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Abstract
This work presents an extended formulation of the Least Squares with Virtual Displacements (LSVD) method for 
estimating shear strength parameters from multiple soil samples under varying resistance conditions including 
cohesionless, frictional, and mixed types. LSVD is designed to identify a common tangent across n Mohr circles, even 
in the presence of measurement errors that render an exact solution infeasible. Beyond its original linear formulation, 
we introduce generalized LSVD variants like logarithmic, parabolic, polynomial, power law and generalized forms 
allowing the method to adapt to diverse failure envelope shapes observed in geotechnical materials. We benchmark 
these variants against established approaches such as the p-q method and CTPAC, analyzing performance under 
synthetic noise to simulate measurement uncertainty. This provides a comparative framework to assess each method’s 
robustness, especially considering their differing selections of representative points on the Mohr circles. The results 
highlight LSVD’s flexibility and reliability in modeling complex soil behavior and suggest its potential as a versatile tool 
for geomechanically analysis.
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1. Introduction
This work revisits and extends the Least Squares with Virtual Displacements (LSVD) method as a general framework for obtaining 
approximate failure envelopes from n soil samples, even in the presence of imperfect measurements. LSVD formulates the problem 
as an optimization task, minimizing a squared-error loss function defined over points generated through virtual displacements. Unlike 
standard regression approaches, LSVD does not operate on fixed datapoints; instead, the datapoints evolve with each trial solution. 
This feature enables a flexible formulation that is consistent with tangent failure theory. Although the Mohr–Coulomb failure criterion 
theoretically allows the construction of a common tangent to a set of Mohr circles, this procedure is rarely straightforward in practice. 
Experimental variability and measurement error in laboratory data often preclude the existence of a single line tangential to all samples, 
rendering an analytical solution unattainable.

Several methods have been developed to approximate the failure envelope. Among them, the p-q method is widely used due to its 
simplicity and relatively accurate estimates. It performs a linear regression on the centers and radii of the Mohr circles, effectively 
assuming that failure occurs near the center. However, it tends to underestimate shear strength and does not directly adhere to the 
Mohr–Coulomb failure theory. Another technique, CTPAC, computes common tangents between adjacent circles and fits a regression 
line through the derived points. While it may recover the exact solution when it exists, it lacks robustness in the presence of noise 
or nonlinearity. In this work, we compare these two approaches, emphasizing that both rely solely on geometrical considerations, 
unlike other methods such as Hoek–Brown, which incorporate additional parameters including the Geological Strength Index (GSI), 
stress conditions, and other material properties. Beyond the original linear formulation, we propose and implement several generalized 
LSVD variants such as logarithmic, parabolic, polynomic, and power-law envelopes each adapting to different classes of soil behavior, 
including materials that exhibit strength degradation at high stress levels [1]. These variants preserve the core least-squares principle 
while extending the modeling capacity of LSVD. The performance of each formulation is evaluated and compared against classical 
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methods under simulated noise conditions, providing a robust framework for analyzing soils with complex or uncertain failure patterns.
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Figure 1: Scheme of stresses in a soil sample (left) and the virtual displacement by the σ3 < θσi < σ1 to
compute least square error (right).

2 Formulation
To apply the least squares approach, it is first necessary to define a loss function, given in equation 2.1:

ℓ(τ, ŝ) =
∑
i

(τi − ŝi)
2 (2.1)

Here, ŝi represents the estimated shear failure envelope, while τi denotes the actual shear stress at failure. In
practice, τi is not directly known; although the equations of theMohr circles can be derived from experimental
data, the precise failure points on those circles remain unidentified.
To address this, the method introduces the concept of virtual displacements. This reformulates the problem
as one of determining a straight line that is either tangent to all Mohr circles or, alternatively, minimizes the
square difference between a virtual tangent and the corresponding semicircle.
In this approach, the loss function compares the point θσi obtained from the estimated envelope ŝi = β1

θσi+

β0 with the point on the semicircle τi =
√
r2i − (θσi − λi)2. The value of θσi is determined by solving

equation 2.2, which identifies the location at which the line would be tangent to the circle.

dτi
dσ

=
dŝi
dσ

(2.2)

2.1 Linear and Logarithmic Failure Envelope

This is the case of the Mohr-Coulomb linear criteria, so the estimation ŝ = β1σ + β0 is the failure envelope,
where the bias β0 and β1 happens to be the cohesion and friction angle’s tangent, respectively. Then ŝ′ is β1
and the point where the virtual displacement will happen will satisfy equation 2.3.

dτi
dσ

= β1 (2.3)

The solution to equation 2.3 is the equation 2.4. It is only taken the solution that makes sense with the
failure envelopes. This solution requires λi to be positive, a harmless assumption for most of laboratory tests.
Although the final equation to find β1 can take circles on the negative side.
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∑
i

(τi − ŝi)
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Here, ŝi represents the estimated shear failure envelope, while τi denotes the actual shear stress at failure. In
practice, τi is not directly known; although the equations of theMohr circles can be derived from experimental
data, the precise failure points on those circles remain unidentified.
To address this, the method introduces the concept of virtual displacements. This reformulates the problem
as one of determining a straight line that is either tangent to all Mohr circles or, alternatively, minimizes the
square difference between a virtual tangent and the corresponding semicircle.
In this approach, the loss function compares the point θσi obtained from the estimated envelope ŝi = β1
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ŝ (θσi) (𝜆𝜆i,0) 
ri

Figure 1: Scheme of stresses in a soil sample (left) and the virtual displacement by the σ3 < θσi < σ1 to
compute least square error (right).

2 Formulation
To apply the least squares approach, it is first necessary to define a loss function, given in equation 2.1:

ℓ(τ, ŝ) =
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∑
i

(τi − ŝi)
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Here, ŝi represents the estimated shear failure envelope, while τi denotes the actual shear stress at failure. In
practice, τi is not directly known; although the equations of theMohr circles can be derived from experimental
data, the precise failure points on those circles remain unidentified.
To address this, the method introduces the concept of virtual displacements. This reformulates the problem
as one of determining a straight line that is either tangent to all Mohr circles or, alternatively, minimizes the
square difference between a virtual tangent and the corresponding semicircle.
In this approach, the loss function compares the point θσi obtained from the estimated envelope ŝi = β1
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ŝ

τ

σ
τiβ1

τi(θσi)
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Here, ŝi represents the estimated shear failure envelope, while τi denotes the actual shear stress at failure. In
practice, τi is not directly known; although the equations of theMohr circles can be derived from experimental
data, the precise failure points on those circles remain unidentified.
To address this, the method introduces the concept of virtual displacements. This reformulates the problem
as one of determining a straight line that is either tangent to all Mohr circles or, alternatively, minimizes the
square difference between a virtual tangent and the corresponding semicircle.
In this approach, the loss function compares the point θσi obtained from the estimated envelope ŝi = β1
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Thus, the loss function is

ℓ(τ, ŝ) =
∑
i




√√√√r2i −

(
− β1ri√

β2
1 + 1

)2

−β1

(
λi −

β1ri√
β2
1 + 1

)
− β0

}2

(2.5)

If n = 1 the equation (2.5) will always sum zero (explanation on appendix B). If that is the case then there
are no reference points and assumptions are made like a cohesionless condition, so it is recommended to opt
for analytical solutions that can be found on soil mechanics textbooks. An analytical solution is the equation
φ = arctan(r2/λ

√
r2 − r4/λ2) for the friction angle.

The logarithmic equation has the form ŝ = β1 ln(σ + β2) + β0, and the function to compute the β̄ with the
logarithmic form is equation 2.6.

β̄ = arg min
β0,β1,β2

(∑
i

{√
r2i − (θσi − λi)2 − β1 ln

(
θσi + β2

)
− β0

}2
)

(2.6)

A sharp reader will notice that the solution to (2.5) is essentially the linear regression formula modified but
with θσi plugged in. As it was mentioned in the introduction, this method uses the square loss and the virtual
displacements (VD) to formulate a function to optimize but the VD’s are not actual fixed points, so what it
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ŝ = β1 (σ + β2)
β3 + β0 (2.9)

Therefore the virtual displacement will occur on the solution of equation (2.10)

0 =
− θσi + λi√

r2i − (θσi − λi)2
− β1β3

(
θσi + β2

)β3−1
(2.10)

3

 for the friction angle.

The logarithmic equation has the form 

Thus, the loss function is

ℓ(τ, ŝ) =
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ŝ = β1
√
σ + β0 (2.7)

Therefore the VD will occur on the solution of equation (2.8).

0 =
− θσi + λi√

r2i − (θσi − λi)2
− β1

2
√

θσi
(2.8)

2.3 Power Failure Envelope

Amore general form of the parabolic function is the power equationwith the form of equation (2.9), sometimes
the β0 (bias) is not included for this form, so let us call the equation full power equation. In order to have a
semi parabola the constraint 0 < β3 < 1 is sought. The coefficient β2 will move the function horizontally
and the bias β0 will move the function vertically, so it is reasonable that various combinations of coefficients
will suffice the desired result.
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Table 1: Test data from YuanMing [2]

Stress [MPa]
σ3 0 0.3 0.6 0.8 1 2 3 4
σ1 2.285 3.289 4.155 4.726 5.308 7.392 9.541 11.14
σ3 5 6 8 10 12 14 16 18
σ1 11.877 12.924 14.924 17.161 19.381 20.795 22.571 24.953

And the minimization is formulated as shown in equation (2.11), but this problem has various local minima,
so depending in the optimization method and the initial guesses will be the solution, but most of the solutions
should be practical (this is mere speculation from the experience of this work).

β̄ = arg min
β0,...,β3

ℓ(τ, ŝ) =
∑
i

{√
r2i − (θσi − λi)2 − β1

(
θσi + β2

)β3

− β0

}2
(2.11)

2.4 Polynomial Envelope

This form looks like a linear model at first glance but it is not really because τi are not known and will be
computed on the process. It can be viewed as the general form (2.12) of the linear envelope and the linear
form being the particular case when p = 1 and p being the degree of the polynomial.
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0.671677577σ − 0.048268340σ2 + 0.001076909σ3, as it is shown in figure 2.

So it can be seen that it overfits the data and definitely does not behaves well with high orders nor high
pressures, and the constrained least-squares ought to be used with the bounds needed by the specific case if
that is desired.

2.5 Other Non Linear Failure Envelope

The linear, full power and logarithmic forms should be able to cover a wide range of non linear failure en-
velopes but LSVD is more flexible than that, the background is already stablished for any kind of function.
The algorithm is 1. Doing step 3 and 4 might be only done numerically on algorithm 1, so that process should
be within the optimization process and solve that part first, in the first iteration the calculation will be done

4

 = 0.652918997 + 0.671677577σ − 0.048268340σ2 + 0.001076909σ3, as it is 
shown in figure 2.

So it can be seen that it overfits the data and definitely does not behaves well with high orders nor high pressures, and the constrained 
least-squares ought to be used with the bounds needed by the specific case if that is desired.

2.5 Other Non Linear Failure Envelope
The linear, full power and logarithmic forms should be able to cover a wide range of non linear failure envelopes but LSVD is more 
flexible than that, the background is already stablished for any kind of function. The algorithm is 1. Doing step 3 and 4 might be only 
done numerically on algorithm 1, so that process should be within the optimization process and solve that part first, in the first iteration 
the calculation will be done



J Agri Horti Res, 2026 Volume 9 | Issue 1 | 5

Figure 2: Failure envelopes with the polynomial LSVD and the results of [3] and [2]

with the initial guess of β0, . . . , βn.
Some important notes to remark are that depending of the function it could happen that there are various

Algorithm 1 General formulation of LSVD
Input: ri, λi or iσ3, iσ1
1: Define ŝ(σ, β0, . . . , βn)
2: Get ∂ŝ

∂σ

3: Solve dτ
dσ − ∂ŝ

∂σ = 0 for θσ
4: Substitute θσi on ℓi(τi, ŝi)
5: β0, . . . , βn ← argminβ0,...,βn

∑
i ℓi

6: return β0, . . . , βn

solutions to the virtual displacement (2.2), knowing that the solution is real and lies in the first half of the
circle helps to discriminate solutions, but it could not be the case, bear that in mind. It is helpful to plot the
derivatives of the circles with the derivative of ŝ to see if there is a solution. Other note is that minimizing
the loss/objective function can quickly become a complex problem with many local minima, so it is up to the
minimization method and how the problem is approached.

Other strategies to delimit the problem is to fix one coefficient or remove it, for instance, with the full power
form β0 could be taken out which makes sense for a cohesionless soil or fix the β3 and compute the other
coefficients.
3 Results
The sample’s data is shown in table 2. Given that there is no exact solution to those soil samples, and each
methods compares from different points, then it is suitable to analyze their variability and confidence inter-
vals.
Laboratory measurements will carry errors due to the equipment, enviroment or other variables, so the sam-
ples’ data were put under random noise of 10%, ϵ ∼ Unif[−0.1, 0.1]. The random noise is also used to analyze
the response of the LSVD with sample errors, then an assumption is that the measured data has no errors,
and describe the real circles.

Figure 3 show the sample with their failure envelopes corresponding to their methods. Figure 4 are the
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∂σ = 0 for θσ
4: Substitute θσi on ℓi(τi, ŝi)
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velopes but LSVD is more flexible than that, the background is already stablished for any kind of function.
The algorithm is 1. Doing step 3 and 4 might be only done numerically on algorithm 1, so that process should
be within the optimization process and solve that part first, in the first iteration the calculation will be done

4

 to see 
if there is a solution. Other note is that minimizing the loss/objective function can quickly become a complex problem with many local 
minima, so it is up to the minimization method and how the problem is approached.

Other strategies to delimit the problem is to fix one coefficient or remove it, for instance, with the full power form β0 could be taken out 
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Figure 3 show the sample with their failure envelopes corresponding to their methods. Figure 4 are the
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Figure 3: Failure envelopes computed with different methods. Top-left: CTPAC method. Top-right: LSVD
method. Bottom-left: p-q method

confidence intervals with two standard deviations under random noise.
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Figure 4: Variability computed with different methods. Top-left: linear methods with sample 1. Top-rigt:
logarithmic methods with sample 2. Bottom-left: power methods with sample 2. Bottom-right: parabolic
methods with sample 3.

4 Discussion
From an algorithmic and mathematical perspective, the LSVD approach could, in principle, be reformulated to
compute perpendicular displacements from the closest parallel line rather than vertical virtual displacements.
However, the method deliberately avoids such additional calculations, relying instead on vertical displace-
ment while still ensuring that tangency can be identified.

The LSVD method explicitly enforces tangency between the candidate envelope and the Mohr circles, incor-
porating it into the optimization process while accounting for potential measurement errors. In contrast, the
p–q method ignores tangency as a deliberate simplification, sacrificing accuracy for implementation simplic-
ity. The CTPAC method assumes that all circles share a common tangency, which is effective particularly
when using adjacent circles but its performance is sensitive to measurement errors, especially in soils with
non-linear behavior.

Unlike p–q and CTPAC, which operate on fixed reference points, LSVD employs dynamic point selection:
the set of virtual tangents changes with each iteration. This improves flexibility but increases computational
complexity, particularly for non-linear envelopes where equation 2.2 may yield multiple solutions. In the
power-law case, LSVD’s coefficients showed some variation but remained close to the tangency locations,
suggesting convergence to local minima.

Introducing controlled random noise into the input data effectively simulates measurement errors, enabling
assessment of eachmethod’s robustness. This noise reveals howvariability in soil strength propagates through
the analysis. While increasing the number of samples generally improves the resolution of the failure enve-
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Figure 4: Variability computed with different methods. Top-left: linear methods with sample 1. Top-rigt: logarithmic methods with 
sample 2. Bottom-left: power methods with sample 2. Bottom-right: parabolic methods with sample 3.
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4. Discussion
From an algorithmic and mathematical perspective, the LSVD approach could, in principle, be reformulated to compute perpendicular 
displacements from the closest parallel line rather than vertical virtual displacements. However, the method deliberately avoids such 
additional calculations, relying instead on vertical displacement while still ensuring that tangency can be identified. The LSVD method 
explicitly enforces tangency between the candidate envelope and the Mohr circles, incorporating it into the optimization process while 
accounting for potential measurement errors. In contrast, the p–q method ignores tangency as a deliberate simplification, sacrificing 
accuracy for implementation simplicity. The CTPAC method assumes that all circles share a common tangency, which is effective 
particularly when using adjacent circles but its performance is sensitive to measurement errors, especially in soils with non-linear 
behavior.

Unlike p–q and CTPAC, which operate on fixed reference points, LSVD employs dynamic point selection: the set of virtual tangents 
changes with each iteration. This improves flexibility but increases computational complexity, particularly for non-linear envelopes 
where equation 2.2 may yield multiple solutions. In the power-law case, LSVD’s coefficients showed some variation but remained close 
to the tangency locations, suggesting convergence to local minima. Introducing controlled random noise into the input data effectively 
simulates measurement errors, enabling assessment of each method’s robustness. This noise reveals how variability in soil strength 
propagates through the analysis. While increasing the number of samples generally improves the resolution of the failure envelope, three 
to six samples are typically sufficient for practical applications.

Under noisy conditions, LSVD and CTPAC maintained precision in locating tangency points, and p-q consistently failed to capture 
tangency locations in several test cases. The absence of an exact analytical failure envelope precludes direct accuracy comparison. All 
three methods achieve high goodness-of-fit relative to their own reference points virtual tangents for LSVD, adjacent tangent points for 
CTPAC, and radii for p-q making the coefficient of determination (R2) an unsuitable measure of tangency fidelity. Variability analysis and 
confidence interval coverage offer a more meaningful basis for comparison. In the linear case, LSVD can recover exact solutions when 
they exist; however, CTPAC is computationally faster as it requires only a single evaluation. For logarithmic and power-law envelopes. 
The p-q method struggled with linear and logarithmic envelopes but performed comparably to the other methods in the parabolic case. 
Importantly, finding an exact solution should not be considered a complete theoretical success, as the Mohr-Coulomb model itself is an 
approximation of soil behavior. Ultimately, method selection should balance computational cost, robustness to measurement noise, and 
the need for precise tangency localization. LSVD offers higher precision and adaptability across envelope forms but may require greater 
numerical effort. CTPAC is advantageous for linear cases when computational efficiency is critical and data quality is high, while p-q is 
best reserved for preliminary or low-precision applications.

5. Conclusion
The Least Squares with Virtual Displacements explicitly use of tangency information results in higher precision compared to CTPAC 
and p–q, particularly under noisy conditions.

The methods compare herein degrade significantly when measurement errors are introduced.

Three to six samples provide an adequate balance between resolution, practicality and economy; additional samples would offer 
diminishing returns.

The Least Squares with Virtual Displacements outperforms for linear, logarithmic, and power-law envelopes, while all methods perform 
similarly for parabolic forms.

LSVD’s dynamic point selection enables broader applicability but increases computational complexity; CTPAC is more efficient for 
linear problems, and p–q remains the simplest but least reliable.

LSVD provides a robust framework for determining failure envelopes under the Mohr–Coulomb criterion, effectively reducing 
uncertainty from methodological assumptions. While it may require more computational resources particularly for non-linear envelopes, 
due to the convergence of the solution and that some models are particular with their domain so it requires a constrained minimization, 
it offers superior robustness to noise and flexibility in adapting to different failure criteria, making it the preferred choice when precision 
is prioritized over computational simplicity. Even with static points, methods such as the power is not exempt of the non convexity 
problem, so the solution will depend on the initial guess of the optimization method.

Drawing upon mathematical methods to get a soil’s strength is finer and even quicker than a graphical method and is better to perform 
optimal designs.
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The linear LSVD is easy to implement in a spreadsheet (see appendix D) or coding it (see appendix A).

A. Programs
The script to use LSVD can be found on the following github repository, it is written in Python. The required
libraries are numpy and scipy, although matplotlib is also used to plot the results.

B Condition when n = 1
If n = 1 then the sums disappear and the linear LSVD equation take the form

The linear LSVD is easy to implement in a spreadsheet (see appendix D) or coding it (see appendix A).
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 which leads to the following 
quadratic equation 
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The linear LSVD is easy to implement in a spreadsheet (see appendix D) or coding it (see appendix A).
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Now, let τ̂ be the linear failure envelope and τ the Mohr circle equation. For a cohesionless soil, the shear
strength is τ̂ =

(
dτ(θσ)
dσ

)
σ, where θσ is the normal stress where it is tangent to the envelope. To know the

θσ the perpendicular function ought to be stablished such that τ̂⊥(λ) = 0, so the perpendicular function is
τ̂⊥ = −

(
dτ
dσ

)−1
σ +

(
dτ
dσ

)−1
λ. By equating the perpendicular with the failure envelope τ̂(θσ) = τ̂⊥(

θσ) it
can be known θσ by solving the equation.

0 =
θσ2 − λ θσ√
r2 − (θσ − λ)2

+
√
r2 − (θσ − λ)2

For that equation, the solution is θσ = λ2−r2

λ . And that will lead to a tangent line β1 = tanφ = − θσ+λ√
r2−(θσ−λ)2

After some algebra manipulation, β1 can take the form r2

λ
√

r2− r4

λ2

, the same as obtained from the virtual

displacement.
D Example of the linear case
Here it is presented a worked example with the sample 1 from the data of table 2, it can be taken to a spread-
sheet. According to equation (2.5) the terms are developed on table 3.
The arithmetic means of the radii and the centers are the following:

Table 3: Data to calculate the linear failure envelope of sample 1.

σ3 [kg/cm
2] σ1 [kg/cm

2] ri λi r2i + λ2
i riλi

1 0.5 2.211 0.8555 1.3555 2.5693 1.1596
2 1 3.242 1.121 2.121 5.7553 2.3776
3 1.5 3.909 1.2045 2.7045 8.7651 3.2576
4 2 4.885 1.4425 3.4425 13.9316 4.9658∑

31.02130 11.76065

r̄ =
1

4

4∑
i=1

ri = 1.155875

λ̄ =
1

4

4∑
i=1

λi = 2.405875

By setting an arbitrary starting β1 = 2 then β0 = 1.155875
√
22 + 1− 2× 2.405875 = −2.227134927.

From (2.5) we can treat it like

0 = β1
∑
i

(
λ2
i + r2i

)

︸ ︷︷ ︸
ξ1

+nβ0

(
λ̄− r̄β1√

β2
1 + 1

)

︸ ︷︷ ︸
ξ2

− 2β2
1 + 1√
β2
1 + 1

∑
i

riλi

︸ ︷︷ ︸
ξ3

Then ξ1 = 62.04259, ξ2 = −12.22277, ξ3 = −47.33569, so the sum is 2.484122346386, which is not zero.
Thereafter by solving the equation (using goal seek on a spreadsheet) yields β1 = 0.281431718. With that
result is held ξ1 = 8.73038, ξ2 = 4.383771649, ξ3 = −13.11417 that makes the equation 0.000025032518 ≈

10
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Table 3: Data to calculate the linear failure envelope of sample 1.

σ3 [kg/cm
2] σ1 [kg/cm

2] ri λi r2i + λ2
i riλi

1 0.5 2.211 0.8555 1.3555 2.5693 1.1596
2 1 3.242 1.121 2.121 5.7553 2.3776
3 1.5 3.909 1.2045 2.7045 8.7651 3.2576
4 2 4.885 1.4425 3.4425 13.9316 4.9658∑

31.02130 11.76065

r̄ =
1

4

4∑
i=1

ri = 1.155875

λ̄ =
1

4

4∑
i=1

λi = 2.405875

By setting an arbitrary starting β1 = 2 then β0 = 1.155875
√
22 + 1− 2× 2.405875 = −2.227134927.

From (2.5) we can treat it like

0 = β1
∑
i

(
λ2
i + r2i

)

︸ ︷︷ ︸
ξ1

+nβ0

(
λ̄− r̄β1√

β2
1 + 1

)

︸ ︷︷ ︸
ξ2

− 2β2
1 + 1√
β2
1 + 1

∑
i

riλi

︸ ︷︷ ︸
ξ3

Then ξ1 = 62.04259, ξ2 = −12.22277, ξ3 = −47.33569, so the sum is 2.484122346386, which is not zero.
Thereafter by solving the equation (using goal seek on a spreadsheet) yields β1 = 0.281431718. With that
result is held ξ1 = 8.73038, ξ2 = 4.383771649, ξ3 = −13.11417 that makes the equation 0.000025032518 ≈
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 − 2 × 2.405875 = −2.227134927.

From (2.5) we can treat it like

Then ξ1 = 62.04259, ξ2 = −12.22277, ξ3 = −47.33569, so the sum is 2.484122346386, which is not zero. Thereafter by solving the 
equation (using goal seek on a spreadsheet) yields β1 = 0.281431718. With that result is held ξ1 = 8.73038, ξ2 = 4.383771649, ξ3 = 
−13.11417 that makes the equation 0.000025032518 ≈ 0. So the linear failure envelope is0. So the linear failure envelope is

τ̂ = tan(15.718285839 deg)σ + 0.523688143

Figure 5: Plot of computed failure envelope.
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Figure 5: Plot of computed failure envelope.
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