Report on Code Usage Exercise for TESS Version 6.3
Notes regarding observed code limitations and opportunities for improvement of user’s manual 
As “Level 1 analysis” is performed in this code usage exercise, most comments below are based on this type of analysis. 
1. Because the original user’s manual is out-of-date, we used two documents provided by code developer Pyke as effectively comprising the user’s manual for this exercise: TESS.DOC and TESSHIST.DOC. We found the discussion of model parameters, and in particular, the alternative levels of analysis from TESSHIST.DOC, to be quite useful. Also useful were the details on the input file provided in TESS.DOC.   We recommend that these documents be combined (with some revisions) to serve as the new user’s manual, at least for Level 1 analysis. 

2. The definition of reference strain in TESS is m0/Gm0 where Gmo is the initial small strain secant shear modulus, i.e. Gmax. mo is shear strength. 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).
3. We recommend that the user’s manual provide clear step-by-step instructions for model parameter selection organized according to the level of analysis that is being undertaken. For instance, if “Level 1” analysis is desired, these instructions could consist of something similar to the following: 
i. Obtain Gmax from shear wave velocity and mass density;

ii. Select reference strain (ref) based on soil type and other parameters per the recommendation of Stokoe/Derendeli or similar, and use ref and Gmax to estimate max; 

iii. Set the strain rate parameter, VG, to be approximately twice as the low strain damping; 
iv. Set parameters that are not used in “Level 1” analysis, but are required to run the program, to some fixed values (these should be clearly specified at this stage); and 

v. Adjust “alpha” (or a in the above Stokoe’s model) and VG until a reasonable fit is obtained between the target and model modulus reduction and damping curves.
Most of the above information (in Steps i to v) is already contained in the documentation provided to us; hence, this comment is simply encouraging the organization of the instructions in the manner described.  

4. In our example problem, it was possible to achieve good matches between the target and model modulus reduction curves, but not the damping curves. We understand that analysts should not attempt to fit the damping curve itself, but should try to produce twice the damping curve (recommendation by Pyke). This should be made clearer in the users manual, and will need to be verified subsequently in the project.   

5. We recommend that DRF, a parameter that is only used to adjust how the damping curve looks on the plot, be removed as an input parameter in THDCP. We found DRF to be a confusing parameter in our first use of the code, because we assumed initially that it must somehow affect the analysis. It is misleading for users to use anything other than DRF = 1. 

6. In Comment 3 we recommended that clear instructions be provided for model parameter selection, organized according to the level of analysis being undertaken. As noted in that comment, the instructions for Level 1 analyses are contained in the existing documentation, and just require re-organization. For more advanced analyses, the guidelines themselves seem to be missing and some parameters (e.g., DRF) are poorly defined. Accordingly, we recommend that all parameters be clearly defined and that instructions be prepared for model parameter selection for more advanced analyses (i.e., Levels 2 to 5). In presenting those instructions, reference to gray literature should be avoided (such as the EPRI 1993 report, Pyke 1993 paper). Relevant figures from those reports should be included in the users manual so that users have a convenient and accessible mechanism for obtaining model parameters. 

7. The present documentation (TESS.DOC and TESSHIST.DOC) does not contain recommendations regarding the specification of input motions. Based on our correspondence with Dr. Pyke, full outcropping motion should be used. If the recorded motion is within motion, then rigid base should be used. These recommendations should be specified in the user’s manual.
8. Based on our understanding of the Courant stability criterion, users need not be concerned about a layer being too thick because the code will ensure numerical stability by reducing the time step. We attempted to verify this by using both 25 and 49 layers for the Treasure Island site. However, we found that pseudo spectral accelerations at small periods (below 0.2s) are smaller when 25 layers are used. The difference may not be as significant as in other nonlinear codes but we suggest performing further study on this minimum thickness issue. Regardless of the conclusion, this issue has to be addressed in the TESS manual. A related point is that users should be encouraged to compute response spectra using the time history with the reduced time step and not to decimate the time history – the results can be significantly different at short periods as described further below. 
9. There is some evidence of numerical noise at very small periods (see below). Users should be warned about this issue. In the user’s manual, the conditions under which non-physical noisy results occur should be outlined. In addition, remedies to the noise problem (such as filtering) should be suggested. 
10. There seems to be a bug in the THDCP program. When we implement the program for multiple soil materials, the last set of fitted modulus reduction and damping curve does not print to the output file. This may somehow be linked to the problem of pressing “ctrl c” when we tried to exit the plotting screen. Note that we ran TESS using Windows XP. 
11. If input file names have more than eight characters, the program would not run. This bug should be fixed, or the user’s manual should alert users to this issue. 
Parameter selection procedure utilized by UCLA team

In this section, we describe how the parameters describing the modulus reduction and damping curves for both the Treasure Island and Gilroy 2 sites were selected. The utility program THDCP is used to print the fitted curves given the input parameters of the soil model. Our procedures for parameter selection for Level 1 analyses were as follows:
1. Obtain reference strain by finding the shear strain corresponding to G/Gmax = 0.5 (from measured data); note that we use Dr. Stokoe’s definition of reference strain here. 

2. Obtain Gmax from the shear wave velocity and mass density. max is then obtained by taking the product of reference strain and Gmax. 

3. Set the strain rate parameter, VG, to be twice as the value of the small strain damping as observed in the target/measured damping curve (this factor of two was arrived at after some iteration). Set VT (the strain rate parameter for shear stress) to be the same as VG.
4. Set the damping reduction factor (DRF), reduction in Gmax per log cycle of cyclic shear strain (GMRP), cyclic shear strain at which the reduction of Gmax commences (TSTR) and the cyclic shear strain at which Gmax becomes constant again (FSFR) to be 1.0, 0, 0 and 0 respectively. These factors are mainly for Levels 2 to 5 analyses but they are required to run the utility program THDCP and main program TESS. Note that we do not understand why the parameters should be set at these values (due to lack of documentation in users manual – see Comment 6 above), but selected the above values based on numbers given in sample input files. 
5. Adjust the parameter alpha until the best fit is obtained. This process is iterative and requires judgment on what constitute a good fit for both modulus reduction and damping curves. Alpha of value of 1 should be used first. (Higher and lower values will make the modulus reduction curve steeper and flatter respectively). In our analysis, our pick represents the parameter that gives a good visual fit to the modulus reduction curves and damping that is twice the target curves. According to Pyke, it is desirable to focus on fitting the modulus reduction and accept the fact that the program is producing twice as much as the laboratory damping. This has to be documented in the user’s manual as users may think double damping would be too much.
Figures 1 to 2 shows the measured and two sets of fitted modulus reduction and damping curves for Treasure Island and Gilroy 2 respectively. The fitted lines in red are obtained when we set the damping reduction factor to be 0.5; the fitted lines in green are obtained when the factor is 1 (which is actually used in the analysis) Table 1 summarizes the values of parameters used as input of TESS for Treasure Island and Gilroy 2. 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 is maintained as 25 Hz or greater (see Comment 8 above). Also, Level 1 analysis (total stress) was used and therefore pore water pressure generation and redistribution models were not activated. The input motion was taken the full outcropping motion. 
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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 1. Values of parameters used in TESS for Treasure Island and Gilroy 2
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(ft) (ft/s) (pcf) (Curve number) (psf) (%) (psf) (ft) (ft/s) (pcf) (Curve number) (psf) (%) (psf)

1 4.10 575 120 T1 1232143 0.055 678 0.02 0.9 1 7 750 120 G1 2096273 0.09 1887 0.06 0.9

2 4.10 575 120 T1 1232143 0.055 678 0.02 0.9 2 7 750 120 G1 2096273 0.09 1887 0.06 0.9

3 4.00 438 120 T1 714947 0.055 393 0.02 0.9 3 7 750 120 G1 2096273 0.09 1887 0.06 0.9

4 4.00 438 120 T1 714947 0.055 393 0.02 0.9 4 7 750 120 G1 2096273 0.09 1887 0.06 0.9

5 4.00 438 120 T1 714947 0.055 393 0.02 0.9 5 7 750 120 G1 2096273 0.09 1887 0.06 0.9

6 4.00 438 120 T1 714947 0.055 393 0.02 0.9 6 5 1000 120 G1 3726708 0.09 3354 0.06 0.9

7 2.10 438 120 T1 714947 0.055 393 0.02 0.9 7 5 1000 120 G2 3726708 0.12 4472 0.06 1

8 5.00 584 120 T1 1271016 0.055 699 0.02 0.9 8 6 1560 120 G2 9069317 0.12 10883 0.06 1

9 5.00 584 120 T1 1271016 0.055 699 0.02 0.9 9 6 1560 120 G2 9069317 0.12 10883 0.06 1

10 5.40 584 120 T1 1271016 0.055 699 0.02 0.9 10 6 1560 120 G2 9069317 0.12 10883 0.06 1

11 2.40 584 110 T1 1165098 0.055 641 0.02 0.9 11 6 1560 120 G2 9069317 0.12 10883 0.06 1

12 5.30 584 110 T2 1165098 0.19 2214 0.02 0.9 12 6 1560 120 G2 9069317 0.12 10883 0.06 1

13 5.30 584 110 T2 1165098 0.19 2214 0.02 0.9 13 5 1000 120 G2 3726708 0.12 4472 0.06 1

14 5.40 584 110 T2 1165098 0.19 2214 0.02 0.9 14 6 1000 120 G3 3726708 0.15 5590 0.06 1

15 5.00 680 110 T2 1579627 0.19 3001 0.02 0.9 15 6 1000 120 G3 3726708 0.15 5590 0.06 1

16 5.00 680 110 T2 1579627 0.19 3001 0.02 0.9 16 7 1000 120 G3 3726708 0.15 5590 0.06 1

17 2.90 540 110 T2 996149 0.19 1893 0.02 0.9 17 7 1000 120 G3 3726708 0.15 5590 0.06 1

18 5.40 540 110 T2 996149 0.19 1893 0.02 0.9 18 7 1140 133 G3 5367913 0.15 8052 0.06 1

19 5.40 540 110 T2 996149 0.19 1893 0.02 0.9 19 7 1140 133 G3 5367913 0.15 8052 0.06 1

20 5.40 540 110 T2 996149 0.19 1893 0.02 0.9 20 6 1140 133 G3 5367913 0.15 8052 0.06 1

21 5.40 540 110 T2 996149 0.19 1893 0.02 0.9 21 4 1230 133 G3 6248935 0.15 9373 0.06 1

22 7.50 1041 114 T2 3836635 0.19 7290 0.02 0.9 22 8 1230 133 G4 6248935 0.045 2812 0.06 1

23 8.00 1041 114 T2 3836635 0.19 7290 0.02 0.9 23 13 2100 133 G4 18215217 0.045 8197 0.06 1

24 7.26 877 114 T2 2723003 0.19 5174 0.02 0.9 24 13 2100 133 G4 18215217 0.045 8197 0.06 1

25 7.26 877 114 T2 2723003 0.19 5174 0.02 0.9 25 13 2100 133 G4 18215217 0.045 8197 0.06 1

26 7.26 877 114 T2 2723003 0.19 5174 0.02 0.9 26 13 2100 133 G4 18215217 0.045 8197 0.06 1

27 7.26 877 114 T2 2723003 0.19 5174 0.02 0.9 27 13 2100 133 G4 18215217 0.045 8197 0.06 1

28 7.26 877 114 T2 2723003 0.19 5174 0.02 0.9 28 13 2100 133 G4 18215217 0.045 8197 0.06 1

29 7.80 877 128 T2 3057407 0.19 5809 0.02 0.9 29 13 2100 133 G4 18215217 0.045 8197 0.06 1

30 7.80 877 128 T2 3057407 0.19 5809 0.02 0.9 30 13 2100 133 G4 18215217 0.045 8197 0.06 1

31 7.80 877 128 T2 3057407 0.19 5809 0.02 0.9 31 14 2100 133 G4 18215217 0.045 8197 0.06 1

32 7.80 877 128 T2 3057407 0.19 5809 0.02 0.9 32 14 2100 133 G4 18215217 0.045 8197 0.06 1

33 7.80 877 128 T2 3057407 0.19 5809 0.02 0.9 33 11 1550 133 G4 9923370 0.045 4466 0.06 1

34 7.80 877 128 T2 3057407 0.19 5809 0.02 0.9 34 12 1550 133 G4 9923370 0.045 4466 0.06 1

35 7.80 877 128 T2 3057407 0.19 5809 0.02 0.9 35 14 1730 133 G4 12361978 0.045 5563 0.06 1

36 8.10 877 128 T2 3057407 0.19 5809 0.02 0.9 36 15 1730 133 G4 12361978 0.045 5563 0.06 1

37 6.00 877 115 T2 2746889 0.19 5219 0.02 0.9 37 20 2300 133 G4 21850000 0.045 9833 0.06 1

38 6.00 877 115 T2 2746889 0.19 5219 0.02 0.9 38 20 2300 133 G4 21850000 0.045 9833 0.06 1

39 6.00 877 115 T2 2746889 0.19 5219 0.02 0.9 39 20 2300 133 G4 21850000 0.045 9833 0.06 1

40 6.00 877 115 T2 2746889 0.19 5219 0.02 0.9 40 20 2300 133 G4 21850000 0.045 9833 0.06 1

41 6.00 877 115 T2 2746889 0.19 5219 0.02 0.9 41 20 2300 133 G4 21850000 0.045 9833 0.06 1

42 7.00 877 115 T2 2746889 0.19 5219 0.02 0.9 42 20 2300 133 G4 21850000 0.045 9833 0.06 1

43 9.00 1266 115 T2 5724129 0.19 10876 0.02 0.9 43 20 2300 133 G4 21850000 0.045 9833 0.06 1

44 9.00 1266 115 T2 5724129 0.19 10876 0.02 0.9 44 20 2300 133 G4 21850000 0.045 9833 0.06 1

45 9.00 1266 115 T2 5724129 0.19 10876 0.02 0.9 45 20 2300 133 G4 21850000 0.045 9833 0.06 1

46 7.70 1266 125 T2 6221879 0.19 11822 0.02 0.9 46 20 2300 133 G4 21850000 0.045 9833 0.06 1

47 8.00 1266 125 T2 6221879 0.19 11822 0.02 0.9 47 19 2300 133 G4 21850000 0.045 9833 0.06 1

48 13.10 3772 125 T2 55232857 0.19 104942 0.02 0.9 48 19 2300 133 G4 21850000 0.045 9833 0.06 1

49 26.20 6232 125 T2 150767950 0.19 286459 0.02 0.9 H.S. 3900 162 - - - -

H.S. 8530 125 - - - -

GMRP, TSTR and FSTR are 0, 0 and 0 respectively

GMRP, TSTR and FSTR are 0, 0 and 0 respectively

Treasure Island Gilroy 2


Code Usage Exercise Results 
Figures 3 and 4 show the surface response spectra calculated from SHAKE and TESS for Treasure Island and Gilroy 2 respectively. Also shown on each plot are the spectra of the outcropping input motion. 


For Treasure Island, TESS shows less amplification near the site period (about 1 sec) and less de-amplification at short periods (about 0.1 to 0.3 sec). Taken together, these two differences lead to significant differences in the spectral shapes for TESS and SHAKE.  For Gilroy 2, the spectral shapes for TESS and SHAKE are generally very similar, although the peak acceleration from TESS is reduced. Due to the very small time steps of motions computed using TESS, it is tempting to decimate the motions before calculating spectra. However, this can significantly affect the spectral ordinates at small period, as shown by comparing the results for t = 0.02 s (decimated) and 0.0025 s (not decimated). The results at the smaller time step show evidence of noise at very small periods that is likely non-physical. 

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. For Treasure Island, the shape of the maximum shear strain profile calculated by TESS is very similar to that of SHAKE except that the TESS gives a slightly smaller strain at two peaks. For Gilroy 2, the shapes of the profiles from both codes generally agree. However, TESS gives a slightly lower strain in the upper 120ft.
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Figure 3. Response spectra calculated from SHAKE and TESS for Treasure Island Site
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Figure 4. Response spectra calculated from SHAKE and TESS 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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