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Slope reliability analysis considering effect of autocorrelation functions
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Abstract: The autocorrelation function (ACF) is a prerequisite for properly characterizing the spatial variability of soil
properties. The effect of different types of ACFs on the slope reliability has not been qualitatively evaluated. A procedure for
simulating correlated non-Gaussian random fields based on the Cholesky decomposition technique with midpoint discretization
is proposed. The typical ranges of autocorrelation length of shear strength parameters of soils are summarized. An example of
reliability analysis of frictional/cohesive soil slope is then presented to investigate the effect of five common types of ACFs for
the geostatistical analysis on the slope reliability. The influence of cross-correlation, variability of soil properties and different
scales of fluctuation of the cohesion and friction angle are taken into account, respectively. The results indicate that the
proposed method is computationally simple and easily implementable for simulating the correlated non-Gaussian random fields
with any geometry, and it can effectively evaluate the slope reliability with a sufficient accuracy. The differences in the slope
reliability underlying five types of ACFs are more obvious when the negative cross-correlation and vertical scales of fluctuation
become stronger, and the variability of soil properties becomes smaller, respectively. These differences become very significant
when the cohesion and friction angle take different vertical scales of fluctuation. Additionally, the target random fields are very
smooth and the slope reliability is underestimated underlying the square exponential, second-order autoregressive or cosine
exponential ACFs, and they may account for the spatially correlated soil properties more realistically. In contrast, the target
random field is a roughly varying field and the slope reliability is overestimated underlying the exponential ACF.
Key words: slope; reliability; spatial variability; autocorrelation
function; Cholesky decomposition
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Table 1 Commonly used autocorrelation functions in geotechnical engineering
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Table 2 Summary of autocorrelation lengths for shear strength parameters of soils
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PR A: FAZR N F0A RIS AR K SUE S RELIAR AR 7

function CD_midpoint_RF

% FIAZHBEN e, phiffiH. 257 RE. AR B MR R

mu=[10 30]'; cov=[0.3 0.2];sigma=mu.*cov;
dh=[40 40]; dv=[1 4];
rxy=0;
rou=[1 rxy
rxy 1];
L1=chol(rou);
% BEHBEHLI RGO AR AR A Ry
Coord=xIsread('Coord.xls" 1);
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mLem=length(Coord);
ACF=1; % FIAH R AL 1R
% ACF=1 F5%(7{(SNX); ACF=2 i (SQX); ACF=3 —f H[nJA%(CSX); ACF=4 #5# 4% (SMK)
for k=1:2
pxy=zeros(mLem);
for i=1:mLem
for j=1:mLem
dx=abs(Coord(i,1)-Coord(j,1));
dy=abs(Coord(i,2)-Coord(j,2));
switch ACF
case 1 % F8EUH A AHICRE(SNX)
pxy(i,j)=exp(-2*(dx/dh(k)+dy/dv(k)));
case 2 % =il A B AR R EL(SQX)
Pxy(ij)=exp(-pi*((dx/dh (k) 2-+(dy/dv(K))"2));
case 3 % [ BIRIHAL B A2 R H(CSX)
pxy(i,j)=exp(-4*(dx/dh(k)+dy/dv(k)))*(1+4*dx/dh(k))*(1+4*dy/dv(k));
case 4 % FEEURILAL FAH K K L (SMK)
pxy(i,j)=exp(-(dx/dh(k)+dy/dv(k)))*cos(dx/dh(k))*cos(dy/dv(k));
case 5 % — A AR EL(BIN)
if dx<dh(k) & dy<dv(k)
py(i)=(1-dx/dn(k)*(1-dy/dv(k));
else
pxy(i,j)=0;
end
end
end
end
PXY(:,:,k)=pxy;
end
for k=1:2
L2(:,:,k)=chol(PXY(:,:,k))"
end
% LTSI AR SRR IESBENUREA (R FEATR T
Nsim=1000;randn('state',0);rand('state",0);
UU=lhsnorm(zeros(2*mLem,1),eye(2*mLem), Nsim)";
% VI In-xiFFREZE AIn-xi K (E
sLn=sqrt(log(1+(sigma./mu).*2));mLn=log(mu)-sLn."2/2;
for imod=1:Nsim
U=[UU(1:mLem,imod) UU(mLem+1:2*mLem,imod)];
U_=U*LI;
HO=[L2(:,;,1)*U_(:,1) L2(:,:,2)*U_(:,2)];
c(:,imod)=exp(mLn(1)+sLn(1)*HO(:,1));
phi(:,imod)=exp(mLn(2)+sLn(2)*HO(:,2));
end

return



