Impact of hazard-consistent ground motion duration in
structural collapse risk assessment

Digital Appendix

Reagan Chandramohan, Jack W. Baker, and Gregory G. Deierlein

Department of Civil and Environmental Engineering, Stanford University, Stanford, CA, USA

May 26, 2016
Version 2.1

Contents
1 Overview 2
2 Source-specific targets 3
2.1 Seattle . . .. 3
2.2 Bugene . . ... e e e e 3
23 SanFrancisco . . . . . .. 4
3 Selected ground motions 5
3.1 Seattle . . ... 5
3.1.1  5,(1.8s) = 0.17 g intensity level (4.70 % in 50 year hazard level) . . . .. .. 5
3.1.2  S,(1.8s) = 0.20 g intensity level (3.31 % in 50 year hazard level) . . .. ... 8
3.1.3  5,(1.8s) = 0.24 g intensity level (2.00 % in 50 year hazard level) . . ... .. 11
3.14 S,(1.8s) = 0.28 g intensity level (1.34 % in 50 year hazard level) . . ... .. 14
3.1.5  S,(1.8s) = 0.32 g intensity level (1.00 % in 50 year hazard level) . . . .. .. 17
3.1.6  S,(1.8s) = 0.36 g intensity level (0.67 % in 50 year hazard level) . . . .. .. 20
3.1.7 5,(1.8s) = 0.40 g intensity level (0.50 % in 50 year hazard level) . . ... .. 23
3.1.8  S,(1.8s) = 0.49 g intensity level (0.25 % in 50 year hazard level) . . . . . .. 26
32 Bugene . ... e e e e e e 29
32.1 S,(1.8s) = 0.14 g intensity level (4.70 % in 50 year hazard level) . . . .. .. 29
322 S,(1.8s) = 0.17 g intensity level (3.31 % in 50 year hazard level) . . . .. .. 32
323  5,(1.8s) = 0.23 g intensity level (2.00 % in 50 year hazard level) . . . .. .. 35
324 S,(1.8s) = 0.28 g intensity level (1.34 % in 50 year hazard level) . . .. . .. 38
3.2.5 5,(1.8s) = 0.32 g intensity level (1.00 % in 50 year hazard level) . . ... .. 41
32.6 S,(1.8s) = 0.38g intensity level (0.67 % in 50 year hazard level) . .. .. .. 44
32.7  S,(1.8s) = 0.42 g intensity level (0.50 % in 50 year hazard level) . . . .. .. 47
328 S,(1.8s) = 0.55 g intensity level (0.25 % in 50 year hazard level) . . . . . .. 50
33 SanFrancisco . . . . . ... 53
33.1 S,(1.8s) = 0.27 g intensity level (4.70 % in 50 year hazard level) . . ... .. 53
332 5,(1.8s) = 0.31 g intensity level (3.31 % in 50 year hazard level) . . ... .. 54
333  S,(1.8s) = 0.37 g intensity level (2.00 % in 50 year hazard level) . . . .. .. 55
334 S,(1.8s) = 0.42 g intensity level (1.34 % in 50 year hazard level) . . . .. .. 57



3.3.5 S,(1.8s) = 0.46 g intensity level (1.00 % in 50 year hazard level) . . . .. .. 58
33.6 S5,(1.8s) = 0.51 g intensity level (0.67 % in 50 year hazard level) . . . .. .. 59
33.7 5,(1.8s) = 0.55 g intensity level (0.50 % in 50 year hazard level) . . ... .. 61
3.3.8 5,(1.8s) = 0.65 g intensity level (0.25 % in 50 year hazard level) . . . .. .. 62
4 Collapse fragility curves 63

1 Overview

This document provides additional data and plots describing the structural collapse risk calculations
presented in Chandramohan et al. [1].

Section 2 tabulates the source-specific conditional median target Dss_~75 (5-75% significant dura-
tion) values, and the corresponding percentage contributions to the total seismic hazard from each type
of seismic source, conditional on the exceedance of S, (1.8s), at the eight different intensity levels, and
the three considered sites in Seattle (Washington), Eugene (Oregon), and San Francisco (California).

Section 3 contains plots of the Ds5_75 and response spectra of the ground motions selected in all
three ground motion groups: the CS and duration group, the CS only control group, and the CS and
causal parameters group, at the eight different ground motion intensity levels, and the three considered
sites. These groups of ground motions were used to estimate the collapse risk of an eight-story rein-
forced concrete moment frame building using the multiple stripe analyses technique [2]. Plots of the
Dss5_75 and response spectra of the selected ground motions are overlaid against their corresponding
source-specific target distributions.

The ground motions in the CS and duration group were selected to match the source-specific target
distributions of Ds5_75 and response spectra at each intensity level. Ground motions to match targets
corresponding to interface earthquakes were selected from a pool of 3955 ground motions recorded
from the following large magnitude interface earthquakes: 1974 Lima (Peru), 1985 Valparaiso (Chile),
1985 Michoacan (Mexico), 2003 Hokkaido (Japan), 2010 Maule (Chile), and 2011 Tohoku (Japan).
The process by which these ground motions were baseline corrected and filtered is described in the
digital appendix to Chandramohan et al. [3]. Ground motions to match targets corresponding to both
crustal and in-slab earthquakes were selected from the PEER NGA-West2 database [4].

The ground motions in the CS only control group, on the other hand, were selected to match the
source-specific target distributions of response spectra only, without imposing any constraints on the
Dss_75 of the selected ground motions. For this group, ground motions corresponding to all types of
seismic sources were chosen from the PEER NGA-West2 database.

The ground motions in the CS and causal parameters group were also selected to match the
source-specific target distributions of response spectra only, but in addition, only those ground motions
recorded from earthquakes whose magnitudes and source-to-site distances lie within an allowable range
around the mean magnitude and source-to-site distance of earthquakes from each type of contributing
source, obtained from seismic hazard deaggregation results [5], were considered for selection. Con-
straints were also placed on the site Vsgo of the ground motions selected from the PEER NGA-West2
database, assuming the structure is located on a rock site with Vszg = 760 m/s. Since this information
was not available for the ground motions recorded from the large magnitude interface earthquakes, the
Vs3o constraint was not imposed on the ground motions selected to match targets corresponding to
interface earthquakes. The constraints imposed on the magnitude, source-to-site distance, and site Vs3q
of the selected ground motions are summarized in tables.

Section 4 contains plots of the collapse fragility curves of the eight-story reinforced concrete mo-
ment frame building, estimated using the three different groups of ground motions, selected for each
of the three considered sites. The plots also contain the seismic hazard curves and the MCER ground
motion intensity levels at each site.



2 Source-specific targets

2.1 Seattle

Table 1: Source-specific conditional median target Dss_75 values, and the corresponding percentage
contributions to the total seismic hazard from each type of seismic source (indicated in parentheses),
conditional on different exceedance probabilities of S, (1.8s) at Seattle.

Intensity level Hazard level Interface In-slab Crustal

Sa.(1.8s)(g) % in 50 years earthquakes earthquakes earthquakes
0.17 4.70 365 (42 %) 95 (30 %) 55 (28 %)
0.20 3.31 365 (44 %) 95 (27 %) 55 (29 %)
0.24 2.00 365 (47 %) 95 (22 %) 55 (31 %)
0.28 1.34 375 (49 %) 95 (19 %) 65 (32 %)
0.32 1.00 375 (50 %) 95 (17 %) 65 (33 %)
0.36 0.67 375 (52 %) 95 (14 %) 65 (34 %)
0.40 0.50 375 (52 %) 9s (12 %) 65 (35 %)
0.49 0.25 375 (54 %) 95 (8 %) 65 (38 %)

2.2 Eugene

Table 2: Source-specific conditional median target Dss_75 values, and the corresponding percentage
contributions to the total seismic hazard from each type of seismic source (indicated in parentheses),
conditional on different exceedance probabilities of S, (1.8s) at Eugene.

Intensity level Hazard level Interface In-slab Crustal
S.(1.85)(g) % in 50 years earthquakes earthquakes earthquakes

0.14 4.70 335 (91 %) 95 (9 %) -

0.17 331 335(93 %) 95 (7 %) -

0.23 2.00 335 (95 %) 95 (5 %) -

0.28 1.34 345 (96 %) 95 (4 %) -

0.32 1.00 345 (97 %) 95 (3%) -

0.38 0.67 345 (98 %) 95 (2 %) -

0.42 0.50 345 (98 %) 95 (2 %) -

0.55 0.25 345 (99 %) 9s (1%) -




2.3 San Francisco

Table 3: Source-specific conditional median target Dss_75 values, and the corresponding percentage
contributions to the total seismic hazard from each type of seismic source (indicated in parentheses),
conditional on different exceedance probabilities of S, (1.8s) at San Francisco.

Intensity level Hazard level Interface In-slab Crustal

Sa.(1.8s)(g) % in 50 years earthquakes earthquakes earthquakes
0.27 4.70 - - 11 (100 %)
0.31 3.31 - - 11 (100 %)
0.37 2.00 - - 115 (100 %)
0.42 1.34 - - 125 (100 %)
0.46 1.00 - - 125 (100 %)
0.51 0.67 - - 125 (100 %)
0.55 0.50 - - 125 (100 %)
0.65 0.25 - - 125 (100 %)




3 Selected ground motions

3.1 Seattle

3.1.1 S,(1.8s) = 0.17 g intensity level (4.70 % in 50 year hazard level)

3.1.1.1 CS and duration group
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Figure 1: Dss_75 and response spectra of the ground motions selected in the CS and duration group at
the S,(1.8s) = 0.17 g intensity level (4.70 % in 50 year hazard level) in Seattle.



3.1.1.2 CS only group
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Figure 2: Ds5_75 and response spectra of the ground motions selected in the CS only group at the
S, (1.88) = 0.17 g intensity level (4.70 % in 50 year hazard level) in Seattle.



3.1.1.3 CS and causal parameters group

Table 4: Constraints on the magnitude, M, source-to-site distance, R, and site Vs3q of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.17g intensity level (4.70 % in 50 year hazard level) in
Seattle.

Seismic Target mean Selection constraints No.of  No. of
S(t)urce M R VSBO Mmin Mmam Rmin Rmam VSBO,min Vs30,mam Sl“tal:;e Se]ethld
ype (km)  (m/s) (km) (km)  (m/s) (m/s) ~ records records
Interface 8.9 117 760 8.6 9.2 77 157 - - 204 42
In-slab 6.9 65 760 6.4 7.4 45 85 360 1160 98 30
Crustal 6.9 9 760 6.4 7.4 4 14 360 1160 97 28
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Figure 3: Dss5_75 and response spectra of the ground motions selected in the CS and causal parameters
group at the S, (1.8s) = 0.17 g intensity level (4.70 % in 50 year hazard level) in Seattle.



3.1.2 S,(1.8s) = 0.20 g intensity level (3.31 % in 50 year hazard level)

3.1.2.1 CS and duration group
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Figure 4: Ds5_~5 and response spectra of the ground motions selected in the CS and duration group at
the S, (1.8s) = 0.20 g intensity level (3.31 % in 50 year hazard level) in Seattle.



3.1.2.2 CS only group
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Figure 5: Dss_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.88) = 0.20 g intensity level (3.31 % in 50 year hazard level) in Seattle.



3.1.2.3 CS and causal parameters group

Table 5: Constraints on the magnitude, M, source-to-site distance, R, and site Vssg of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.20g intensity level (3.31 % in 50 year hazard level) in
Seattle.

Seismic Target mean Selection constraints No.of  No. of
source — 5 suitable selected

type M R VSBO Mmin Mmam Rmin Rmam VSBO,min Vs30,mam records records
yp (km) (m/s) (km) (km) (m/s) (m/s)

Interface 8.9 116 760 8.6 9.2 76 156 - - 187 44
In-slab 6.9 64 760 6.4 7.4 44 84 360 1160 74 27
Crustal 6.9 8 760 6.4 7.4 3 13 360 1160 90 29
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Figure 6: Dss5_75 and response spectra of the ground motions selected in the CS and causal parameters
group at the S, (1.8s) = 0.20 g intensity level (3.31 % in 50 year hazard level) in Seattle.
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3.1.3 S,(1.8s) = 0.24 g intensity level (2.00 % in 50 year hazard level)

3.1.3.1 CS and duration group
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Figure 7: Ds5_~5 and response spectra of the ground motions selected in the CS and duration group at
the S, (1.8s) = 0.24 g intensity level (2.00 % in 50 year hazard level) in Seattle.
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3.1.3.2 CS only group
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Figure 8: Dss5_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.88) = 0.24 g intensity level (2.00 % in 50 year hazard level) in Seattle.
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3.1.3.3 CS and causal parameters group

Table 6: Constraints on the magnitude, M, source-to-site distance, R, and site Vssq of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.24 g intensity level (2.00 % in 50 year hazard level) in
Seattle.

Seismic Target mean Selection constraints No.of  No. of
source — 5 suitable selected

type M R VSBO Mmin Mmam Rmin Rmam VSBO,min Vs30,mam records records
yp (km)  (m/s) (km)  (km) (m/s) (m/s)

Interface 8.9 114 760 8.6 9.2 74 154 - - 168 47
In-slab 6.9 62 760 6.4 7.4 42 82 360 1160 48 22
Crustal 6.9 7 760 6.4 7.4 2 12 360 1160 82 31
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Figure 9: Dss5_75 and response spectra of the ground motions selected in the CS and causal parameters
group at the S, (1.8s) = 0.24 ¢ intensity level (2.00 % in 50 year hazard level) in Seattle.
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3.14 S,(1.8s) = 0.28 g intensity level (1.34 % in 50 year hazard level)

3.1.4.1 CS and duration group
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Figure 10: Ds5_75 and response spectra of the ground motions selected in the CS and duration group
at the S, (1.8s) = 0.28 g intensity level (1.34 % in 50 year hazard level) in Seattle.
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3.1.4.2 CS only group
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Figure 11: Ds5_75 and response spectra of the ground motions selected in the CS only group at the

S.(1.8s) = 0.28 g intensity level (1.34 % in 50 year hazard level) in Seattle.
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3.1.4.3 CS and causal parameters group

Table 7: Constraints on the magnitude, M, source-to-site distance, R, and site Vs3q of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.28 g intensity level (1.34 % in 50 year hazard level) in
Seattle.

Seismic Target mean Selection constraints No.of  No. of

source — = suitable selected
type M R VSBO Mmin Mmam Rmin Rmam VSBO,min Vs30,mam records records
yp (km)  (m/s) (km)  (km) (m/s) (m/s)

Interface 8.9 113 760 8.6 9.2 73 153 - - 151 49
In-slab 7.0 61 760 6.5 7.5 41 81 360 1160 47 19
Crustal 6.9 6 760 6.4 7.4 1 11 360 1160 71 32
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Figure 12: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.28 g intensity level (1.34 % in 50 year hazard level) in Seattle.

16



3.1.5 S,(1.8s) = 0.32 g intensity level (1.00 % in 50 year hazard level)

3.1.5.1 CS and duration group
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Figure 13: Ds5_75 and response spectra of the ground motions selected in the CS and duration group
at the S,(1.8s) = 0.32 g intensity level (1.00 % in 50 year hazard level) in Seattle.
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3.1.5.2 CS only group
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Figure 14: Ds5_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.88) = 0.32 g intensity level (1.00 % in 50 year hazard level) in Seattle.
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3.1.5.3 CS and causal parameters group

Table 8: Constraints on the magnitude, M, source-to-site distance, R, and site Vs3g of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.32g intensity level (1.00% in 50 year hazard level) in
Seattle.

Seismic Target mean Selection constraints No.of  No. of

source — 5 suitable selected
type M R VSBO Mmin Mmam Rmin Rmam VSBO,min Vs30,mam records records
yp (km)  (m/s) (km)  (km) (m/s) (m/s)

Interface 8.9 112 760 8.6 9.2 72 152 - - 141 50
In-slab 7.0 60 760 6.5 7.5 40 80 360 1160 33 17
Crustal 6.9 6 760 6.4 7.4 1 11 360 1160 67 33
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Figure 15: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.32 g intensity level (1.00 % in 50 year hazard level) in Seattle.
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3.1.6 S,(1.8s) = 0.36 g intensity level (0.67 % in 50 year hazard level)

3.1.6.1 CS and duration group
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Figure 16: Ds5_75 and response spectra of the ground motions selected in the CS and duration group
at the S, (1.8s) = 0.36 g intensity level (0.67 % in 50 year hazard level) in Seattle.
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3.1.6.2 CS only group
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Figure 17: Ds5_75 and response spectra of the ground motions selected in the CS only group at the
S, (1.8s) = 0.36 g intensity level (0.67 % in 50 year hazard level) in Seattle.
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3.1.6.3 CS and causal parameters group

Table 9: Constraints on the magnitude, M, source-to-site distance, R, and site Vssq of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.36g intensity level (0.67 % in 50 year hazard level) in
Seattle.

Seismic Target mean Selection constraints No.of  No. of

source — 5 suitable selected
type M R VSBO Mmin Mmam Rmin Rmam VSSO,min VsSO,mam records records
yp (km) (m/s) (km) (km) (m/s) (m/s)

Interface 8.9 111 760 8.6 9.2 71 151 - - 132 52
In-slab 7.0 58 760 6.5 7.5 38 78 360 1160 28 14
Crustal 7.0 5 760 6.5 7.5 0 10 360 1160 68 34
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Figure 18: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.36 g intensity level (0.67 % in 50 year hazard level) in Seattle.
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3.1.7 S,(1.8s) = 0.40 g intensity level (0.50 % in 50 year hazard level)

3.1.7.1 CS and duration group
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Figure 19: Ds5_75 and response spectra of the ground motions selected in the CS and duration group
at the S,(1.8s) = 0.40 g intensity level (0.50 % in 50 year hazard level) in Seattle.
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3.1.7.2 CS only group
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Figure 20: Ds5_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.88) = 0.40 g intensity level (0.50 % in 50 year hazard level) in Seattle.
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3.1.7.3 CS and causal parameters group

Table 10: Constraints on the magnitude, M, source-to-site distance, R, and site Vssg of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.40g intensity level (0.50 % in 50 year hazard level) in
Seattle.

Seismic Target mean Selection constraints No.of  No. of

source — — suitable selected
type M R VSBO Mmin Mmam Rmin Rmam VSSO,min VsSO,mam records records
yp (km) (m/s) (km) (km) (m/s) (m/s)

Interface 8.9 110 760 8.6 9.2 70 150 - - 129 52
In-slab 7.0 58 760 6.5 7.5 38 78 360 1160 26 12
Crustal 7.0 5 760 6.5 7.5 0 10 360 1160 61 36

1.0 - 10 -
‘;‘ Selection
E ——— Target
<
©

]

g

o 05+

2
45 . .
= Selection geometric mean =
g — — — Target median
6 0.0\ _ e , 0.01 .. T T.arg.el 2..5.ar.1d.9l7.5 percent.ile o

1 10 100 200 0.1 1 4

Dss_75 (s) T (s)
(a) Interface earthquakes: 52 / 100 ground motions
1.0 - =

‘? Selection -7
E ——— Target
<
< ~

] o

a ~

o 0.5 - E

5 <
< Lo . . AN
= Selection geometric mean e
g — — — Target median N
6 00 b= X e , 0.01 .. T T.argfal 2..5.ar.1d.9l7.5 percent.ile o

1 10 100 200 0.1 1 4

Dss_75 (s) T (s)
(b) In-slab earthquakes: 12 / 100 ground motions
1.0 - S —
‘? Selection s
:E ——— Target //
< ’
o / —~
4 / 2
0.5 - / —

5 / 9 : 4 . AN
= / 1 Selection geometric mean N
= e [ — —— Target median )
6 0.0 __—’// o ) o , 0.01 L T T‘arg‘el 2‘.5‘ar‘1d‘9‘745 percent‘ile )

1 10 100 200 0.1 1 4

Dss_75 (8) T (s)

(c) Crustal earthquakes: 36 / 100 ground motions

Figure 21: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.40 g intensity level (0.50 % in 50 year hazard level) in Seattle.
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3.1.8 S,(1.8s) = 0.49 g intensity level (0.25 % in 50 year hazard level)

3.1.8.1 CS and duration group
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Figure 22: Ds5_75 and response spectra of the ground motions selected in the CS and duration group
at the S, (1.8s) = 0.49 g intensity level (0.25 % in 50 year hazard level) in Seattle.
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3.1.8.2 CS only group

1.0 - 10 -
‘? Selection
E ——— Target 1
< /
©o / —
: / 2
o 0.5 - )/ &)
: / S
= ’ “
=
£ .
=}
O 0.0 T ! 0.01

1 100 200 0.1

10
Dss_75 (s)

(a) Interface earthquakes: 54 / 100 ground motions

Selection geometric mean =
— —— Target median
------ Target 2.5 and 97.5 percentile

I oy
T (s)

1.0 - =
‘? Selection 2
= ——— Target
S
o ~
% .
0.5 - —
2 &
s a3 ‘ , .
= Selection geometric mean RN
g — —— Target median N
6 0.0 0.01 [ === Target 2.5 and 97.5 percentile
Ot - ) 0l ¢ . L ST . P
1 10 100 200 0.1 1 4
Dss_75 (8) T (s)
(b) In-slab earthquakes: 8 / 100 ground motions
o- em———————
E Selection e
;{.: ——— Target //
2 / _
S y o0
a / g
0.5 - / -
2 / )
5 / 4 0l : ‘ _
= / 1 Selection geometric mean N
= e : ——— Target median
5 0.0 7 001 [ == Target 2.5 and 97.5 percentile
1 100 200 Tl 1 4

10
Dss_75 (s)

(c) Crustal earthquakes: 38 / 100 ground motions

T (s)

Figure 23: Ds5_75 and response spectra of the ground motions selected in the CS only group at the

S.(1.88) = 0.49 g intensity level (0.25 % in 50 year hazard level) in Seattle.
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3.1.8.3 CS and causal parameters group

Table 11: Constraints on the magnitude, M, source-to-site distance, R, and site Vssg of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.49g intensity level (0.25 % in 50 year hazard level) in

Seattle.

Seismic Target mean Selection constraints No.of  No. of

S(t)urze M R VSBO Mmin Mmam Rmin Rmam VSSO,min VsSO,mam ilel::t;l::;: j‘eel:(;::ifl(si
yp (km) (m/s) (km) (km) (m/s) (m/s)

Interface 9.0 108 760 8.7 9.3 68 148 - - 99 54
In-slab 7.1 56 760 6.6 7.6 36 76 360 1160 18 8
Crustal 7.0 4 760 6.5 7.5 0 9 360 1160 55 38
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Figure 24: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.49 g intensity level (0.25 % in 50 year hazard level) in Seattle.
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3.2 Eugene

321 S,(1.8s) = 0.14 g intensity level (4.70 % in 50 year hazard level)

3.2.1.1 CS and duration group
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Figure 25: Dss5_75 and response spectra of the ground motions selected in the CS and duration group
at the S,(1.8s) = 0.14 g intensity level (4.70 % in 50 year hazard level) in Eugene.
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3.2.1.2 CS only group
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Figure 26: Dss5_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.88) = 0.14 g intensity level (4.70 % in 50 year hazard level) in Eugene.

3.2.1.3 CS and causal parameters group
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Table 12: Constraints on the magnitude, M, source-to-site distance, R, and site Vssq of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.14 g intensity level (4.70 % in 50 year hazard level) in
Eugene.

Seismic Target mean Selection constraints No.of No. of
S(t)urce M R V530 Mmin Mmam Rmin Rmam V830,min VSSO,mam Sl“tal:ile SeleCt(eld
ype (km)  (m/s) (km) (km)  (m/s) (m/s) ~ records records
Interface 8.8 85 760 8.5 9.1 5 165 - - 323 91
In-slab 7.0 67 760 6.5 7.5 47 87 360 1160 123 9
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Figure 27: Dss5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.14 g intensity level (4.70 % in 50 year hazard level) in Eugene.
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322 S,(1.8s) = 0.17 g intensity level (3.31 % in 50 year hazard level)

3.2.2.1 CS and duration group
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(b) In-slab earthquakes: 7 / 100 ground motions

Figure 28: Dss5_75 and response spectra of the ground motions selected in the CS and duration group
at the S,(1.8s) = 0.17 g intensity level (3.31 % in 50 year hazard level) in Eugene.

32



3.2.2.2 CS only group
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Figure 29: Dss5_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.88) = 0.17 g intensity level (3.31 % in 50 year hazard level) in Eugene.

3.2.2.3 CS and causal parameters group
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Table 13: Constraints on the magnitude, M, source-to-site distance, R, and site Vssq of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.17g intensity level (3.31 % in 50 year hazard level) in
Eugene.

Seismic Target mean Selection constraints No.of No. of
S(t)urce M R V530 Mmin Mmam Rmin Rmam V830,min VSSO,mam Sl“tal:ile SeleCt(eld
ype (km)  (m/s) (km) (km)  (m/s) (m/s) records  records
Interface 8.8 82 760 8.5 9.1 2 162 - - 301 93
In-slab 7.0 65 760 6.5 7.5 45 85 360 1160 95 7
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Figure 30: Dss5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.17 g intensity level (3.31 % in 50 year hazard level) in Eugene.
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3.23 S,(1.8s) = 0.23 g intensity level (2.00 % in 50 year hazard level)

3.2.3.1 CS and duration group
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(b) In-slab earthquakes: 5/ 100 ground motions

Figure 31: Ds5_75 and response spectra of the grou

nd motions selected in the CS and duration group

at the S,(1.8s) = 0.23 g intensity level (2.00 % in 50 year hazard level) in Eugene.

35



3.23.2 CS only group
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Figure 32: Dss5_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.88) = 0.23 g intensity level (2.00 % in 50 year hazard level) in Eugene.

3.2.3.3 CS and causal parameters group
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Table 14: Constraints on the magnitude, M, source-to-site distance, R, and site Vssq of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.23 g intensity level (2.00 % in 50 year hazard level) in
Eugene.

Seismic Target mean Selection constraints No.of No. of
S(t)urce M R V530 Mmin Mmam Rmin Rmam V830,min VSSO,mam Sl“tal:ile SeleCt(eld
ype (km)  (m/s) (km) (km)  (m/s) (m/s) ~ records records
Interface 8.8 79 760 8.5 9.1 0 159 - - 247 95
In-slab 7.0 62 760 6.5 7.5 42 82 360 1160 58 5
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Figure 33: Ds;5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.23 g intensity level (2.00 % in 50 year hazard level) in Eugene.
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3.24 S,(1.8s) = 0.28 g intensity level (1.34 % in 50 year hazard level)

3.2.4.1 CS and duration group
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Figure 34: Dss5_75 and response spectra of the ground motions selected in the CS and duration group
at the S,(1.8s) = 0.28 g intensity level (1.34 % in 50 year hazard level) in Eugene.
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3.2.4.2 CS only group
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Figure 35: Dss5_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.88) = 0.28 g intensity level (1.34 % in 50 year hazard level) in Eugene.

3.2.4.3 CS and causal parameters group
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Table 15: Constraints on the magnitude, M, source-to-site distance, R, and site Vssg of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.28 g intensity level (1.34 % in 50 year hazard level) in
Eugene.

Seismic Target mean Selection constraints No.of No. of
S(t)urce M R V530 Mmin Mmam Rmin Rmam V830,min VSSO,mam Sl“tal:ile SeleCt(eld
ype (km)  (m/s) (km) (km)  (m/s) (m/s) records  records
Interface 8.9 77 760 8.6 9.2 0 157 - - 221 96
In-slab 7.0 61 760 6.5 7.5 41 81 360 1160 49 4
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Figure 36: Dss5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.28 g intensity level (1.34 % in 50 year hazard level) in Eugene.
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3.2.5 S,(1.8s) = 0.32 g intensity level (1.00 % in 50 year hazard level)

3.2.5.1 CS and duration group
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Figure 37: Dss_75 and response spectra of the ground motions selected in the CS and duration group
at the S,(1.8s) = 0.32 g intensity level (1.00 % in 50 year hazard level) in Eugene.
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3.2.5.2 CS only group
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Figure 38: Dss5_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.88) = 0.32 g intensity level (1.00 % in 50 year hazard level) in Eugene.

3.2.5.3 CS and causal parameters group
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Table 16: Constraints on the magnitude, M, source-to-site distance, R, and site Vssq of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.32g intensity level (1.00% in 50 year hazard level) in
Eugene.

Seismic Target mean Selection constraints No.of No. of
S(t)urce M R V530 Mmin Mmam Rmin Rmam V830,min VSSO,mam Sl“tal:ile SeleCt(eld
ype (km)  (m/s) (km) (km)  (m/s) (m/s) records  records
Interface 8.9 76 760 8.6 9.2 0 156 - - 199 97
In-slab 7.0 58 760 6.5 7.5 38 78 360 1160 37 3
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Figure 39: Dss5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.32 g intensity level (1.00 % in 50 year hazard level) in Eugene.
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3.2.6 S,(1.8s) = 0.38 g intensity level (0.67 % in 50 year hazard level)
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Figure 40: Ds5_75 and response spectra of the ground motions selected in the CS and duration group
at the S,(1.8s) = 0.38 g intensity level (0.67 % in 50 year hazard level) in Eugene.
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3.2.6.2 CS only group
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Figure 41: Dss5_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.88) = 0.38 g intensity level (0.67 % in 50 year hazard level) in Eugene.

3.2.6.3 CS and causal parameters group
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Table 17: Constraints on the magnitude, M, source-to-site distance, R, and site Vssg of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.38 g intensity level (0.67 % in 50 year hazard level) in
Eugene.

Seismic Target mean Selection constraints No.of No. of
S(t)urce M R V530 Mmin Mmam Rmin Rmam V830,min VSSO,mam Sl“tal:ile SeleCt(eld
ype (km)  (m/s) (km) (km)  (m/s) (m/s) ~ records records
Interface 8.9 74 760 8.6 9.2 0 154 - - 180 98
In-slab 7.0 57 760 6.5 7.5 37 77 360 1160 27 2
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Figure 42: Dss5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.38 g intensity level (0.67 % in 50 year hazard level) in Eugene.
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3.2.7 S,(1.8s) = 0.42 g intensity level (0.50 % in 50 year hazard level)

3.2.7.1 CS and duration group
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Figure 43: Dss5_75 and response spectra of the ground motions selected in the CS and duration group
at the S,(1.8s) = 0.42 g intensity level (0.50 % in 50 year hazard level) in Eugene.

47



3.2.7.2 CS only group
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Figure 44: Dss5_75 and response spectra of the ground motions selected in the CS only group at the
Sq(1.88) = 0.42 g intensity level (0.50 % in 50 year hazard level) in Eugene.

3.2.7.3 CS and causal parameters group
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Table 18: Constraints on the magnitude, M, source-to-site distance, R, and site Vssg of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.42g intensity level (0.50 % in 50 year hazard level) in
Eugene.

Seismic Target mean Selection constraints No.of No. of
S(t)urce M R V530 Mmin Mmam Rmin Rmam V830,min VSSO,mam Sl“tal:ile SeleCt(eld
ype (km)  (m/s) (km) (km)  (m/s) (m/s) ~ records records
Interface 8.9 73 760 8.6 9.2 0 153 - - 164 98
In-slab 7.1 56 760 6.6 7.6 36 76 360 1160 24 2
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Figure 45: Dss5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.42 g intensity level (0.50 % in 50 year hazard level) in Eugene.
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3.2.8 S,(1.8s) = 0.55 g intensity level (0.25 % in 50 year hazard level)

3.2.8.1 CS and duration group
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Figure 46: Dss5_75 and response spectra of the ground motions selected in the CS and duration group
at the S,(1.8s) = 0.55 g intensity level (0.25 % in 50 year hazard level) in Eugene.
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3.2.8.2 CS only group
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Figure 47: Dss5_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.88) = 0.55 g intensity level (0.25 % in 50 year hazard level) in Eugene.

3.2.8.3 CS and causal parameters group
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Table 19: Constraints on the magnitude, M, source-to-site distance, R, and site Vssq of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S,(1.8s) = 0.55g intensity level (0.25 % in 50 year hazard level) in
Eugene.

Seismic Target mean Selection constraints No.of No. of
S(t)urce M R V530 Mmin Mmam Rmin Rmam V830,min VSSO,mam Sl“tal:ile SeleCt(eld
ype (km)  (m/s) (km) (km)  (m/s) (m/s) ~ records records
Interface 8.9 70 760 8.6 9.2 0 150 - - 128 99
In-slab 7.1 55 760 6.6 7.6 35 75 360 1160 15 1
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Figure 48: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.55 g intensity level (0.25 % in 50 year hazard level) in Eugene.
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3.3 San Francisco
3.3.1 S,(1.8s) = 0.27 g intensity level (4.70 % in 50 year hazard level)
3.3.1.1 CS and duration group
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Figure 49: Dss5_75 and response spectra of the ground motions selected in the CS and duration group
at the S, (1.8s) = 0.27 g intensity level (4.70 % in 50 year hazard level) in San Francisco.

3.3.1.2 CS only group
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Figure 50: Ds5_75 and response spectra of the ground motions selected in the CS only group at the
S, (1.88) = 0.27 g intensity level (4.70 % in 50 year hazard level) in San Francisco.

3.3.1.3 CS and causal parameters group

Table 20: Constraints on the magnitude, M, source-to-site distance, R, and site Vssq of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S, (1.8s) = 0.27 g intensity level (4.70 % in 50 year hazard level) in San
Francisco.

Seismic Target mean Selection constraints No.of No. of

— = itabl lected

S(t)urze M R V830 Mmzn Mmaw Rmin Rmaw V830,min VS3O,maw i‘l;:f()al‘d: ii:(frfls
yp (km)  (m/s) (km) (km)  (m/s) (m/s)

Crustal 7.7 14 760 7.2 8.2 0 29 360 1160 163 100
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Figure 51: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-

ters group at the S, (1.8s) = 0.27 g intensity level (4.70 % in 50 year hazard level) in San Francisco.

33.2 S,(1.8s) = 0.31 g intensity level (3.31 % in 50 year hazard level)
3.3.2.1 CS and duration group
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Figure 52: Dss5_75 and response spectra of the ground motions selected in the CS and duration group
at the S, (1.8s) = 0.31 g intensity level (3.31 % in 50 year hazard level) in San Francisco.

3.3.2.2 CS only group
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Figure 53: Ds5_75 and response spectra of the ground motions selected in the CS only group at the
S, (1.88) = 0.31 g intensity level (3.31 % in 50 year hazard level) in San Francisco.
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3.3.2.3 CS and causal parameters group

Table 21: Constraints on the magnitude, M, source-to-site distance, R, and site Vssg of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S, (1.8s) = 0.31 g intensity level (3.31 % in 50 year hazard level) in San
Francisco.

Seismic Target mean Selection constraints No.of  No. of
S(t)urze Vi R VSBO Mmin Mmam Rmin Rmam VSSO,min VsSO,mam ilel::toa::;: j‘eel:(;:l'ifl(si
yp (km) (m/s) (km) (km) (m/s) (m/s)
Crustal 7.7 14 760 7.2 8.2 0 29 360 1160 162 100
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(a) Crustal earthquakes: 100 / 100 ground motions
Figure 54: Dss5_75 and response spectra of the ground motions selected in the CS and causal parame-

ters group at the S, (1.8s) = 0.31 g intensity level (3.31 % in 50 year hazard level) in San Francisco.

3.33 S,.(1.8s) = 0.37 g intensity level (2.00 % in 50 year hazard level)
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Figure 55: Ds5_75 and response spectra of the ground motions selected in the CS and duration group
at the S, (1.8s) = 0.37 g intensity level (2.00 % in 50 year hazard level) in San Francisco.
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3.3.3.2 CS only group
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Figure 56: Dss_75 and response spectra of the ground motions selected in the CS only group at the
Sq.(1.88) = 0.37 g intensity level (2.00 % in 50 year hazard level) in San Francisco.

3.3.3.3 CS and causal parameters group

Table 22: Constraints on the magnitude, M, source-to-site distance, R, and site Vs3g of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S, (1.8s) = 0.37 g intensity level (2.00 % in 50 year hazard level) in San
Francisco.

Seismic Target mean Selection constraints No. of  No. of
S(t)urce M R V530 Mmin Mmam Rmin Rmaz V330,min VSSO,maz sultal;le SeleCtzd
ype (km) (m/s) (km) (km) (m/s) (m/s) records records

Crustal 7.7 14 760 72 8.2 0 29 360 1160 158 100
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Figure 57: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.37 g intensity level (2.00 % in 50 year hazard level) in San Francisco.
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334 S,(1.8s) = 0.42 g intensity level (1.34 % in 50 year hazard level)

3.3.4.1 CS and duration group
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Figure 58: Ds5_75 and response spectra of the ground motions selected in the CS and duration group
at the S, (1.8s) = 0.42 g intensity level (1.34 % in 50 year hazard level) in San Francisco.

3.3.4.2 CS only group
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Figure 59: Dss_75 and response spectra of the ground motions selected in the CS only group at the
S, (1.88) = 0.42 g intensity level (1.34 % in 50 year hazard level) in San Francisco.

3.3.4.3 CS and causal parameters group

Table 23: Constraints on the magnitude, M, source-to-site distance, R, and site Vs3q of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S, (1.8s) = 0.42 g intensity level (1.34 % in 50 year hazard level) in San
Francisco.

Seismic Target mean Selection constraints No.of No. of

— = itabl lected

S(:urze M R V330 Mmzn Mmaw Rmzn Rmaa: VSSO,min VS30,maw i‘l:c:rd: ?‘Z::rfls
P (km)  (m/s) (km) (km)  (m/s) (m/s)

Crustal 7.8 14 760 7.3 8.3 0 29 360 1160 154 100
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Figure 60: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-

ters group at the S, (1.8s) = 0.42 g intensity level (1.34 % in 50 year hazard level) in San Francisco.

3.3.5 S,(1.8s) = 0.46 g intensity level (1.00 % in 50 year hazard level)
3.3.5.1 CS and duration group
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Figure 61: Dss5_75 and response spectra of the ground motions selected in the CS and duration group
at the S, (1.8s) = 0.46 g intensity level (1.00 % in 50 year hazard level) in San Francisco.

3.3.5.2 CS only group
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Figure 62: Ds5_75 and response spectra of the ground motions selected in the CS only group at the
S, (1.88) = 0.46 g intensity level (1.00 % in 50 year hazard level) in San Francisco.
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3.3.5.3 CS and causal parameters group

Table 24: Constraints on the magnitude, M, source-to-site distance, R, and site Vssg of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S, (1.8s) = 0.46 g intensity level (1.00 % in 50 year hazard level) in San
Francisco.

Seismic Target mean Selection constraints No.of  No. of
S(t)urze Vi R VSBO Mmin Mmam Rmin Rmam VSSO,min VsSO,mam ilel::toa::;: j‘eel:(;:l'ifl(si
yp (km)  (m/s) (km)  (km) (m/s) (m/s)
Crustal 7.8 14 760 73 8.3 0 29 360 1160 149 100
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(a) Crustal earthquakes: 100 / 100 ground motions
Figure 63: Dss5_75 and response spectra of the ground motions selected in the CS and causal parame-

ters group at the S, (1.8s) = 0.46 g intensity level (1.00 % in 50 year hazard level) in San Francisco.

3.3.6 S,.(1.8s) = 0.51 g intensity level (0.67 % in 50 year hazard level)
3.3.6.1 CS and duration group
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Figure 64: Ds5_75 and response spectra of the ground motions selected in the CS and duration group
at the S, (1.8s) = 0.51 g intensity level (0.67 % in 50 year hazard level) in San Francisco.

59



3.3.6.2 CS only group

> 1.0 - ) e —————— 10 -

= Selection A

E ——— Target P

< /

] / —~

S y c

o 05 / =

[ [ / ~

2 / —

s ¢ « 01 . .

= / 3 Selection geometric mean

g il t ——— Target median

A =i [ === Target 2.5 and 97.5 percentile

O 00 —==a—T . ! - ) 0.01 ¢ e ST . A
1 10 100 200 0.1 1 4

Dss_75 (s) T (s)

(a) Crustal earthquakes: 100 / 100 ground motions

Figure 65: Dss_75 and response spectra of the ground motions selected in the CS only group at the
S.(1.8s) = 0.51 g intensity level (0.67 % in 50 year hazard level) in San Francisco.

3.3.6.3 CS and causal parameters group

Table 25: Constraints on the magnitude, M, source-to-site distance, R, and site Vs3q of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S, (1.8s) = 0.51 g intensity level (0.67 % in 50 year hazard level) in San
Francisco.

Seismic Target mean Selection constraints No. of  No. of
S(t)urce M R V530 Mmin Mmam Rmin Rmaz V330,min VSSO,maz Sl“tal;le SeleCtzd
ype (km) (I'II/S) (km) (km) (III/S) (I'II/S) recordas recordas
Crustal 7.8 14 760 7.3 8.3 0 29 360 1160 141 100
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Figure 66: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.51 g intensity level (0.67 % in 50 year hazard level) in San Francisco.
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3.3.7 S.(1.8s) = 0.55 g intensity level (0.50 % in 50 year hazard level)

3.3.7.1 CS and duration group
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Figure 67: Ds5_75 and response spectra of the ground motions selected in the CS and duration group
at the S, (1.8s) = 0.55 g intensity level (0.50 % in 50 year hazard level) in San Francisco.

3.3.7.2 CS only group
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Figure 68: Dss_75 and response spectra of the ground motions selected in the CS only group at the
S, (1.88) = 0.55 g intensity level (0.50 % in 50 year hazard level) in San Francisco.

3.3.7.3 CS and causal parameters group

Table 26: Constraints on the magnitude, M, source-to-site distance, R, and site Vs3q of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S, (1.8s) = 0.55 g intensity level (0.50 % in 50 year hazard level) in San
Francisco.

Seismic Target mean Selection constraints No.of No. of

— = itabl lected

S(:llrze M R V330 Mmzn Mmaw Rmzn Rmaa: VSSO,min VS30,maw i‘l:c:rd: ii::rfls
P (km)  (m/s) (km) (km)  (m/s) (m/s)

Crustal 7.8 13 760 7.3 8.3 0 28 360 1160 135 100
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Figure 69: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-

ters group at the S, (1.8s) = 0.55 g intensity level (0.50 % in 50 year hazard level) in San Francisco.

3.3.8 S,(1.8s) = 0.65 g intensity level (0.25 % in 50 year hazard level)
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Figure 70: Dss5_75 and response spectra of the ground motions selected in the CS and duration group
at the S, (1.8s) = 0.65 g intensity level (0.25 % in 50 year hazard level) in San Francisco.

3.3.8.2 CS only group
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Figure 71: Ds5_75 and response spectra of the ground motions selected in the CS only group at the
S, (1.88) = 0.65 g intensity level (0.25 % in 50 year hazard level) in San Francisco.
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3.3.8.3 CS and causal parameters group

Table 27: Constraints on the magnitude, M, source-to-site distance, R, and site Vssg of the selected
ground motions, relative to the target mean causal magnitude and source-to-site distance obtained from
deaggregation results, at the S, (1.8s) = 0.65 g intensity level (0.25 % in 50 year hazard level) in San
Francisco.

Seismic Target mean Selection constraints No.of  No. of
source = suitable selected
type R VSBO Mmin Mmam Rmin Rmam VSSO,min VsSO,mam records records
yp (km) (m/s) (km) (km) (m/s) (m/s)
Crustal 7.9 13 760 7.4 8.4 0 28 360 1160 123 100
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Figure 72: Ds5_75 and response spectra of the ground motions selected in the CS and causal parame-
ters group at the S, (1.8s) = 0.65 g intensity level (0.25 % in 50 year hazard level) in San Francisco.

4 Collapse fragility curves
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Figure 73: Collapse fragility curves of the eight-story reinforced concrete moment frame building, es-
timated using the three groups of ground motions selected for each site (with median, i, and lognormal
standard deviation, (3, indicated in the legend), along with the seismic hazard curve and the MCEgr
ground motion intensity level at that site.
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