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1.0 SCOPE

The waste-handling building (WHB) at the Yucca Mountain repository is a 
reinforced concrete structure with massive shear walls whose thicknesses 
are established by shielding requirements. The probabilities of seismic 
damage to the WHB are calculated in this paper. To determine these 
probabilities, seismic hazard curves for the site and fragility curves 
for the building were developed and combined. The details of this work 
are found in SNL (1988).

2.0 SEISMIC HAZARD

The seismic hazard analysis considers both ground acceleration at the WHB 
site and vertical ground rupture under the WHB. Standard methods 
(McGuire, 1976; 1978) were used to estimate the acceleration hazard 
assuming that there is no ground rupture under the WHB. The ground 
rupture hazard from unknown faults was estimated using a conservative 
approach developed in this study. The acceleration hazard associated 
with ground rupture under the WHB was also computed.

2.1 Acceleration Hazard

The faults in the Yucca Mountain region regarded as active for this study 
are shown in Figure 1. The base case activity rates of the faults and 
background seismicity were taken from URS/Blume (1987). These parameters 
were used to generate the base case acceleration hazard curve.

The uncertainty of the seismic hazard was estimated by varying 
significant model input parameters. To estimate the acceleration hazard, 
the following parameters were varied: attenuation model, slip model,
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focal depth, maximum magnitude, fault width, activity rate, b-value, slip 
rate vs fault length relation, and fault length vs magnitude relation.
The parameter variations were assigned weights, and all possible 
combinations were considered using a logic tree. A set of more than
60,000 ground acceleration hazard curves was generated and used to 
construct the 5, 50, and 95 percent confidence levels shown in Figure 2.

2.2 Ground Rupture Hazard

If all fault ruptures occur on known faults, the site rupture hazard will 
be zero. But since the Yucca Mountain site is in a highly faulted area, 
the possibility that an unknown fault exists under the WHB should be 
considered. The evaluation of the ground rupture hazard at the site for 
unknown faults is a new problem. Therefore, a variety of methods were 
developed in this study.

The methods for determining the rupture hazard at the site are based on 
both the probability that there is a fault under the WHB and the 
probability that the fault is not detected by a trenching program. Six 
different methods were used to estimate the rupture hazard: Midway 
Valley Fault (MV), imbricate faults, subsidiary fault rupture, random 
faulting (moment rate), random faulting within a 10 km cross section 
(strain rate), and random faulting as a function of slip rate (self 
similarity). The details of each method are briefly described in 
SNL (1988).

As with the acceleration hazard, the uncertainty in the ground rupture 
hazard was estimated by varying significant model parameters. In all, 
over 4,00i ;round rupture hazard curves were generated. The median 
ground rupture hazards from each of the six methods are shown in Figure 3.

The site characterization plan at Yucca Mountain includes an extensive 
trenching program. If no faults are discovered during the trenching 
program, there will be more confidence that a fault does not exist under 
the site. The rupture hazards will be modified to include this 
additional information.
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The curve in Figure 4 shows a subjective estimate of the probability that 
a trenching program will detect faults having various amounts of 
cumulative vertical displacement over 100,000 years in HV (SNL, 1988).
The probability estimates took into account the nature and degree of 
stratification in the Quaternary units and the age of the units that are 
expected to be encountered. The rupture hazard curves were then combined 
with the probability-of-detection curve to estimate the total rupture 
hazard after trenching (assuming that no faults are detected). The 5,
50, and 95 percent confidence levels for this set of rupture hazard 
curves are shown in Figure 5.

2.3 Conditional Acceleration Hazard

If ground rupture occurs under the site, there is an associated peak 
acceleration. This acceleration is computed by using zero distance in 
the selected attenuation relation. The 5, 50, and 95 percent confidence 
levels for the ground acceleration hazard associated with a vertical 
rupture greater than 1 cm are shown in Figure 6. A comparison of these 
hazards with the hazards independent of rupture (Figure 2) indicates that 
almost all of the ground acceleration hazard is a result of earthquakes 
on nearby faults and not a result of earthquakes that produce rupture 
under the WHB site.

3.0 FRAGILITIES OF THE WHB

3.1 Seismic Analysis and Design

The structural system of the WHB consists of shear walls and slabs 
ranging from 2.0 to ' 5 ft in thickness (SNL, 1987). Seismic joints 
separate the building into structurally independent blocks. The shear 
walls of the central part of the WHB are shown in Figure 7. This is the 
largest and heaviest structure in the building and has been selected for 
evaluation in this "study.

A dynamic analysis of the structure was performed, using the model shown 
in Figure 8, for ground acceleration with a peak value of 0.4 g. The 
response of the structure to a vertical fault rupture underneath was
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computed using a static analysis. Depending on the assumed location of 
the fault line, the building may either tilt or partially overhang its 
foundation following the fault rupture, as shown in Figure 9. These two 
configurations of the building were analyzed for the acceleration loading 
that accompanies the fault displacement.

The shear forces and torsional moments in each element of the model were 
distributed to the walls, taking into consideration the direction and 
location of each wall. Horizontal and vertical reinforcement of the 
walls were designed using the ACI-349 Code, 4,000 psi concrete, and 
60 ksi rebar. In addition, the shear forces in the walls were scaled by 
the PGA ratio and wall reinforcements were determined for a range of DBEs 
from 0.2 g to 1.0 g. The minimum reinforcement required by the code 
controlled the design for DBE levels of 0.2 g and 0.4 g for most of the 
walls.

3.2 Postulated Damage States

Four hypothetical damage states were defined for the shear walls. 
Interstory drift of shear walls was used as the parameter to quantify the 
damage states. The percentage drifts for light, moderate, heavy, and 
total damage states are 0.1, 0.2, 0.4, and 0.7, respectively.

3.3 Fragility Evaluation

Seismic fragility of structural elements is defined as the conditional 
probability that the element will achieve a predefined limit state (Cover 
et al., 1985; ASCE, 1986). These probabilities are computed based on the 
safety margin, F, for any limit -state expressed as

where F is the strength factor, F is the ductility factor, and s y
F is the response factor. These factors are assumed to be random

KS
variables with a lognormal distribution and represent the effect of 
several parameters.
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The strength factor is the ratio of the strength available to resist 
seismic loads to the design seismic loads (also referred to as the demand 
force). The ductility factor accounts for the inelastic energy 
absorption capacity of the structure. It is expressed in terms of the 
ductility ratio and the damping ratio. For the shear walls in the WHB, 
ductility ratios corresponding to the damage states were determined by 
taking the ratio of the story drifts to the assumed yield point drift of 
0.15 percent. The response factor accounts for the conservatism and 
approximations in the methods of analysis used to determine the demand 
forces.

Composite fragility curves and fragility curves with confidence intervals 
were computed for the shear walls of WHB for all four damage states and 
for five design levels. Figures 10 and 11 are examples of the composite 
fragility curves. They demonstrate the relationship between the 
probabilities of exceeding a damage state as a function of the PGA and 
the reduction in the probabilities as the DBE level is increased.
Figures 12 and 13 show the changes in the failure probabilities as the 
confidence level varies from 5 to 95 percent. All of these fragility 
curves are for the case of a ground acceleration without a fault rupture 
under the building. A sample of the fragility curves for a fault 
condition under the WHB is given in Figure 14, which corresponds to a 
vertical acceleration loading on the building together with 10 cm of 
vertical fault displacement.

4.0 DAMAGE PROBABILITIES

Seismic hazard curves and the fragility curves were convolved to obtain
overall damage probabilities for all the d«. Ign levels considered.
Figure 15 shows the median estimate of these probabilities for four

-6damage states. These probabilities are less than 10 for design
levels as low as 0.2 g and for any damage state. The probability of

-8 -10exceeding a moderate damage state is 1.7 x 10 and 5 x 10 for the 
0.2 g and 1.0 g designs, respectively. Figure 16 shows the damage 
probabilities with confidence intervals. The probabilities with a 
95 percent confidence level may be 2 to 4 orders of magnitude larger than 
the median estimates. The contribution of the fault displacement to
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th*t« probabilitita it inaltnifleant. Thia la nainly dua to tha vary lew 
probability of a fault rupture under tha bulldins and tha low hasard 
valuaa for tha aecompanyint aeealaration.

5.0 CONCLUSION

Tha computed damage probabllltlaa for tha WKI are vary low for all tha 
dealgn lavela considered. Therefore, tha WHB poses a vary low 
aeiamleally Induced risk even at seismic design levels as low as 0.2 g.
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Figura 7. Shaar Ualli of tha Cantral Part of tha 
WHB at tha Flrat Floor (Elevation -25 ft to Graria)

Figura 9. Tiltad and Cantllavarad Rasponias 
of tha WHB to a Fault Ruptura
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Figura 11. Compoalto Fragility Curvaa for 
tha Avaraga Wall, 1.0 g Dealgn

Figura S. Salamic Modal of tha WHB
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Figura 10. Compoalta Fragility Curvaa for 
tha Avaraga Wall, 0.4 g Daalgn

Figura 12. Fragility Curvaa with Confidence 
Intervale for tha Light Damage State of tha 
0.2 g and 0.* g Daalgna
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Flgur* 13. Fragility Curvaa with Confldanca 
Intarvala for tha Total Damaga Stata of tha 
0.2 g and 0.4 g Daalgna
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Figura 14. Fragility Curvaa with Confldanca 
Intarvala for tha Caaa with a Fault Ruptura 
Under tha UHB for tha Total Damaga stata of 
tha 0.4 g Daalgn
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Figure IS. Hadlan Estimate of Damaga 
Probabllltlaa of tha WHB

Figure It. Damage Probability with Confldanca 
Intarvala for tha 0.2 g and 0.4 g Daalgna
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APPENDIX

Candidate Information 
for the

Reference Information Base

Figure 1. Fault Map of the Yucca Mountain 
Region (from URS/Blume, 1987) 

is Candidate Information for the RIB

Candidate Information 
for the

Site & Engineering Properties Data Base

This report contains no candidate information for the Site and Engineering 
Properties Data Base.


