Report on Code Usage Exercise for D-MOD_2

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

1. The table of MKZ parameters (given by Dr. Matasovic) based on soil type may be included in the user’s manual. The table referred to has the file name D-MOD_2 Table 2.pdf

2. The definition of reference strain in D-MOD_2 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).
3. MKZ model 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.

4. Users 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.

5. Parameter selection for the pore water pressure generation models for sand and clay, and the water pressure redistribution model, seem to be relatively poorly developed. No guidelines are given in the users manual, although references are made to university reports that will be difficult for most practitioners to locate. Even with those reports in hand, there are no clear guidelines on how to choose model parameters since one cannot know whether the limited available data is representative of soils at a particular site. For instance, users may not know whether the pore pressure parameters for VNP clay can be used for the clay at their sites.

6. Users manual does not contain recommendations regarding the specification of input motions. Based on our recent correspondence with Dr. Matasovic, full outcropping motion (with transmitting boundary) 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..

7. 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 a layer can propagate would be small. In our exercise, we found that using different layers thickness would result in different pseudo spectral accelerations especially at small periods.  Therefore, it may be necessary to remind users in the user’s manual to check the maximum frequency of each layer. The most commonly used maximum frequency is 25 Hz.

8. Full Rayleigh damping formulation is used in this exercise. We found that the viscous damping coefficient “c” in the output file is not consistent with the value which we use to calculate the Rayleigh damping coefficients, r and r. The viscous damping coefficient in the output file seems to be back-calculated by assuming stiffness-proportional viscous damping. This appears to us to be an error in writing the damping coefficient to the output file, and not an error in the damping that is actually used in the calculations. In addition, it is recommended to include guidelines on how to choose viscous damping ratio and the target frequencies for the full Rayleigh damping formulation in the user’s manual.
Parameter selection procedure utilized by UCLA team

In this exercise, the modulus reduction and damping curves for both Treasure Island and Gilroy 2 sites are given. The spreadsheet provided by Dr. Matasovic is used to fit the MKZ model to the measured data. Five steps are 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 MKZ model) from the shear wave velocity. mo is then obtained by taking the product of reference strain and Gmax. 

3. Calculate the first-mode period of the soil column, which is equal to 4H/Vs (H is the height of the soil column and Vs is the weighted-averaged shear wave velocity of the soil column).  The soil column period is needed because one of the target periods in the Full Raleigh damping formulation is based on the site period (i.e., the Raleigh damping. is set to match c at this period). The second target period was chosen as the period with a significant spike in the response spectrum obtained from a trial analysis of D-MOD_2 with stiffness-proportional damping. 
4. Set  and s, the curve fitting parameters, to 1 initially to see how the 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 MKZ model with  and s equal to one. However damping curves are usually fitted poorly (maybe more than 100% error, especially at large strains).  

5. 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 judgmental 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 user’s 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. 

Figure 1 and 2 shows 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 but with the curve fitting parameters  and s set to one, while the fitted curve in red represents the MKZ model. Tables 2 and 3 summarize the values of parameters used as input of D-MOD_2 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 pore water pressure generation and redistribution models are not activated. 

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 D-MOD_2 for Treasure Island
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1 4.10 575 120 T1 1232143 0.055 678 1.1 0.8 0.08195 0.00039 0.75

2 4.10 575 120 T1 1232143 0.055 678 1.1 0.8 0.08195 0.00039 0.75

3 4.00 438 120 T1 714947 0.055 393 1.1 0.8 0.08195 0.00039 0.75

4 4.00 438 120 T1 714947 0.055 393 1.1 0.8 0.08195 0.00039 0.75

5 4.00 438 120 T1 714947 0.055 393 1.1 0.8 0.08195 0.00039 0.75

6 4.00 438 120 T1 714947 0.055 393 1.1 0.8 0.08195 0.00039 0.75

7 2.10 438 120 T1 714947 0.055 393 1.1 0.8 0.08195 0.00039 0.75

8 5.00 584 120 T1 1271016 0.055 699 1.1 0.8 0.08195 0.00039 0.75

9 5.00 584 120 T1 1271016 0.055 699 1.1 0.8 0.08195 0.00039 0.75

10 5.40 584 120 T1 1271016 0.055 699 1.1 0.8 0.08195 0.00039 0.75

11 2.40 584 110 T1 1165098 0.055 641 1.1 0.8 0.08195 0.00039 0.75

12 5.30 584 110 T2 1165098 0.19 2214 0.9 0.7 0.08195 0.00039 0.75

13 5.30 584 110 T2 1165098 0.19 2214 0.9 0.7 0.08195 0.00039 0.75

14 5.40 584 110 T2 1165098 0.19 2214 0.9 0.7 0.08195 0.00039 0.75

15 5.00 680 110 T2 1579627 0.19 3001 0.9 0.7 0.08195 0.00039 0.75

16 5.00 680 110 T2 1579627 0.19 3001 0.9 0.7 0.08195 0.00039 0.75

17 2.90 540 110 T2 996149 0.19 1893 0.9 0.7 0.08195 0.00039 0.75

18 5.40 540 110 T2 996149 0.19 1893 0.9 0.7 0.08195 0.00039 0.75

19 5.40 540 110 T2 996149 0.19 1893 0.9 0.7 0.08195 0.00039 0.75

20 5.40 540 110 T2 996149 0.19 1893 0.9 0.7 0.08195 0.00039 0.75

21 5.40 540 110 T2 996149 0.19 1893 0.9 0.7 0.08195 0.00039 0.75

22 7.50 1041 114 T2 3836635 0.19 7290 0.9 0.7 0.08195 0.00039 0.75

23 8.00 1041 114 T2 3836635 0.19 7290 0.9 0.7 0.08195 0.00039 0.75

24 7.26 877 114 T2 2723003 0.19 5174 0.9 0.7 0.08195 0.00039 0.75

25 7.26 877 114 T2 2723003 0.19 5174 0.9 0.7 0.08195 0.00039 0.75

26 7.26 877 114 T2 2723003 0.19 5174 0.9 0.7 0.08195 0.00039 0.75

27 7.26 877 114 T2 2723003 0.19 5174 0.9 0.7 0.08195 0.00039 0.75

28 7.26 877 114 T2 2723003 0.19 5174 0.9 0.7 0.08195 0.00039 0.75

29 7.80 877 128 T2 3057407 0.19 5809 0.9 0.7 0.08195 0.00039 0.75

30 7.80 877 128 T2 3057407 0.19 5809 0.9 0.7 0.08195 0.00039 0.75

31 7.80 877 128 T2 3057407 0.19 5809 0.9 0.7 0.08195 0.00039 0.75

32 7.80 877 128 T2 3057407 0.19 5809 0.9 0.7 0.08195 0.00039 0.75

33 7.80 877 128 T2 3057407 0.19 5809 0.9 0.7 0.08195 0.00039 0.75

34 7.80 877 128 T2 3057407 0.19 5809 0.9 0.7 0.08195 0.00039 0.75

35 7.80 877 128 T2 3057407 0.19 5809 0.9 0.7 0.08195 0.00039 0.75

36 8.10 877 128 T2 3057407 0.19 5809 0.9 0.7 0.08195 0.00039 0.75

37 6.00 877 115 T2 2746889 0.19 5219 0.9 0.7 0.08195 0.00039 0.75

38 6.00 877 115 T2 2746889 0.19 5219 0.9 0.7 0.08195 0.00039 0.75

39 6.00 877 115 T2 2746889 0.19 5219 0.9 0.7 0.08195 0.00039 0.75

40 6.00 877 115 T2 2746889 0.19 5219 0.9 0.7 0.08195 0.00039 0.75

41 6.00 877 115 T2 2746889 0.19 5219 0.9 0.7 0.08195 0.00039 0.75

42 7.00 877 115 T2 2746889 0.19 5219 0.9 0.7 0.08195 0.00039 0.75

43 9.00 1266 115 T2 5724129 0.19 10876 0.9 0.7 0.08195 0.00039 0.75

44 9.00 1266 115 T2 5724129 0.19 10876 0.9 0.7 0.08195 0.00039 0.75

45 9.00 1266 115 T2 5724129 0.19 10876 0.9 0.7 0.08195 0.00039 0.75

46 7.70 1266 125 T2 6221879 0.19 11822 0.9 0.7 0.08195 0.00039 0.75

47 8.00 1266 125 T2 6221879 0.19 11822 0.9 0.7 0.08195 0.00039 0.75

48 13.10 3772 125 T2 55232857 0.19 104942 0.9 0.7 0.08195 0.00039 0.75

49 26.20 6232 125 T2 150767950 0.19 286459 0.9 0.7 0.08195 0.00039 0.75

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

Curve Fitting Parameters in MKZ Rayleigh Damping Coeff.*

* The chosen target periods are 0.95s (site period) and 0.2s. 


Table 3. Values of parameters used in D-MOD_2 for Gilroy 2
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1 7 750 120 G1 2096273 0.09 1887 0.85 0.75 0.24605 0.00184 2.8

2 7 750 120 G1 2096273 0.09 1887 0.85 0.75 0.24605 0.00184 2.8

3 7 750 120 G1 2096273 0.09 1887 0.85 0.75 0.24605 0.00184 2.8

4 7 750 120 G1 2096273 0.09 1887 0.85 0.75 0.24605 0.00184 2.8

5 7 750 120 G1 2096273 0.09 1887 0.85 0.75 0.24605 0.00184 2.8

6 5 1000 120 G1 3726708 0.09 3354 0.85 0.75 0.24605 0.00184 2.8

7 5 1000 120 G2 3726708 0.12 4472 0.9 0.85 0.25484 0.00190 2.9

8 6 1560 120 G2 9069317 0.12 10883 0.9 0.85 0.25484 0.00190 2.9

9 6 1560 120 G2 9069317 0.12 10883 0.9 0.85 0.25484 0.00190 2.9

10 6 1560 120 G2 9069317 0.12 10883 0.9 0.85 0.25484 0.00190 2.9

11 6 1560 120 G2 9069317 0.12 10883 0.9 0.85 0.25484 0.00190 2.9

12 6 1560 120 G2 9069317 0.12 10883 0.9 0.85 0.25484 0.00190 2.9

13 5 1000 120 G2 3726708 0.12 4472 0.9 0.85 0.25484 0.00190 2.9

14 6 1000 120 G3 3726708 0.15 5590 0.85 0.85 0.24605 0.00184 2.8

15 6 1000 120 G3 3726708 0.15 5590 0.85 0.85 0.24605 0.00184 2.8

16 7 1000 120 G3 3726708 0.15 5590 0.85 0.85 0.24605 0.00184 2.8

17 7 1000 120 G3 3726708 0.15 5590 0.85 0.85 0.24605 0.00184 2.8

18 7 1140 133 G3 5367913 0.15 8052 0.85 0.85 0.24605 0.00184 2.8

19 7 1140 133 G3 5367913 0.15 8052 0.85 0.85 0.24605 0.00184 2.8

20 6 1140 133 G3 5367913 0.15 8052 0.85 0.85 0.24605 0.00184 2.8

21 4 1230 133 G3 6248935 0.15 9373 0.85 0.85 0.24605 0.00184 2.8

22 8 1230 133 G4 6248935 0.045 2812 0.9 0.85 0.25484 0.00190 2.9

23 13 2100 133 G4 18215217 0.045 8197 0.9 0.85 0.25484 0.00190 2.9

24 13 2100 133 G4 18215217 0.045 8197 0.9 0.85 0.25484 0.00190 2.9

25 13 2100 133 G4 18215217 0.045 8197 0.9 0.85 0.25484 0.00190 2.9

26 13 2100 133 G4 18215217 0.045 8197 0.9 0.85 0.25484 0.00190 2.9

27 13 2100 133 G4 18215217 0.045 8197 0.9 0.85 0.25484 0.00190 2.9

28 13 2100 133 G4 18215217 0.045 8197 0.9 0.85 0.25484 0.00190 2.9

29 13 2100 133 G4 18215217 0.045 8197 0.9 0.85 0.25484 0.00190 2.9

30 13 2100 133 G4 18215217 0.045 8197 0.9 0.85 0.25484 0.00190 2.9

31 14 2100 133 G4 18215217 0.045 8197 0.9 0.85 0.25484 0.00190 2.9

32 14 2100 133 G4 18215217 0.045 8197 0.9 0.85 0.25484 0.00190 2.9

33 11 1550 133 G4 9923370 0.045 4466 0.9 0.85 0.25484 0.00190 2.9

34 12 1550 133 G4 9923370 0.045 4466 0.9 0.85 0.25484 0.00190 2.9

35 14 1730 133 G4 12361978 0.045 5563 0.9 0.85 0.25484 0.00190 2.9

36 15 1730 133 G4 12361978 0.045 5563 0.9 0.85 0.25484 0.00190 2.9

37 20 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

38 20 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

39 20 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

40 20 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

41 20 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

42 20 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

43 20 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

44 20 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

45 20 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

46 20 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

47 19 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

48 19 2300 133 G4 21850000 0.045 9833 0.9 0.85 0.25484 0.00190 2.9

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

Curve Fitting Parameters in MKZ Rayleigh Damping Coeff.*

* The chosen target periods are 1.18s (site period) and 0.25s. 


Code Usage Exercise Results

Figures 3 and 4 show the surface response spectra calculated from SHAKE and D-MOD2 for Treasure Island and Gilroy 2 respectively. These plots are based on outcropping motion with a compliant base. Both results obtained using simplified and full Rayleigh damping are shown. Also shown on each plot are the spectra of the outcropping input motion. 


For the Treasure Island site, the DMOD2 results (with full Raleigh damping) show lower spectral ordinates than SHAKE at long period (> 0.6 s) and higher spectral ordinates at shorter periods, leading to a significantly different spectral shape. For Gilroy 2, the D-MOD_2 and SHAKE results are generally very similar. The effect of Full Raleigh versus simplified Raleigh damping is significant, especially at short periods. The simplified Raleigh damping results are much lower than the other solutions (SHAKE or DMOD2 with full Raleigh damping) at short periods.  


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 D-MOD_2 agree well with those from SHAKE except at depths around 21 ft. For Gilroy 2, the maximum shear strains from D-MOD_2 are larger than those from SHAKE for depth above 275ft. The maximum strains from full Rayleigh damping formulation are generally larger than those from simplified Rayleigh damping formulation.
[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 

Surface Response Spectrum from SHAKE

Surface Response Spectrum from D-MOD_2 

(Full Rayleigh Damping)

Surface Response Spectrum from D-MOD_2 

(Simplified Rayleigh Damping)

5% Damping


Figure 3. Response spectra calculated from SHAKE and D-MOD_2 for Treasure Island Site
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Figure 4. Response spectra calculated from SHAKE and D-MOD_2 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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