Report on Code Usage Exercise for OpenSeesTP 

Notes regarding observed code limitations and opportunities for improvement of user’s manual 
1. Useful information on how to use OpenSeesTP is contained in a series of emails from code developer Yang. It is recommended that a user’s manual be compiled that includes all this information as well as the descriptions of soil models (which are now described in the file “OSManual_UCSD_soil_models_2004.pdf”). 
2. In OpenSeesTP, users have two basic options for specifying a material model. In Option 1, the parameters of a hyperbolic model are specified, and by adjusting the model parameters, one can attempt to “optimize” the fits of both modulus reduction and damping. In Option 2, the specific ordinates of a modulus reduction curve are specified. The program automatically calculates the corresponding damping ordinates using Masing Criteria.

In Option 1, the parameters that describe the backbone curve consist of strength parameters (friction angle, cohesion), peak shear strain max, Gmax, and pressure-dependent coefficients. It is not clear from the users manual how most of those parameters would be specified in practice. Let’s begin with the strength and max parameters. These will not be available for most applications, particularly at depth. It would be helpful to users if an option were added (perhaps a suboption with Option 1) in which reference strain could be a specified parameter in lieu of strength parameters and max. The advantages of the sub-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 (as the shear strain where G/Gmax = 0.5). 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). A comment regarding the pressure-dependent coefficients is given in (4) below. 
In Option 2, the modulus reduction curve is specified directly, and is used to construct the backbone curve through the use of additional strength parameters (friction angle, cohesion, reference pressure for friction angle) and Gmax.  In the case where friction is zero, the cohesion parameter is not used (per the file ‘OSManual_UCSD_soil_models_2004.pdf’), and the program makes an assumption regarding extrapolation. Some justification for this extrapolation should be provided. Also, if the user doesn’t need to provide cohesion, then that should be made clear so that unnecessary effort does not go into specifying it. In the case where friction is non-zero, apparently friction angle is not used to construct the backbone curve (according to ‘OSManual_UCSD_soil_models_2004.pdf’), which does not make sense. 
3. Using either Option 1 or 2, the material model utilized in OpenSeesTP seems to be incapable of accurately capturing the damping at large strains when the modulus reduction curve is fit accurately. The damping is usually overestimated. It is recommended to include in the users manual guidelines on how users might attempt to trade off between the fits of modulus reduction and damping curves. If the soil model in OpenSees is such that it is not possible to fit damping well, this should be noted in the users manual, and the conditions for which it is and is not a problem should be defined. This will enable users to know that they are not necessarily making a mistake when a poor fit is obtained. 
4. We suggest that discussion on how to handle confining pressure dependency (required for Option 1) should be included in the manual. For example, users 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.
5. 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 user’s manual. These guidelines are needed both for the case where the input motion was recorded as outcropping (on the ground surface) and within (in a borehole). 
6. It is recommended to specify clearly what parameters are actually used by the program when total stress analysis option is used. Moreover, user’s manual should recommend users to use “U-clay” instead of “U-sand” in total stress analysis (for both Options 1 and 2), even if the soil type under consideration is clay. This is because U-sand requires the specification of dilation angle, and compatibility problems with the Gmax value and modulus reduction curve may arise. 
7. The damping value generated from OpenSees 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.  

8. It is recommended to include guidelines on how to choose viscous damping ratio and the target frequencies in the user’s manual. 
9. 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, 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.
10. It is recommended to show the modulus reduction and damping curves for the pre-defined materials (Option 2) and to add a window which allows users to compare their fitted modulus reduction and damping curves (from Option 1 or 2) with well-known “standard” curves such as Seed and Idriss (1970), EPRI (1993), and Vucetic and Dobry (1991). 

11. It may be necessary to remind users of Option 2 to close the “g_d.txt” (which contains the modulus and damping curves generated by OpenSeesTP) before closing the “define material property” window in OpenSeesTP, otherwise the program will encounter an error and shut down. 
12. It may be helpful to allow users to save their models (generated using either Options 1 or 2) when they define the soil properties. 
13. When defining a modulus reduction curve using Option 2, the first G/Gmax value is fixed to one in OpenSeesTP. It may be necessary to explain to user why it is fixed.
14. 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. 

Parameter selection procedure utilized by UCLA team

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 curves in red are obtained using Option 2 (hence the modulus reduction curve matches exactly the laboratory value). The curves in blue are obtained using Option 2 by changing the ordinates of the MR curve (so as to get a better fit for the damping curve). Tables 1 and 2 summarize the values of parameters used as input of OpenSeesTP for Treasure Island and Gilroy 2 respectively (all parameters are the same for the red and blue curves except for the ordinates of modulus reduction and damping curves). 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, damping ratio of 1% at frequencies 1 and 6 Hz is used for the Treasure Island site as the low strain damping is about 1%. Damping ratios of 1% at frequencies 1 and 6 Hz are used for Gilroy 2 site.
 [image: image1.emf]0.0001 0.001 0.01 0.1 1

0

0.2

0.4

0.6

0.8

1

G

/

G

m

a

x

0.0001 0.001 0.01 0.1 1

0

10

20

30

40

D

a

m

p

i

n

g

 

R

a

t

i

o

 

(

%

)

0.0001 0.001 0.01 0.1 1

Cyclic Shear Strain (%)

0

0.2

0.4

0.6

0.8

1

G

/

G

m

a

x

0.0001 0.001 0.01 0.1 1

Cyclic Shear Strain (%)

0

10

20

30

40

D

a

m

p

i

n

g

 

R

a

t

i

o

 

(

%

)

Measured

OpenSeesTP

(use measured MR curve)

OpenSeesTP

(fit MR and damping iteratively)

T1

T1

T2 T2


Figure 1. Measured and fitted curves for Treasure Island site (note that the damping plotted for the OpenSees 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 OpenSees model does not include the viscous damping term, which controls at small strains)

Table 1. Values of parameters used in OpenSeesTP for Treasure Island

[image: image4.emf]Layer# SublayersThickness Thickness Vs  Vs Density Density M.R. & D. CurvesG

max

 (or G

mo

)G

max

 (or G

mo

)B

max

 (Bulk Modulus)

(ft) (m) (ft/s)(m/s) (pcf) (ton/m3)(Curve number) (psf) kPa kPa

1 2 8.20 2.50 575 175 120 1.92 T1 1232143 58995 176985

2 5 18.10 5.52 438 134 120 1.92 T1 714947 34232 102695

3 3 15.40 4.69 584 178 120 1.92 T1 1271016 60856 182569

4 1 2.40 0.73 584 178 110 1.76 T1 1165098 55785 167355

5 3 16.00 4.88 584 178 110 1.76 T2 1165098 55785 167355

6 2 10.00 3.05 680 207 110 1.76 T2 1579627 75633 226898

7 5 24.50 7.47 540 165 110 1.76 T2 996149 47696 143087

8 2 15.50 4.72 1041317 114 1.83 T2 3836635 183698 551094

9 5 36.30 11.06 877 267 114 1.83 T2 2723003 130377 391132

10 8 62.70 19.11 877 267 128 2.05 T2 3057407 146389 439166

11 6 37.00 11.28 877 267 115 1.84 T2 2746889 131521 394563

12 3 27.00 8.23 1266386 115 1.84 T2 5724129 274071 822214

13 2 15.70 4.79 1266386 125 2.00 T2 6221879 297904 893711

14 1 13.10 3.99 37721150 125 2.00 T2 55232857 2644549 7933648

15 1 26.20 7.99 62321900 125 2.00 T2 150767950 7218769 21656308

H.S. 85302600 125 2.00 - -


Table 2. Values of parameters used in OpenSeesTP for Gilroy 2
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1 5 35 10.67 750 229 120 1.92 G1 2096273 100370 301109

2 1 5 1.52 1000 305 120 1.92 G1 3726708 178435 535304

3 1 5 1.52 1000 305 120 1.92 G2 3726708 178435 535304

4 5 30 9.14 1560 475 120 1.92 G2 9069317 434239 1302717

5 1 5 1.52 1000 305 120 1.92 G2 3726708 178435 535304

6 4 26 7.92 1000 305 120 1.92 G3 3726708 178435 535304

7 3 20 6.10 1140 347 133 2.13 G3 5367913 257016 771047

8 1 4 1.22 1230 375 133 2.13 G3 6248935 299199 897597

9 1 8 2.44 1230 375 133 2.13 G4 6248935 299199 897597

10 10 132 40.23 2100 640 133 2.13 G4 18215217 872145 2616434

11 2 23 7.01 1550 472 133 2.13 G4 9923370 475131 1425393

12 2 29 8.84 1730 527 133 2.13 G4 12361978 591892 1775675

13 12 238 72.54 2300 701 133 2.13 G4 21850000 1046178 3138534

H.S. 39001189 162 2.60 - -


Code Usage Exercise Results

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


For Treasure Island, the pseudo spectral accelerations calculated from OpenSeesTP are smaller than those calculated from SHAKE between periods of 0.3 s and 2.0 s but are similar otherwise. For Gilroy 2, the SHAKE and OpenSeesTP results are very similar to each other. 

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 OpenSeesTP and SHAKE seem to agree well across the entire soil column. 
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Figure 3. Response spectra calculated from SHAKE and OpenSeesTP for Treasure Island Site
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Figure 4. Response spectra calculated from SHAKE and OpenSeesTP 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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