Report on Code Usage Exercise for SUMDES

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

1. Useful information on how to run SUMDES with Model 6 is contained in a series of emails from code developer Wang (and some parts of the original manual). It is suggested that a supplement to the manual be prepared that describes the required steps for running SUMDES with Model 6 and provides guidelines on model parameter selection. This will greatly benefit users who would like to use the total stress analysis option of SUMDES.
2. An input parameter in SUMDES is the shear strength/cohesion (with zero friction angle) m. This parameter is defined as the product of reference strain and the initial small strain secant shear modulus, i.e. Gmax. However, in the manual, there are no guidelines on how to choose reference strain. It would be convenient for users to be given two alternatives for estimating reference strain: (a) using the classical definition of m/Gmax, 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 
[image: image1.wmf](

)

a

r

G

G

g

g

+

=

1

1

/

max

, 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). From correspondence with code developer Wang, we understand that when reference strain is defined as G/Gmax = 0.5, that the curve fitting parameter Hr is fixed at 0.7726.  
3.
Material Model 6 in SUMDES seems to be incapable of accurately capturing the damping at large strains if the modulus reduction curves are fit accurately. In the cases we have examined, the damping is usually overestimated. Not sure how to avoid this – no guidance is provided in the user’s manual. It appears that by fixing Hr at 0.7726, we have eliminated the possibility of adjusting the damping curves to better fit the lab data, even though the modulus reduction curves are fit very well. If emphasis should be placed on fitting modulus reduction curves instead of damping curves during the curve fitting process (as was suggested by some during group discussion), it would be desirable to note this point in the users manual. 
4.
The user’s guidelines for Model 6 do not mention the viscous damping ratio as an input parameter. By looking at the original SUMDES manual, we found that the stiffness-proportional viscous damping terms (for both shear and compression) are specified at 1 Hz and are usually in the range of 0.002 to 0.01. For our analysis, we adopted the value given in the sample input file, which is 0.01. The ambiguity associated with this parameter in the Model 6 documentation should be addressed. Suggestions: (a) include the damping term as an input parameter that needs to be defined in the Model 6 documentation; (b) specify the section/page number of the original manual where the definition of viscous damping term can be found (c) expand the guidelines on how the damping term should be selected for a given site.  Comment (c) above directly relates to Comment 5 below. 
5.
In the HR6curs output, the damping value plotted in the figure should incorporate the viscous damping. This is not the case now, as the damping goes to zero at small strain. This adjustment is needed so that the user can check the model against data and iterate until a good fit is obtained. 
6
The maximum frequency of a layer is the highest frequency that the layer can propagate and is calculated as Vs/4H (Vs and H are the shear wave velocity and thickness of the layer). If a layer is too thick, the maximum frequency that could be propagated through the layer is small. In our exercise using SUMDES, we found that calculated surface motions are sensitive to layers thickness, especially at short periods.  Suggestion is to make note of this in the user’s manual and recommend that users check the maximum frequency of each layer. The most commonly used maximum frequency is 25 Hz. 
7
Currently, user can obtain the maximum shear strain profile by finding the maximum value from the shear strain time histories of different layers, which are retrieved by using the utility program RETRIEVE. This is a cumbersome process. Since users of site response codes often want to plot profiles of shear strain vs. depth, we suggest that the code be modified to include the maximum shear strain profile in the main output file. 
8
Recommendations regarding the specification of input motions as outcropping or within, coupled with corresponding recommendations on the type of halfspace condition that should be applied (rigid or elastic), should be included in the Model 6 summary. 
9
It is recommended to specify in the manual the system of units (SI or English) that should used for input parameters and which is provided in the output files. 

Parameter selection procedure utilized by UCLA team

In this exercise, the modulus reduction and damping curves used for both Treasure Island and Gilroy 2 sites are defined. We begin by taking the reference strain as the strain corresponding to G/Gmax of 0.5. Shear strength is then calculated by taking the product of maximum shear modulus and reference strain. Hr is fixed as 0.7726 per the recommendations of Dr. Wang. Figure 1 and 2 shows the measured and fitted modulus reduction and damping curves for Treasure Island and Gilroy 2 respectively. As described in Comment 4 above, the viscous damping ratios were taken as 1%. Tables 1 and 2 summarize the values of parameters used as input of SUMDES 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 is maintained as 25 Hz or greater. Also, total stress analysis is used in this exercise and therefore Model 6 is utilized.
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Figure 1. Measured and fitted curves for Treasure Island site (note that the damping plotted for the SUMDES model does not include the viscous damping term, which controls at small strains) 
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Figure 2. Measured and fitted curves for Gilroy 2 (note that the damping plotted for the SUMDES model does not include the viscous damping term, which controls at small strains)

Table 1. Values of parameters used in SUMDES for Treasure Island
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1 4.10 2.70 0.5 0.164 575 1232 0.055 0.678 T1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

2 4.10 2.70 0.5 0.492 575 1232 0.055 0.678 T1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

3 4.00 2.70 0.5 0.733 438 715 0.055 0.393 T1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

4 4.00 2.70 0.5 0.886 438 715 0.055 0.393 T1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

5 4.00 2.70 0.5 1.040 438 715 0.055 0.393 T1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

6 4.00 2.70 0.5 1.194 438 715 0.055 0.393 T1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

7 2.10 2.70 0.5 1.311 438 715 0.055 0.393 T1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

8 5.00 2.70 0.5 1.447 584 1271 0.055 0.699 T1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

9 5.00 2.70 0.5 1.639 584 1271 0.055 0.699 T1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

10 5.40 2.70 0.5 1.839 584 1271 0.055 0.699 T1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

11 2.40 2.70 0.5 1.980 584 1165 0.055 0.641 T1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

12 5.30 2.70 0.5 2.103 584 1165 0.19 2.214 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

13 5.30 2.70 0.5 2.271 584 1165 0.19 2.214 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

14 5.40 2.70 0.5 2.441 584 1165 0.19 2.214 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

15 5.00 2.70 0.5 2.606 680 1580 0.19 3.001 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

16 5.00 2.70 0.5 2.764 680 1580 0.19 3.001 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

17 2.90 2.70 0.5 2.890 540 996 0.19 1.893 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

18 5.40 2.70 0.5 3.021 540 996 0.19 1.893 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

19 5.40 2.70 0.5 3.193 540 996 0.19 1.893 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

20 5.40 2.70 0.5 3.364 540 996 0.19 1.893 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

21 5.40 2.70 0.5 3.535 540 996 0.19 1.893 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

22 7.50 2.70 0.5 3.750 1041 3837 0.19 7.290 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

23 8.00 2.70 0.5 4.017 1041 3837 0.19 7.290 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

24 7.26 2.70 0.5 4.279 877 2723 0.19 5.174 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

25 7.26 2.70 0.5 4.529 877 2723 0.19 5.174 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

26 7.26 2.70 0.5 4.779 877 2723 0.19 5.174 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

27 7.26 2.70 0.5 5.028 877 2723 0.19 5.174 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

28 7.26 2.70 0.5 5.278 877 2723 0.19 5.174 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

29 7.80 2.70 0.5 5.574 877 3057 0.19 5.809 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

30 7.80 2.70 0.5 5.915 877 3057 0.19 5.809 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

31 7.80 2.70 0.5 6.256 877 3057 0.19 5.809 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

32 7.80 2.70 0.5 6.597 877 3057 0.19 5.809 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

33 7.80 2.70 0.5 6.938 877 3057 0.19 5.809 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

34 7.80 2.70 0.5 7.279 877 3057 0.19 5.809 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

35 7.80 2.70 0.5 7.620 877 3057 0.19 5.809 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

36 8.10 2.70 0.5 7.968 877 3057 0.19 5.809 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

37 6.00 2.70 0.5 8.250 877 2747 0.19 5.219 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

38 6.00 2.70 0.5 8.461 877 2747 0.19 5.219 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

39 6.00 2.70 0.5 8.671 877 2747 0.19 5.219 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

40 6.00 2.70 0.5 8.881 877 2747 0.19 5.219 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

41 6.00 2.70 0.5 9.092 877 2747 0.19 5.219 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

42 7.00 2.70 0.5 9.320 877 2747 0.19 5.219 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

43 9.00 2.70 0.5 9.600 1266 5724 0.19 10.876 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

44 9.00 2.70 0.5 9.916 1266 5724 0.19 10.876 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

45 9.00 2.70 0.5 10.232 1266 5724 0.19 10.876 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

46 7.70 2.70 0.5 10.550 1266 6222 0.19 11.822 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

47 8.00 2.70 0.5 10.878 1266 6222 0.19 11.822 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

48 13.10 2.70 0.5 11.318 3772 55233 0.19 104.942 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

49 26.20 2.70 0.5 12.138 6232 150768 0.19 286.459 T2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6
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Table 2. Values of parameters used in SUMDES for Gilroy 2
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1 7 2.70 0.5 0.134 750 2096 0.09 1.887 G1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

2 7 2.70 0.5 0.403 750 2096 0.09 1.887 G1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

3 7 2.70 0.5 0.672 750 2096 0.09 1.887 G1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

4 7 2.70 0.5 0.941 750 2096 0.09 1.887 G1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

5 7 2.70 0.5 1.210 750 2096 0.09 1.887 G1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

6 5 2.70 0.5 1.440 1000 3727 0.09 3.354 G1 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

7 5 2.70 0.5 1.632 1000 3727 0.12 4.472 G2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

8 6 2.70 0.5 1.843 1560 9069 0.12 10.883 G2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

9 6 2.70 0.5 2.074 1560 9069 0.12 10.883 G2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

10 6 2.70 0.5 2.304 1560 9069 0.12 10.883 G2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

11 6 2.70 0.5 2.534 1560 9069 0.12 10.883 G2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

12 6 2.70 0.5 2.765 1560 9069 0.12 10.883 G2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

13 5 2.70 0.5 2.976 1000 3727 0.12 4.472 G2 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

14 6 2.70 0.5 3.187 1000 3727 0.15 5.590 G3 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

15 6 2.70 0.5 3.418 1000 3727 0.15 5.590 G3 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

16 7 2.70 0.5 3.667 1000 3727 0.15 5.590 G3 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

17 7 2.70 0.5 3.936 1000 3727 0.15 5.590 G3 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

18 7 2.70 0.5 4.235 1140 5368 0.15 8.052 G3 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

19 7 2.70 0.5 4.565 1140 5368 0.15 8.052 G3 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

20 6 2.70 0.5 4.871 1140 5368 0.15 8.052 G3 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

21 4 2.70 0.5 5.106 1230 6249 0.15 9.373 G3 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

22 8 2.70 0.5 5.388 1230 6249 0.045 2.812 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

23 13 2.70 0.5 5.882 2100 18215 0.045 8.197 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

24 13 2.70 0.5 6.494 2100 18215 0.045 8.197 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

25 13 2.70 0.5 7.106 2100 18215 0.045 8.197 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

26 13 2.70 0.5 7.718 2100 18215 0.045 8.197 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

27 13 2.70 0.5 8.330 2100 18215 0.045 8.197 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

28 13 2.70 0.5 8.942 2100 18215 0.045 8.197 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

29 13 2.70 0.5 9.554 2100 18215 0.045 8.197 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

30 13 2.70 0.5 10.166 2100 18215 0.045 8.197 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

31 14 2.70 0.5 10.801 2100 18215 0.045 8.197 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

32 14 2.70 0.5 11.460 2100 18215 0.045 8.197 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

33 11 2.70 0.5 12.048 1550 9923 0.045 4.466 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

34 12 2.70 0.5 12.589 1550 9923 0.045 4.466 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

35 14 2.70 0.5 13.201 1730 12362 0.045 5.563 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

36 15 2.70 0.5 13.884 1730 12362 0.045 5.563 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

37 20 2.70 0.5 14.707 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

38 20 2.70 0.5 15.649 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

39 20 2.70 0.5 16.590 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

40 20 2.70 0.5 17.531 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

41 20 2.70 0.5 18.473 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

42 20 2.70 0.5 19.414 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

43 20 2.70 0.5 20.355 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

44 20 2.70 0.5 21.297 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

45 20 2.70 0.5 22.238 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

46 20 2.70 0.5 23.179 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

47 19 2.70 0.5 24.097 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

48 19 2.70 0.5 24.992 2300 21850 0.045 9.833 G4 0.7726 1.00E-10 0.01 0.01 4.50E+04 6

H.S. 2.70 3900


Code Usage Exercise Results

Figures 3 and 4 show the surface response spectra calculated from SHAKE and SUMDES for Treasure Island and Gilroy 2 respectively. The input motion is outcropping and the base is elastic. Also shown on each plot are the spectra of the outcropping input motion. 


For Treasure Island, the response spectrum calculated from SUMDES is similar to the SHAKE result except for a large peak in the SUMDES result at about 0.3 s. For Gilroy 2, the spectral shapes for SUMDES and SHAKE are similar to each other, although again the SUMDES results are larger at short periods. We speculate that the larger spectra of SUMDES relative to SHAKE at low periods may be due in part to the low value of the viscous damping term that was used for these calculations. 


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 site, the maximum shear strains predicted by SUMDES generally agrees with those from SHAKE except at depth around 21 ft. For Gilroy 2, the maximum shear strains from SUMDES also agree with those from SHAKE except that the peaks across the soil column take smaller values. 
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Figure 3. Response spectra calculated from SHAKE and SUMDES for Treasure Island Site

[image: image8.emf]0.01 0.1 1 10

Period (s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

P

s

e

u

d

o

 

S

p

e

c

t

r

a

l

 

A

c

c

e

l

e

r

a

t

i

o

n

 

(

g

)

Input Outcropping Motion

(with elastic base)

Surface Response Spectrum from SHAKE

Surface Response Spectrum from SUMDES

5% Damping


Figure 4. Response spectra calculated from SHAKE and SUMDES 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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