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The system: Fragments (left) and bonding state and fractures (right)
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$pisatrel=zeros(13,41); % 13 cause for har satr , 41 meghdar az sefr
ta 4
$pikol=zeros (14,41,14); % pikol (pl, , p2) tasir pl bar p2; pl:p2

x=0:0.1:4;

5866886886868 6688688&68&868§86&868&&&8&&&&&E&S mosalasi
no=trimf(x, [-1 0 1]);
weak=trimf (x, [0 1 2]);
medium=trimf (x, [1 2 3]
strong=trimf (x, [2 3 4]
critical=trimf (x, [3 4

)I
)7
51);

figure
plot(x,0.05*no) ;hold on;
plot (x,0.2*weak) ;
plot (x,0.6*medium) ;
plot(x,0.1*strong) ;
plot(x,0.05*%critical);

%*************************************

na=0; % number of NO interaction set

nb=5; % number of weak interaction set
nc=25; % number of medium interaction set
nd=55; % number of strong interaction set
nf=15; % number of critical interaction set
sn=na+nb+nc+nd+nft;

DS w N RO

o

o°

another=min (1,

(na/sn) *no+ (nb/sn) *weak+ (nc/sn) *medium+ (nd/sn) *strong+ (nf/sn) . *critica
1)

sfigure

plot (x, ABCDF)

% hold on

plot (x,another, 'r', '"LineWidth', 3)

grid on

title('P8:14", "fontsize',14);

%pikol (1,1:41,4)=another(1,1:41); % pikol(p, 1:41, shomareye satr )

%************************

o\

%save ('C:\Users\Azita\Desktop\first method\new
result\satrl', 'pisatrel')
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cause=0:56;
mf2=zeros (1,1569);

for jl=[6 25 40]

J1
for j2=[6 25 40]

% j2

for j3=[6 25 40]

for j4=[6 25 40]
for j5=[6 25 40]
for je=[6 25 40]
for j7=[6 25 40]
for j8=[6 25 40]
for j9=[6 25 40]
for J10=[6 25 40]
for jll=[6 25 40]
for jl2=[6 25 40]
for jl3=[6 25 40]
for j14=[6 25 40]

test=x (1) +x (32)+x (33) +x (34) +x (35) +x (§6) +x (37) +x (38) +x (§9) +x (310) +x (31
1) +x(312)+x (313)+x(J14) ; $+x (715) ;

o

]

prob=pihasatrel (1,jl) *pihasatrel (2, j2) *pihasatrel (3,]3) *pihasatrel (4, 3
4) *pihasatrel (5, J5) *pihasatrel (6,j6) *pihasatrel (7,37) *pihasatrel (8, j8)
*pihasatrel (9,39) *pihasatrel (10,310) *pihasatrel (11,j11) *pihasatrel (12,
j12) *pihasatrel (13,3j13) *pihasatrel (14,j14);

%$k=find (cause==test) ;

mf2 (test+l)=max (mf2 (test+l),prob);

end
end
end
end
end
end
end
end
end
end
end
end
end

end
plot (mf2,"'.");
% plot(cause(l:2:end),mf2(1l:2:end));

e
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x=0:0.1:4;
efect=0:56;
mfl=zeros (1,57);
sotoon=1[];

j=14 ; %shomare sotoon marboote ke azash effect mikhaym

for i=1:14
if i~=j
sotoon=[sotoon;pikol (i,1:41,73)1;
end
end

pihasatrel=sotoon;

for §j1=1:20:41

jl;
for j2=1:20:41

s j2

for §3=1:20:41

for §4=1:20:41
for 35=1:20:41
for j6=1:20:41
for 37=1:20:41
for 38=1:20:41
for 39=1:20:41
for 3710=1:20:41
for §11=1:20:41
for j12=1:20:41
for §13=1:20:41

test=x(J1)+x(J2)+x (33) +x(F4) +x(J5)+x(J6)+x(J7)+x(J8)+x (J9) +x (710) +x (71
1)+x(F12)+x(313) ;S +x (jJ14) +x (J15) ;

o

prob=min ([pihasatrel (1,31l),pihasatrel (2,32),pihasatrel (3,j3),pihasatre
1(4,34),pihasatrel (5,35) ,pihasatrel (6,]6),pihasatrel (7,37),pihasatrel (
8,38),pihasatrel (9,39),pihasatrel (10, 3j10),pihasatrel (11,311),pihasatre
1(12,312),pihasatrel (13,313)1]);%*pihasatrel (14,j14)*pihasatrel (15,715)

’

mfl (test+l)=max (mfl (test+l),prob);

end
end

end
end
end
end
end
end
end
end
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end

beep

pause (0.5)

beep

%plot (cause,mf2,'.");

sfigure

plot (efect(l:2:end),mfl(1l:2:end));
allefect (j, :)=mfl;

o il (sl 51 5 e & oo dpuolins

%allCplusE=zeros(14,57);

cpe=0:112;
ce=0:56;

mf=zeros (1,113);
k=14; % number of parameter

ca=allcauses (k,1:2:57); % cause parameter k
ef=allefect(k,1:2:57); % efect parameter k
xe=0:2:56;

for §1=1:29
for §2=1:29
test=xe (jl)+xe (j2);
prob=min (ca(jl),ef(32));
mf (test+l)=max (mf (test+1l) ,prob);
end
end

plot(cpe(l:2:end), mf(l:2:end));

allCplusE (k, :)=mf (l:2:end);
var=0:2:112;
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y=0:0.1:1;

mf2=zeros (1,57);
figure

for i=1:7

subplot (7,3,3*1-2)

plot (cause(l:2:end),allcauses(i,1:2:end), 'Linewidth',2);
hold on

plot (nfC (i) *ones(1,11),y,'--r")

ylabel (['P',int2str (i) ], "fontsize',12, 'fontweight', 'b")
axis ([0 55 0 0.24])

set (gca, 'YTickLabel',{" ', ! "1

end

for i=1:7
subplot (7,3,3*1i-1)
plot (cause(l:2:end),allefect(i,1:2:end), 'LineWidth',2);
hold on
plot (nfE (i) *ones(1,11),y,"'--r")
axis ([0 55 0 0.35])
set (gca, 'YTickLabel', {" ',' Yyt 1),
end

for i=1:7
subplot (7,3,3*1i)
plot([0:2:112],allCplusE(i,:), 'LineWidth',2);
hold on
plot (nfCpE (i) *ones (1,11),y,"'--r")
axis ([0 100 0 0.211)
set(gca, 'YTickLabel', {" ',' vt "1
end

%***************************************************************baghie

mf2=zeros (1,57);
figure

for 1i=8:14

subplot (7,3,3*(1-7)-2)

plot (cause(l:2:end),allcauses(i,1:2:end), 'LinewWidth',2);
hold on

plot (nfC (i) *ones(1,11),y,'--r")

ylabel (['P',int2str (i) ], "fontsize',12, 'fontweight', 'b")
axis ([0 55 0 0.24])

set (gca, 'YTickLabel',{" ', ! 1)
end
for 1i=8:14

subplot (7,3,3* (i-7)-1)
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plot (cause(l:2:end),allefect(i,1l:2:end), 'Linewidth',2);
hold on

plot (nfE (i) *ones(1,11),y,"'--r")
axis ([0 55 0 0.35])
set (gca, 'YTickLabel', {" ', ', "1)

4 4
end

for 1i=8:14
subplot (7,3,3*(1-7))
plot ([0:2:112],allCplusE(i,:), 'LineWidth',2);
hold on
plot (nfCpE (i) *ones (1,11),y,"'--r")
axis ([0 100 0 0.211])

set (gca, 'YTickLabel', {" ', " ', "})
end
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%allCplusE
nfCmE=[];
tst=cme;
figure

for i=1:14

nonfuzzCpE=sum (cme.*allCminesE (i, :))./sum(allCminesE (i, :));
nfCmE=[nfCmE nonfuzzCpE];
end

for k=1:14;

tot=[1];
cpe=allCminesE (k, :);
maxp=max (cpe) ;
alfa=0.7;

$tst=var;

for c=1l:1length (cpe)

if cpe(c)>(alfa*maxp)

tot=[tot;tst (c)];

end
end
hold on
plot (k*ones (1, length(tot)),tot, 'g', "LinewWidth', 3);
axis ([0 15 =45 40])
end

plot (nfCmE, '* ')

tot2=[];
ce=allcauses(k,1l:2:end);
cee=allefect(k,1l:2:end);
test=0:2:56;
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close all
clc

x=Ccpe;

proba=allCplusE (1, :);
testa=x;
testb=x;

for k=1:14;

ProbB=allCplusE (k, :);
c=[1;

for i=1:fix(length(testa)/50) : (length(testa))
for j=1:57
test=testa (i) +testb(]j);
prob=proba (i) *probB (j) ;
c=[c; test probl;
end
end

for count=1l:length (c)
ind=find(abs(c(:,1)-c(count,1))<0.001);

for j=[ind(:,1)]"
c(count,2)=max([c(j,2),c(count,2)]);

end
end

for count=1:5000

ind=find(abs(c(:,1)-c(count,1))<0.1);
if length(ind)>1

ind(1)=I[];
c(ind, :)=

end
stop=length(c) ;
if count>(stop-1)

break
end

[1;

end

c=sortrows (c) ;

figure
plot(c(:,1),c(:,2))
testa=c(:,1);
proba=c(:,2);
end
nfsigma=sum(c(:,1) .*c(:,2))./sum(c(:,2));
hold on

\V-.



S i Olawlono 4 bga yo o 513310 5 slaas

b=max (c(:,2));
plot (nfsigma*ones (1,11), [0:b/10:b], " '--r")

figure

az=1l./c(2:end,1);

plot(l./c(2:end,1),c(2:end,2),"'.")
nfsigma34=sum((l./c(2:end, 1)) .*c(2:end,2))./sum(c(2:end, 2)) ;

hold on
plot (nfsigma34*ones(1,11), [0:b/10:b], '--r")

A
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% allCplusE(14,57) , 14 parameter
$sigmaCE2=[1/sigma , sigma , mu(x)]
cpe=var;

o°

clc
mpi=4;

NFci=[];

NFci2=1[];

alfacut=[];
cpe2=(100/mpi) *cpe;
shakhes=zeros (14,2000,2);
sigmaCE2=sigmaCEnew;

for k=1:14 Sparameter k om

ci=I[1];
for i=1:57
for j=1:2:1ength (sigmaCEnew)
test=cpe2 (i) *sigmaCE2 (j,1);

$prob=min (allCplusE(k,1),sigmaCE2(3,3));

prob=(allCplusE (k, i) *sigmaCE2 (j,3));
ci=[ci;test probl]l;
ind=find(ci(:,1)==test);
for kk=ind
ci(kk,2)=max (ci(kk,2),ci(3,2));
ci(j,2)=ci(kk,2);
end

o® o o oe

o

end
end

NFci2=[NFci2 ;sum(ci(:,1).*ci(:,2))./sum(ci(:,2))];

for count=1l:length(ci)
ind=find(abs(ci(:,1)-ci(count,1))<0.01);

for j=[ind(:,1)1"

ci(count,2)=max([ci(j,2),ci(count,2)])

ci(j,2)=ci(count,2);
end
end

for count=1:5000
ind=find(abs(ci(:,1)-ci(count,1))<0.01);
if length(ind)>1
ind(1)=[1;
ci(ind, :)=I[1];
end
stop=length(ci);
if count>(stop-1)
break
end
end

ci2=sortrows (ci);
nf=sum(ci2 (:,1).*ci2(:,2)) ./sum(ci2 (:,2));

\YY



S i Olawlono 4 bga yo o 513310 5 slaas

NFci=[NFci ;nf];
shakhes (k,1l:1length(ci2),1:2)=ci2;

figure
plot(ci2(:,1),ci2(:,2))
x1im ([0 61);
title(['P',num2str(k)])
xlabel (['w',num2str(k)]);

ylabel ('\mu(x) ")
grid on
hold on

b=max (ci2 (:,2)):
plot (nf*ones(1,11),[0:b/10:b],"'—--r")
end

FFrRrAFxAHFxKA ploting alfa cut

figure

for k=1:13
alfa=0.7;
acutbP=[1;

b=max (shakhes (k, :,2));
for ¢=1:1140
if shakhes(k,c,2)==b
acutP=[acutP, shakhes(k,c,1)]1;
end
end
plot (k*ones (1, length (acutP)),acutP)
hold on

end
hold on
plot (NFci (1:13),'*")
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$Ps=[pc pd pf ]; zarayebe marboot be har madan

% shakhes = wi ha marboot br har parameter 14*1140*2 satre aval
khodeshoon

% satre dovom mu (x)

close all

pl=Ps(:,3);

shakhes2=shakhes;

for i=1:14

shakhes2 (i, :,1)=shakhes2(i,:,1)*pl(i,1);
shakhes2 (i, :,2)=(100000) *shakhes2 (i, :,2);
end

a=zeros (500,2);
b=a;

a(:,:)=shakhes2(1,1:500,1:2);

for k=2:13
b(:,:)=shakhes2(k,1:500,1:2);
c=I[1;
for i=1:fix(length(a)/50): (length(a))
for 3j=1:5:500
test=a(i,l)+b(3,1);
prob=min(a(i,2),b(3,2));
prob=(a(i,2)*b(j,2));
c=[c;test prob];
end
end
%*****************Suprimum
for count=l:length(c)
ind=find(abs(c(:,1)-c(count,1))<0.03);

for j=[ind(:,1)]"
c(count,2)=max([c(j,2),c(count,2)]);
c(j,2)=c(count,?2);

end
end
% % hazfe tek]fa]fi ha************************

for count=1:5000
ind=find(abs(c(:,1)-c(count,1))<0.01);
if length(ind)>1

ind(1)=[1;
c(ind, :)=[1;
end

stop=length(c) ;

if count>(stop-1)
break

end

end
%**********************************

c=sortrows (c) ;
% figure
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% plot(c(:,1),c(:,2),".")
% x1im ([0 1007)

a=c;

end

figure
plot(a(:,1),a(:,2))

x1im ([0 100])

nfindex=sum(a(:,1) .*a(:,2))./sum(a(:,2))
aa=a;
for k=1:6

for i=2:1length(aa)-k
if aa(i,2)<aa(i-1,2)&& aa(i,2)<aa(i+k,2)
aa(i,2)=aa(i-1,2);
end
end
end
figure
plot(aa(:,1),aa(:,2))

hold on
b=max (aa(:,2));
plot (nfindex*ones(1,11), [0:b/10:b],'--r")
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Abstract

Predictions of rock mass cavability are required in the design of block caves to
estimate the undercut size required to achieve continuous caving. A reliable prediction
of the undercut dimension for which a block cave will achieve continuous caving is a
critical factor in the successful caving of most orebodies. With recent interest in
applying caving techniques to stronger rock masses, the reliable prediction of rock
mass cavability is becoming increasingly important. The complexity in caving
mechanisms of the large block caving mines causes the conventional methods to be
unable to analyze and predict this event thoroughly. The major reason for this issue
could be addressed to the large number of parameters controlling the cavability of
rock mass and also their interactions. To overcome this problem, a well-known
systems approach named rock engineering system (RES) has been considered in this
research. A conventional expert-base coding method has been used in definition of
the interactions in the most previous applications of this approach, which that is not
able to explain the interactions correctly. Therefore, in this research, it has been tried
to improve the systems approach in some ways, so that it could be used to introduce
a new cavability index in block caving mines. For this purpose, as new idea, a general
improvement has been made in the RES framework using fuzzy logic. In this manner,
two fuzzy methods, fuzzy systems and fuzzy numbers are used to improve the coding
of interaction matrix. After that, by using improvement RES the cavability index in
block caving mines has been developed. To do so, thirteen parameters which influence
cavability of rock mass has been selected and classified them according to the role of
each parameter on the cavability. In the next step, by using fuzzy coding method the
fuzzy cavability index for block caving mines is presented. Finally, the results of
proposed index were compared with the results of Laubscher’s caving chart which
base on the real data and also with information derived from reports of the Palabora
mine. This comparison showed that the proposed index has a good match with the
results of Laubscher’s caving chart and the cavability status in Palabora mine. In the
next step in this study, is to evaluate the effect of selected parameters is evaluated by
numerical modeling using PFC3P software. For this reason, a theoretical model of the
block caving mine was destroyed and the impact of influence parameters on the output
volume from undercut is studied. The results have good match with cause- effect
diagram of interaction matrix.

Key Words: Cavability Index, Influence Parameters, Fuzzy Logic, Numerical
Modeling
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