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Implementation linear and nonlinear shear failure laws

for geomaterials in R
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Abstract: The Mohr circles and their failure envelope of shear strength tests should be determined in order to fit a

failure law of geomaterials. The regression parameters of the failure criterion can then be applied in a stability
analysis of geostructures. The linear and nonlinear regression functions are commonly used. The minimal sum of
squares of residual error between the measurement and the prediction is taken as the most significant measure of
quality of fit for the regression models. Such a minimization assignment is formulated as a constrained nonlinear
programming, which is solved by using the library function of solnp in the statistical programming language, R.
Consequently, five alternative forms of the failure criterion are discussed. Application of the estimation procedure
to two published data sets shows that this proposed technique is computationally efficient. The efforts of the
implementation in R can obviate the need for tedious statistical and graphical work on the interpretation of triaxial

test data.

[Keywords]: R; triaxial test; shear strength parameters; optimal algorithm
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Feo B R R
library(Rsolnp) #solnp function
sig3<-¢(2.5,3.0,5.0,16.0,26.06,36.25)
sigl<-c¢(17.0,27.88,40.0,88.13,93.75,112.5)
Paa<-101.25; Philimit<-0.01; Phiav<-29.29/180*pi
PhiBeg<-Phiav-0.2; if (PhiBeg<0) PhiBeg<-0.0; PhiEnd<-Phiav+0.2
PhiBa<-seq(PhiBeg,PhiEnd,0.002)
for (jPhi in 1:length(PhiBa)) {
PhiCur<-PhiBa[jPhi]
sigBa<-(sigl+sig3)/2- (sigl-sig3)/2*sin(PhiCur)
tauBa<- (sigl-sig3)/2*cos(PhiCur)
ObjFn <- function(par){ #1 A;2n; 3 T
x1 <- par[1]; x2 <- par[2]; x3 <- par[3]
tauCur<-Paa*x1*(sigBa/Paa+x3)"x2
sum(abs(tauCur-tauBa)"2)}
x0 <-¢(1,0.8,0.2)
Res<-solnp(x0, fun = ObjFn,L.B=¢(0,0.5,0),UB=c(1000,1.0,500))
tanPhi<-Res$pars[1] *ResSpars[2] /((sigBa/Paa+tRes$pars[3])(1-Res$pars[2]))
PhiNew<-atan(tanPhi); deltaPhi<-max(PhiNew-PhiCur)
if (deltaPhi < Philimit) break
}
aBa<-Res$pars[1]; nBa<-Res$pars[2]; TBa<-Res$pars|[3];
SOSba<-min(Res$values)
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Table 1 Consolidated triaxial test data
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Fig. 3 Fitting different models to peak strengths of the Oxford clay
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Table 2 Summary data on regression parameters of different fitted failure envelopes
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