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Robert Pyke, Consulting Engineer

January 15, 2005

Rutherford & Chekene
427 Thirteenth Street
Oakland, CA 94612

Attention: Gyimah Kasali

Re:  Stanford Linear Accelerator Center
LINAC Coherent Light Source Tunnel Project
Seismic Design

Dear Gyimah,

At your request I have addressed the seismic issues contained in the SLAC Geotechnical
Investigation and Report Needs List prepared by Jacobs Engineering on 2/4/2004.

1. For design in accordance with the 2001 California Building Code the following parameters
should be used:

(a) Soil Profile Type Sc

(b) Near Source Factors Na=1.5, Nv=2.0

(¢) Seismic Source Type A
The building code does not specifically cover below ground structures but it would be
conservative to use the same parameters in conjunction with a UBC type spectrum.

2. Site specific spectra are provided in the Specification for Seismic Design of Buildings,
Structures, Equipment and Systems at the Stanford Linear Accelerator Center dated December
4, 2000. The digital values that correspond to the curves for 5 percent damping that are shown
in Figures 1 and 2 of that report, extrapolated out to a period of 10 seconds, are attached to this
report. The 5 percent damped horizontal response spectrum is generally similar to the CBC
spectrum constructed using the parameters recommended above. The SLAC spectra are said to
be applicable to structures including tunnels but the ground response analyses that are described
subsequently in this report suggest that they may be conservative at most periods for the design
of below ground structures. However, more detailed two dimensional soil-cavity interaction
studies would be required to confirm this finding if it is proposed to take advantage of the
reduced motions below the free surface.

3. Tunneling and buried structure parameters:

(a) In view of the proximity of the site to the San Andreas fault it can be assumed that
horizontal motions will result primarily from vertically propagating shear waves and that vertical
motions will result primarily from vertically propagating P-waves.
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(b) Values are for SLAC design earthquake:
(i) Shear wave velocity: 1850 ft/sec
(ii) P-wave velocity: 4000 ft/sec
(iii) Rayleigh wave velocity: similar to shear wave but not applicable at this site
(iv) Peak displacement: 0.04 ft horizontal, 0.006 ft vertical
(v) Modulus of elasticity: 64,000,000 psf
(vi) Poisson's ratio: 0 to 0.1 - use 0.075 for design
(vii) Racking deformation: 0.004 ft per 10 feet
(viii) Peak acceleration: 0.6g horizontal and vertical
(xi) Peak velocity: 2.6 ft/sec horizontal, 1.3 ft/sec vertical

In order to estimate the peak acceleration, velocity and displacement and the racking at
the tunnel depth one-dimensional nonlinear site response analyses were conducted at each of the
four locations marked on the cross-section in Figure 1.

A suite of three three-component acceleration histories was used as the input to these
analyses. The three sets of acceleration histories were originally developed by Dr Norman
Abrahamson to represent motions generated by a large event on the San Andreas fault for the
design of the new East Bay Bridge. These motions were fitted to the SLAC spectra using a
frequency domain fitting procedure that is included in the program TINKER (TAGAsoft, 1999).
In order to fit the acceleration histories to the broad banded design spectra the zero period
accelerations were assumed to be 0.75g in both the horizontal and vertical directions as shown
in Figure 2. A copy of the modified acceleration histories has been forwarded to you by e-mail
and plots that show the fit to the target spectra and the acceleration, velocity and displacement
histories are attached.

Four soil profiles for analysis were constructed for both horizontal and vertical motions
using the geometry shown in Figure 1 and the shear and compression wave velocity
measurements made in your site investigation. The site response analyses were conducted using
the program TESS (TAGAsoft, 1999). TESS is generally similar in purpose to the well-known
program SHAKE but uses nonlinear soil properties instead of "equivalent linear" properties and
provides more meaningful values of the computed displacements. The assumed profiles and
summaries of the results that were obtained are shown in the attached computer outputs.

The values for the peak acceleration, velocity and displacement did not vary greatly from
one profile to another and from one set of motions to another and the values reported above are
conservative average values for all four profiles. The value reported above for racking of 0.004
ft per 10 feet is an upper bound for all four profiles and applies most directly to Profile 4. Less
conservative values of 0.003 ft and 0.002 ft per 10 feet can be used for Profiles 1 and 3 and 2,
if desired.

incerely, p ,
GE0O702

7 Exp. 03-31-05

Robert Pyke, Ph.D., G.E.
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SLAC Regponse Spectra
From Report Dated
December 4, 2000

HORIZONTAL
PERIOD IN SECONDS AMPLITUDE - ¢
.010 1.5
.020 1.5
.030 1.5
. 040 1.5
.050 1.5
.060 1.5
.075 1.5
.090 1.5
.100 1.5
.150 1.5
.200 1.5
.300 1.5
.400 1.5
.500 1.5
.600 1.35
L7150 1.2
. 850 1.1
1.000 0.95
1.500 0.6
2.000 .4
3.000 .2
4.000 .12
5.000 .08
6. 058
7. 042
8. 033
9. 025
10. 02
VERTICAL
PERIOD IN SECONDS AMPLITUDE - g
.010 0.75
.020 0.75
:030 0.75
. 040 1.0
.080 1.8
.060 1.5
.075 1.5
.090 i.5
.100 1.5
.150 1.5
.200 1.5
.300 1.3
.400 1.15
.500 1.0
.600 .85
. 750 .7
.850 .6
1.000 .5
1.500 .3
2.000 .2
3.000 .1
4.000 .06
5.000 .04
6. .028
7. .02
8. 015
9. .012
10. .01
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