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MC-Parameter Calibration for
Baskarp Sand No. 15

Parameters for the Mohr Coulomb constitutive model is determined for Baskarp Sand No. 15 (Aalborg
University Sand No. 1).The parameters have been determined based on a combination of cone penetration
tests with a mini-CPT cone and drained triaxial tests.

1 Introduction

The soil parameters are dependent on both confining pressure and density index. The density index of
Baskarp Sand can be determined by conducting cone penetration tests with the mini-CPT cone used in the
Geotechnical Engineering Laboratory at Aalborg University:

o -0.42
Ip = 5.14[;“]

(%)0'75 1)

where

g, IS the vertical effective stress [MPa]
q. is the cone resistance [MPa]

The unit weight of Baskarp Sand No. 15 is estimated to 20 [kN/m’] and used to calculate the vertical
effective stress through the soil. The variation of the density index is then determined from the measured
cone resistance of the mini-CPT cone used in the Geotechnical Engineering Laboratory. All the expressions
are derived from several conventional drained triaxial tests at two different density indices performed on
Baskarp Sand No. 15 (Ibsen & Bgadker, 1994). The used triaxial tests are listed in Table 1 and Table 2.



Table 1 Triaxial test data for Baskarp Sand No. 15, e = 0.70, ID = 51%.

Drained Compression Tests Values at failure Values at 0e, =0

Testno. e[-] Ip[%] o3[kPa] p’[kPa] g[kPa] p’[kPa] gqlkPa] ¢.[°] ¢[°]
930126  0.704 50 5 14.22 19.96 753 728 466 122
9301 24  0.696 52 10.1 26.92 31.59 1341 1023 456 124
9301 25  0.696 52 20 45.85 54.07 2979 2937 414 113
930122  0.703 50 40.1 9338 10282  67.89 8338 420 96
9301 20  0.705 50 80.1 16437 23739 13287 15832 377 103
9301 21  0.695 53 160 32494 37124 26745 32235 374 9.0
9301 27  0.698 52 320 644.62 72605 52062 62885 371 9.8
9301_28  0.698 52 6401 124370 139040 10622 12667 359 85
9301 29  0.698 52 8002 152940 170480 13392 16178 353 7.7

Table 2 Triaxial test data for Baskarp Sand No. 15, e = 0.61, ID = 80%.

Drained Compression Tests Values at failure Values at 6¢, = 0

Testno. e[-] Ip[%] o3[kPa] p’[kPa] g[kPa] p’[kPa] q[kPa]l ¢.[°] ¢[°]
9301_12 0616 78 5 19.96 44.88 9.6 1381 549 177
9301 11 0.608 81 10.1 31.59 64.47 1687 2062 496 181
9301_10 0.609 81 20.1 5407 10190 3383 4149 458 174
930104 0.608 81 39.9 10282 18876 7176 9559 447 167
9301_02 0.607 81 1002 237.39 41156 2029 3081 423 105
9301_03 0612 80 1607 37124 63162 27787 35242 415 149
9301_07 0.615 79 320.1 726.05 121790 54718 68154  41.0 144
9301 08 0617 78 640.2 13904 225060 10788 13160  39.6 129
9301 32  0.614 79 800.2 17048 271380 13708 17121  39.0 122

2 Strength Parameters
In the following, the strength parameters for Baskarp Sand No. 15 are determined.

2.1 Friction Angle and Cohesion
The friction angle and cohesion for Baskarp Sand No. 15 are determined by the following three expressions:

- Curved Coulomb Criterion
- Modified Schmertmann
- Linear Coulomb Criterion

Curved Coulomb Criterion

The expression is derived by fitting the Curved Coulomb Criterion to the triaxial test data and then
expressing a linear relation between the asymptotic parameters ¢, and c, and the density index. The Curved
Coulomb Criterion is fitted to the failure values from the triaxial tests in a (o3 — q)-plot, see Figure 1.
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Figure 1 Confining pressure and deviatoric stress at failure for the triaxial tests and
the Curved Coulomb Criterion at density indices of 51% and 80%.

The expression is modified to be density index dependent by expressing a linear relation between the
asymptotic parameters, ¢, and c, and the density index:

@a = 0.091 - Ip +30.6 [°] 2)
¢, =043-Ip+7.5 [kPa] (3)

The friction angle and the cohesion can now be determined by (4) and (5).

hq’f
_ -1 R o
@ = sin 5 [°]
2w (4)
c=—1  [kpa]
Sll’l(’)
1-sin¢ cot ' (5)
Schmertmann

After fitting The Modified Schmertmann expression to the series of triaxial tests the following variation of
the secant friction angle with density index and confining pressure is found:

®s = 0152 Ip + 274 - (05)™"% + 232 )

where

I, is the density index, determined by (1) [%]
03 is the confining pressure [kPa]

The expression is not valid for very loose sands and it goes towards infinity for very small confining
pressures. The expression is in Figure 2 plotted against the results of the triaxial tests. The Modified
Schmertmann expression yields a secant friction angle, hence the cohesion equals zero.
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Figure 2 Secant friction angles from triaxial tests and the Modified
Schmertmann expression at density indices of 51% and 80%.
Linear Coulomb Criterion
When using the Linear Coulomb Criterion, the tangent friction angle and the cohesion are taken as pressure
independent. Thus, the Linear Coulomb Criterion is only density index dependent. The expression assumes a
linear relation between the strength parameters and the density index.

@r=011-1,+323 [°] ©)
c=0.032-Ip +352 [kPa] (8)

The tangent friction angle and cohesion are fitted for triaxial tests with a confining pressure below 100 kPa,
cf. Figure 3.
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Figure 3 Confining pressure and deviatoric stress at failure for the triaxial tests
and the Linear Coulomb Criterion at density indices of 51% and 80%.

2.2 Dilatancy Angle

The dilatancy angle also depends on the friction angle and the density index. A linear relation between the
dilatancy angle and the density index is found to fit the results from the triaxial tests. The stress dependency
is expressed by a power function, see (9).



¢ =0.195-Ip + 14.9 - (64) """ = 9.95 ©)

where

1 is the dilatancy angle [°]
I, is the density index, determined by (1) [%]
o3 is the confining pressure [kPa]

The expression is not valid for very loose sands and it goes towards infinity for very small confining
pressures. The expression is fitted from the dilatancy angles determined from triaxial tests, which are plotted
in Figure 4 together with the derived expression. The variation of the dilatancy angle is plotted for density
indices of 51% and 80%, respectively.
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Figure 4 Dilatancy angles from the triaxial tests and the Modified Schmertmann
expression at density indices of 51% and 80%.

3 Elastic Parameters
As elastic parameters Young’s modulus and Poisson’s ratio are used.

3.1 Young's Modulus
Young’s modulus is chosen as the secant modulus at 50% strength and determined based on the triaxial tests
on Baskarp Sand No. 15.

¢+ cos (@y) + a5 - sin () "

Eso = Ef of

50

c-cos () + (T;r -sin (¢r)

(10)

where



@, Is the tangent friction angle [*]
03 is the confining pressure [kPa]

a5 is the reference confining pressure [kPa]
m is the amount of stress dependency [-]

E;gf is the reference secant modulus corresponding to p,..; [kPa]

In Figure 5, Es, determined by means of (10) is plotted against the triaxial tests.
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Figure 5 Es5o determined from the triaxial tests and the derived expression at
density indices of 51% and 80%.

For a reference confining pressure of 100 kPa, the reference secant modulus, E;gf and the amount of stress
dependency, m, are determined. The parameter m accounting for the stress dependency is determined to 0.58.
The reference secant modulus can be determined by:

Exl = 06322 1377 410920 [kPa] 1)

3.2 Poisson’s Ratio
The elastic parameter Poisson’s ratio, v, is determined in (Andersen et al. 1998) where it is found to,

v = 0.25, with a standard deviation of 0.06.

4 Verification of MC-parameters

The derived expressions for the MC-parameters are verified by simulating triaxial tests in ABAQUS and
comparing it with results from the performed triaxial tests. The estimates of the secant modulus, Eso,
Poisson’s ratio and the dilatancy angle are the same for all plots, see Table 3, but the friction angle and the
cohesion are estimated as described above in three different ways, see Table 4.



Table 3 Esq, v, and y input parameters for simulation of triaxial tests at a density index of 80%.

oy [kPa]  Eso [10*kPa]l  v[] ¢ [°]
5 13.0 025 180
10 17.1 025 17.7
20 22.1 025 169

Table 4 Friction angle and cohesion determined by the Curved Coulomb Criterion,
the Modified Schmertmann, and the linear Coulomb Criterion, I,=80%.

Modified Schmertmann

Curved Coulomb Criterion

Linear Coulomb Criterion

o4 [kPa] s [°] ¢ [kPa] o [°] ¢ [kPa] o [°] ¢ [kPa]
5 525 0.1 489 19 408 6.0
10 498 0.1 465 34 408 6.0
20 473 0.1 44.0 5.8 40.8 6.0

The triaxial tests performed at 5, 10 and 20 kPa with a density index of 80% are shown in Figure 6.
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Figure 6 Stress-strain relations and normal- and volume strain relations for triaxial tests.



5 Conclusion

The very high friction angles at low stress levels determined from the Modified Schmertmann expression
cause problems for the numerical calculations in ABAQUS, which are shown by the scatter in Figure 6(a)
and Figure 6(c). In spite of that, the parameters fit the triaxial tests good. Both the Linear Coulomb Criterion
and the Curved Coulomb Criterion fits the triaxial tests closely.
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