Geostatic Stress Calculation in ABAQUS 
for unsaturated sands
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Introduction
The aim of this paper to study the effect the initial stresses has  on  the geostatic step and the subsequent analysis.
In section 01  constant pore pressure profile is specified and where the effect of specifying the correct and incorrect  initial stresses on the geostatic step are explored.

In section 02 pore pressures are varied linearly with depth and the initial effective stresses are

correctly specified  from the total stresses.
Section 01: Geostatic step stress calculation

· ABAQUS uses the initial stresses specified by the user (*INITIAL CONDITIONS, TYPE=STRESS, GEOSTATIC) as an initial guess (or as a start in the process of getting a converged stresses for the start of the analysis). This initial stress specification has a great impact on the subsequent steps. i.e. Deviation of the initial stress values from the actual, would result in incorrect higher soil displacements of the model which in turn leads to instabilities and analysis termination.

· ABAQUS calculates the stresses (total stress) which is in equilibrium with the  external loading (in this case it is gravity) and boundary conditions. However it should be pointed out that the argument holds even in the absence of any gravity force as in the case of a triaxial sample in which case the problem becomes  a trivial one.
· The displacement that occur during the geostatic step is not due the external loading but
due to the difference between the user predicted initial stresses and the converged stresses

calculated by ABAQUS which is in equilibrium with the external loading.
Eg: Assume an unsaturated sand model (depth=1.115m) with moisture content 17.7% (saturation 60%) having a dry unit weight of 1520 kg/m3.
To calculate the total stress it uses the total unit weight ((T)

                                                         (T = dry soil weight + weight of water
    = (D x g + volumetric water content ((v) x (w  = (D x g x ( 1 + gravimetric water content, (g)
                    (T   =  1520 x 10 (1 + 0.177)   =  17900 N/m3  =  17.90 kN/m3
Note: (v = (g x (T (bulk density of soil) / (w

· Actual (real) effective stress is calculated by ABAQUS based on Bishop’s effective stress equation (1959)


[image: image26.emf]
Let us assume  that  the constant pore pressure (suction) throughout the model is -4.7 kPa.

Therefore the (’ at bottom  =  20.0 + 0.6 x 4.7 = 22.8 kPa 

(’ at top = 0 + 0.6 x 4.7 = 2.8  kPa
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So these are the actual effective stresses calculated by ABAQUS. In the ODB out put, the S22 (in 2D) or S33 (in 3D) should have  these values. Even if the initial stresses specified by the user is not close to these values (or not equal), analysis might get through the GEOSTATIC STEP, but would not completethe subsequent consolidation step. And also there would be higher soil displacements at this stage as ABAQUS is attempting to compare the actual stresses with the initial conditions specified. Therefore it is important to carry out the following  checks at the geostatic step.
· S22 (S33 in 3D) in ODB at GEOSTATIC STEP should be closer (or equal) to what the user defined at the INITIAL CONDITIONS and also the contours should be parallel.
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The soil displacements U2 (or U3 in 3D) in ODB at the GEOSTATIC STEP should be very small.
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Figure 1 shows the vertical effective stress at the geostatic step when specifying the correct stresses (according to the equations defined) at the INITIAL CONDITIONS. i.e -2.8 kPa at the top and -22.8 kPa at the bottom. It can be seen that the actual effective stresses (Figure 1) are almost  same values specified. Figure 2 shows the vertical displacements which are found to be very small.
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Case-01: Initial stresses specified (’ at top is -1 and at bottom is -15 (An incorrect specification).
Figure 3 shows the S22 at the geostatic step. It can be seen that the S22 at top and bottom are the values obtained from the equations.  Despite the initial stresses specified are incorrect the correct initial stresses have been calculated by ABAQUS. 
It is misleading to compare  the minimum and maximum values from Figure 1 with Figure 3. The minimum and maximum values in Figure 3 occur in and around the pipe. If one considers the appropriate values of the stresses corresponding to the top and bottom layers of the soil the stresses 

are the same as give in Figure 1 and the calculated values.

However due to the incorrect stress specification, contours have become non parallel and also the soil displacements show higher values (see Figure 4). In this case the analysis doesn’t  progress any further in the consolidation step (it undergoes unloading and then stopped). As there is significant soil displacements taking place in the geostatic step, the geometry gets dramatically distorted and ABAQUS identifies that as an error which in turn leads to unloading and  the analysis terminates prematurely.
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Case-02: Initial stresses specified (’ at top and bottom are zero (An incorrect specification).
Figure 5 shows the S22 at the geostatic step. It can be seen that the S22 at top and bottom match values obtained from the equations. However due to the incorrect stress specification, no distinct stress contours can be seen and also the soil displacements are much higher (see Figure 6). In this case too the analysis doesn’t  progress any further in the consolidation step (it undergoes unloading and then stopped).
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Section 02: Initial geostatic variation of pore pressure
Case 01: Assign geostatic variation of pore pressure initially (bottom -10 kPa, top -21.15 kPa). No fixing of the pore pressures at the geostatic step. These two values should be in the domain of SWCC at the specified saturation.
In this case ABAQUS assigns pore pressure according to what the user has specified and the stresses are calculated accordingly. In addition the soil displacements are very small.




Case 02: Assign geostatic variation of pore pressure initially (bottom -8 kPa, top -19.15 kPa). No fixing of the pore pressures at the geostatic step. These two values should be in the domain of SWCC at the specified saturation.

In this case ABAQUS assigns pore pressure according to what the user specified exactly and stresses are calculated accordingly.

Therefore it can be concluded that the assigning the pore pressure to the model (top & base) according to the geostatic variation is enough to keep the pore pressure as required by the user (no need to fix them at the geostatic step). Effective stresses are calculated by ABAQUS based on these pore pressures. In addition to that the soil displacements are  very small and the user specified initial stresses have no effect on the calculated effective stresses arrived at  by ABAQUS which is evident from the results. 



Case 03: Assign the pore pressure at the bottom -10 kPa and at the top -15 kPa (Not according to the geostatic variation). No pore pressure fixities specified at the geostatic step. Initial stresses are assigned by the user according to these pore pressure values.
In this case ABAQUS tries to assign pore pressure to the base of the model according to the SWCC at the specified saturation and the pore pressure at the top is assigned according to the hydrostatic variation. Then the stresses are assigned by ABAQUS accordingly. In this case, it can be seen that this results in higher soil displacements as the specified initial stresses and pore pressures are wrong.



Case 04: Assign constant pore pressure (-4.7kPa) to the model initially and fix the bottom pore pressure at the geostatic step. Top pore pressure is set free.
In this case, ABAQUS assigns the pore pressure to the bottom as specified and calculates the top pore pressure according to the geostatic variation. Then the stresses are calculated accordingly.  It does not keep the pore pressure constant as required by the user. Apart from that it can be seen that the soil displacements are considerably higher. Therefore it is mandatory to fix the pore pressure at the top and bottom if the requirement  is to keep the suction constant.



Case 05: Need to keep the suction constant throughout the model.

It is not sufficient to assign the constant pore pressure to the model (initially) in order to keep the suction constant (see case 04). It is mandatory to fix the pore pressures at the top & bottom boundaries at the required constant suction in addition to specifying it initially. The very first case in this document shows the stress and pore pressure variation of such a case. 
The following demonstrates the effective stress and pore pressure calculations

Initial effective stress is calculated as follows.

Assuming no significant shear stresses in vertical direction;



           
Initial pore pressure – for the no-flow condition

Conclusions
· The initial stresses must be calculated  accurately in the first place and  only the geostatic

      step run and the converged  stresses and displacement checked at the end of it.

· If the converged  stresses at the end of the geostatic step are significantly different from the intial stresses specified after making sure  that this is not due to an error in specifying the external loading or boundary condition, these stresses then should be specified  as the initial stresses  in the analysis proper.

· The resulting  displacements  should be checked to be near zero or negligible.
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