Report on Code Usage Exercise for DEEPSOIL V2.5 (Installed on an XP Home Edition system)

Notes regarding observed code limitations and opportunities for improvement of user’s manual

1. The definition of reference strain in DEEPSOIL is m0/Gm0 where Gmo is the initial small strain secant shear modulus, i.e. Gmax. mo is suggested to be the shear stress at approximately 1% shear strain. It would be convenient for users to be given two alternatives for estimating reference strain: (a) using the above definition, which requires the estimation of the shear strength at rapid strain rates or (b) the shear strain at which G/Gmax = 0.5, which arises from hyperbolic fits of G/Gmax curves according to 
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, where r = reference strain and a is a fitting parameter generally taken as 0.92. The advantages of the second option for estimating reference strain are two fold. First, when site-specific lab-based modulus reduction curves are available, reference strain can be readily evaluated from those curves. Second, in the absence of site specific curves, users can refer to convenient guidelines for estimating r as a function of soil type, overburden, etc. from Darendeli (2001). 
2. Extended MKZ model (which includes pressure dependency, also referred to as extended modified hyperbolic model) utilized in DEEPSOIL seems to be incapable of accurately capturing the damping at large strains. The damping is usually overestimated. Not sure how to avoid this – no guidance provided in users manual. 
3. User’s manual does not provide guidelines on what constitutes a good fit of the modulus reduction and damping curves. It is not clear how users should trade off between a good fit of modulus reduction curves versus a good fit of damping curves. Moreover, we suggest that discussion on how to handle confining pressure dependency should be included in the manual. For example, user could either use a set of modulus reduction and damping curves that are specifically determined for soil materials at different depth ranges (e.g. EPRI curves) or could modify “ordinary” curves (determined for soil that is not at great depth) using the pressure dependency coefficients. For the latter case, guidelines are needed on how to choose the coefficients and the range of confining pressures for which the coefficients are applicable.
4. Clear guidelines on input motion selection are needed. Based on initial correspondence with Hashash (personal communication, Oct. 2004), motions recorded in an outcropping condition should be modified to within motions using an equivalent linear code, and the within motions specified as the input for nonlinear analyses. Alternative recommendations have been made recently by Hashash (details below). This issue needs to be clarified in the user’s manual. Recommendations for how to implement the code with downhole recording are also needed.
5. On the window where Rayleigh damping coefficients are selected, a legend should be added to the plot which compares linear time domain and frequency domain solutions.
6. We are able to obtain reasonable results using the equivalent linear analysis option of DEEPSOIL after consulting with Professor Hashash. When we initially performed these analyses, we did not correctly assign material curves for each layer. This occurred because we thought that the highlighted material curve in the “Use Saved Material Properties” window was used for the particular layer. We suggest that users be reminded, either in the user’s manual or the user interface, that the material curves that are used are specified in the window above the “Use Saved Material Properties” window.
7. Regarding the Rayleigh damping formulation, it would be helpful to have guidelines on what should be considered as a good match of the linear time domain and frequency domain linear solutions (i.e., over what frequency range users should look for a good match, etc.).
8. The manual should specify the folder where the file for maximum strain profile is saved. This is needed because many users plot strain profiles as a standard part of ground response analyses. It would also be helpful if the program has an option to automatically generate such plot.
9. User’s manual and interface should state that the maximum number of layers for which results can be displayed is 30.
10. In the windows where bedrock properties and time step are defined, the cells where user enters the bedrock shear wave velocity, unit weight, damping and the maximum strain increment in the flexible time step control are always “blacked-out.” However, this problem does not occur in every computer which we install the DEEPSOIL Version2.5 program. Even though the windows appear blacked out, the user is still able to enter the numbers.
11. It may be more convenient to user if hot keys for copying and pasting are enabled. Also, it would be nice if copying numbers to multiple cells at a time is allowed.
Parameter selection procedure utilized by UCLA team

We were provided a spreadsheet by Dr. Matasovic which allowed us to iteratively change the curve fitting parameters and viscous damping value until there is a good match visually between the MKZ model and the desired modulus reduction and damping curves. We subsequently modified the spreadsheet by inserting columns that would calculate the fitting errors at each strain level for both modulus reduction and damping.  DEEPSOIL uses an extended form of the MKZ model. The extension allows for incorporating pressure dependency for modulus reduction and damping curves. However in this exercise did not invoke the pressure dependent component of DEEPSOIL extended MKZ model, and we used this spreadsheet to obtain the curve fitting parameters and small strain damping. The following is the fitting procedure of MKZ model utilized for each layer: 

1. Obtain reference strain by finding the shear strain corresponding to G/Gmax (from measured data) of 0.5 (note that we use Dr. Stokoe’s definition of reference strain here). 

2. Obtain Gmax (equivalent to the notation of “Gmo” in the modified MKZ model) from the shear wave velocity. mo is then obtained by taking the product of reference strain and Gmax. 

3. Set  and s, the curve fitting parameters, to 1 initially to see how the extended MKZ model fits the measured data without any effect of curve fitting parameters. In our cases, modulus reduction curves are usually already fitted well (less than 10% error) by the extended MKZ model with  and s equal to one. However damping curves are usually fitted poorly (maybe more than 100% error, especially at large strains).  

4. Adjust  s, and c (viscous damping term) so that the error in damping is minimized, while also not introducing excessive error in modulus reduction. This is a highly subjective process. Table 1 describes the effects on modulus reduction and damping curves of different adjustments of , s and c. A simple table like this in the users manual would be very helpful. In this exercise, we use the values of , s and c that would give errors of less than 50% at each strain level for both modulus reduction and damping curves. Confining pressure dependency of backbone curve and small strain damping are not activated. 

Figures 1 and 2 show the measured and fitted modulus reduction and damping curves for Treasure Island and Gilroy 2 respectively. There are two fitted curves in each plot. The fitted curve in blue represents the original Kondner and Zelasko (1963) hyperbolic model (denoted as “KZ model” in the figure) which is the same as the MKZ model with the curve fitting parameters  and s set to one, while the fitted curve in red represents the MKZ model (same as extended MKZ model in this case). Tables 2 and 3 summarize the values of parameters used as input of DEEPSOIL for Treasure Island and Gilroy 2 respectively. It should be noted that in this exercise, more layers are used for both sites (compared to the number of layers we used in SHAKE analysis) so that the maximum frequency allowed for each layer would be at least 25 Hz. Also, total stress analysis is used in this exercise. For the Rayleigh damping formulation, first and eighth modes are used in the analyses because the linear time domain and frequency domain solutions seem to agree well when those frequencies are specified. The options of updating stiffness matrix in the viscous damping formulation and small strain damping are not exercised during analyses in order to have computational efficiency. Flexible time step control is used so that a time increment is subdivided only if computed strains in the soil exceed the maximum strain increment of 0.001%.

Table 1. Effect of curve fitting parameters on modulus reduction and damping curves
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Figure 1. Measured and fitted curves for Treasure Island site
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Figure 2. Measured and fitted curves for Gilroy 2

Table 2. Values of parameters used in DEEPSOIL for Treasure Island
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Small Strain Damping Ratio

(ft) (ft/s) (pcf) (Curve number) (%) (psf)  s c (%)

1 4.10 575 120 T1 0.055 339 1.1 0.8 0.75

2 4.10 575 120 T1 0.055 339 1.1 0.8 0.75

3 4.00 438 120 T1 0.055 197 1.1 0.8 0.75

4 4.00 438 120 T1 0.055 197 1.1 0.8 0.75

5 4.00 438 120 T1 0.055 197 1.1 0.8 0.75

6 4.00 438 120 T1 0.055 197 1.1 0.8 0.75

7 2.10 438 120 T1 0.055 197 1.1 0.8 0.75

8 5.00 584 120 T1 0.055 350 1.1 0.8 0.75

9 5.00 584 120 T1 0.055 350 1.1 0.8 0.75

10 5.40 584 120 T1 0.055 350 1.1 0.8 0.75

11 2.40 584 110 T1 0.055 320 1.1 0.8 0.75

12 5.30 584 110 T2 0.19 1107 0.9 0.7 0.75

13 5.30 584 110 T2 0.19 1107 0.9 0.7 0.75

14 5.40 584 110 T2 0.19 1107 0.9 0.7 0.75

15 5.00 680 110 T2 0.19 1501 0.9 0.7 0.75

16 5.00 680 110 T2 0.19 1501 0.9 0.7 0.75

17 2.90 540 110 T2 0.19 946 0.9 0.7 0.75

18 5.40 540 110 T2 0.19 946 0.9 0.7 0.75

19 5.40 540 110 T2 0.19 946 0.9 0.7 0.75

20 5.40 540 110 T2 0.19 946 0.9 0.7 0.75

21 5.40 540 110 T2 0.19 946 0.9 0.7 0.75

22 7.50 1041 114 T2 0.19 3645 0.9 0.7 0.75

23 8.00 1041 114 T2 0.19 3645 0.9 0.7 0.75

24 7.26 877 114 T2 0.19 2587 0.9 0.7 0.75

25 7.26 877 114 T2 0.19 2587 0.9 0.7 0.75

26 7.26 877 114 T2 0.19 2587 0.9 0.7 0.75

27 7.26 877 114 T2 0.19 2587 0.9 0.7 0.75

28 7.26 877 114 T2 0.19 2587 0.9 0.7 0.75

29 7.80 877 128 T2 0.19 2905 0.9 0.7 0.75

30 7.80 877 128 T2 0.19 2905 0.9 0.7 0.75

31 7.80 877 128 T2 0.19 2905 0.9 0.7 0.75

32 7.80 877 128 T2 0.19 2905 0.9 0.7 0.75

33 7.80 877 128 T2 0.19 2905 0.9 0.7 0.75

34 7.80 877 128 T2 0.19 2905 0.9 0.7 0.75

35 7.80 877 128 T2 0.19 2905 0.9 0.7 0.75

36 8.10 877 128 T2 0.19 2905 0.9 0.7 0.75

37 6.00 877 115 T2 0.19 2610 0.9 0.7 0.75

38 6.00 877 115 T2 0.19 2610 0.9 0.7 0.75

39 6.00 877 115 T2 0.19 2610 0.9 0.7 0.75

40 6.00 877 115 T2 0.19 2610 0.9 0.7 0.75

41 6.00 877 115 T2 0.19 2610 0.9 0.7 0.75

42 7.00 877 115 T2 0.19 2610 0.9 0.7 0.75

43 9.00 1266 115 T2 0.19 5438 0.9 0.7 0.75

44 9.00 1266 115 T2 0.19 5438 0.9 0.7 0.75

45 9.00 1266 115 T2 0.19 5438 0.9 0.7 0.75

46 7.70 1266 125 T2 0.19 5911 0.9 0.7 0.75

47 8.00 1266 125 T2 0.19 5911 0.9 0.7 0.75

48 13.10 3772 125 T2 0.19 52471 0.9 0.7 0.75

49 26.20 6232 125 T2 0.19 143230 0.9 0.7 0.75

H.S. 8530 125 - - - - - -

Curve Fitting Parameters in MKZ 

Note: Coefficients for confining pressure dependency, b and d, are zero for all layers


Table 3. Values of parameters used in DEEPSOIL for Gilroy 2
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(ft) (ft/s) (pcf) (Curve number) (%) (psf)  s c (%)

1 7 750 120 G1 0.09 943 0.85 0.75 2.8

2 7 750 120 G1 0.09 943 0.85 0.75 2.8

3 7 750 120 G1 0.09 943 0.85 0.75 2.8

4 7 750 120 G1 0.09 943 0.85 0.75 2.8

5 7 750 120 G1 0.09 943 0.85 0.75 2.8

6 5 1000 120 G1 0.09 1677 0.85 0.75 2.8

7 5 1000 120 G2 0.12 2236 0.9 0.85 2.9

8 6 1560 120 G2 0.12 5442 0.9 0.85 2.9

9 6 1560 120 G2 0.12 5442 0.9 0.85 2.9

10 6 1560 120 G2 0.12 5442 0.9 0.85 2.9

11 6 1560 120 G2 0.12 5442 0.9 0.85 2.9

12 6 1560 120 G2 0.12 5442 0.9 0.85 2.9

13 5 1000 120 G2 0.12 2236 0.9 0.85 2.9

14 6 1000 120 G3 0.15 2795 0.85 0.85 2.8

15 6 1000 120 G3 0.15 2795 0.85 0.85 2.8

16 7 1000 120 G3 0.15 2795 0.85 0.85 2.8

17 7 1000 120 G3 0.15 2795 0.85 0.85 2.8

18 7 1140 133 G3 0.15 4026 0.85 0.85 2.8

19 7 1140 133 G3 0.15 4026 0.85 0.85 2.8

20 6 1140 133 G3 0.15 4026 0.85 0.85 2.8

21 4 1230 133 G3 0.15 4687 0.85 0.85 2.8

22 8 1230 133 G4 0.045 1406 0.9 0.85 2.9

23 13 2100 133 G4 0.045 4098 0.9 0.85 2.9

24 13 2100 133 G4 0.045 4098 0.9 0.85 2.9

25 13 2100 133 G4 0.045 4098 0.9 0.85 2.9

26 13 2100 133 G4 0.045 4098 0.9 0.85 2.9

27 13 2100 133 G4 0.045 4098 0.9 0.85 2.9

28 13 2100 133 G4 0.045 4098 0.9 0.85 2.9

29 13 2100 133 G4 0.045 4098 0.9 0.85 2.9

30 13 2100 133 G4 0.045 4098 0.9 0.85 2.9

31 14 2100 133 G4 0.045 4098 0.9 0.85 2.9

32 14 2100 133 G4 0.045 4098 0.9 0.85 2.9

33 11 1550 133 G4 0.045 2233 0.9 0.85 2.9

34 12 1550 133 G4 0.045 2233 0.9 0.85 2.9

35 14 1730 133 G4 0.045 2781 0.9 0.85 2.9

36 15 1730 133 G4 0.045 2781 0.9 0.85 2.9

37 20 2300 133 G4 0.045 4916 0.9 0.85 2.9

38 20 2300 133 G4 0.045 4916 0.9 0.85 2.9

39 20 2300 133 G4 0.045 4916 0.9 0.85 2.9

40 20 2300 133 G4 0.045 4916 0.9 0.85 2.9

41 20 2300 133 G4 0.045 4916 0.9 0.85 2.9

42 20 2300 133 G4 0.045 4916 0.9 0.85 2.9

43 20 2300 133 G4 0.045 4916 0.9 0.85 2.9

44 20 2300 133 G4 0.045 4916 0.9 0.85 2.9

45 20 2300 133 G4 0.045 4916 0.9 0.85 2.9

46 20 2300 133 G4 0.045 4916 0.9 0.85 2.9

47 19 2300 133 G4 0.045 4916 0.9 0.85 2.9

48 19 2300 133 G4 0.045 4916 0.9 0.85 2.9

H.S. 3900 162 - - - - - -

Curve Fitting Parameters in MKZ 

Note: Coefficients for confining pressure dependency, b and d, are zero for all layers


Code Usage Exercise Results

Figures 3 and 4 show the surface response spectra calculated from SHAKE and DEEPSOIL for Treasure Island and Gilroy 2 respectively. These plots are based on outcropping motion with a compliant base. Also shown on each plot are the spectra of the outcropping input motion.

For both the Treasure Island and Gilroy sites, the computed responses from DEEPSOIL’s equivalent linear subroutine and SHAKE are nearly exact matches.

For Treasure Island, the pseudo spectral accelerations calculated from DEEPSOIL (nonlinear analysis) are smaller than those calculated from SHAKE at periods below 0.07s and between 0.4s and 2 s. For Gilroy 2, pseudo spectral accelerations from DEEPSOIL are larger than those from SHAKE at periods between 0.06s and 2s, with an exception of lower response at 0.2s . At very short periods, the underestimation of ground motion relative to SHAKE may result in part from the Rayleigh damping formulation. At mid-periods, the over overestimation of damping by the extended MKZ model may also contribute to the lower response relative to SHAKE.


Figure 5 and 6 show the shear wave velocity and maximum shear strain as a function of depth for Treasure Island and Gilroy 2 respectively. The results from DEEPSOIL and SHAKE seem to agree well across the entire soil column for Treasure Island. However, for Gilory 2, the results from DEEPSOIL is larger than those from SHAKE for depth below 80 ft.
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Figure 3. Response spectra calculated from SHAKE and DEEPSOIL for Treasure Island Site
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Figure 4. Response spectra calculated from SHAKE and DEEPSOIL for Gilroy 2 site
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Figure 5. Plots of shear wave velocity and maximum shear strain against depth for Treasure Island site
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Figure 6. Plots of shear wave velocity and maximum shear strain against depth for Gilroy 2 site
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