,0,0.6,0,0.8,0.6,u5)
stress5=1.0e+006 *

-0.0179 -0.0060 -0.3636 -0.9083 -1.5986  0.4192 i 51 HE AT

BAITTR S BTHE S RIIER 4-12

R 412 ERIPUR RS HITN 70 BT S5 R
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o, =-0.3574MPa

o, =-1.0721MPa

o, =-0.3574MPa

z,, =0.6717MPa

z,, =—2.0155MPa

7,, =0MPa

o, =0.0314MPa

o, =-0.8298MPa

o, =-0.9260MPa

7, =0.1649MPa

z, =-1.1170MPa

7, =0.0294MPa

o, =0.4289MPa

o, =1.2867MPa

o, =0.4280MPa

7, = 0.6568MPa

7,, =—2.2301MPa

7,, =0MPa

o, =0.1046MPa

o, =0.6272MPa

o, =-1.0012MPa

z,, =0.3233MPa

7,, =—1.4402MPa

7, =—0.5562MPa

o, =-0.0179MPa

o, =-0.0060MPa

o, =-0.3636MPa

7,, =-0.9083MPa

z,, =—1.5986MPa

r, =0.4192MPa




