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Seismology Background

Movement on a fault plane
causes vibrations...

The larger the area
on which there is
slip (rupture)...

the larger the
magnitude of
the earthquake
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Hait1 2010 M7.0
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Relative fault areas

Japan 2011 MO.1
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Magnitude

Magnitude

— depends on the size of the reactivated fault
surface;

— as magnitude increases, the strength of ground
shaking, duration, and area impacted increases very
quickly.

Ground shaking
Increases by 10 times for every magnitude unit

Energy released
Increases by 32 times for every magnitude unit

Duration of shaking

From a few seconds (M 4) to several minutes (M 9)

J Cassidy, GSC
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Major earthquakes are related to
movements at Plate Boundaries
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Global Seismicity over 20 years:
concentrated at plate_\_bogndal;e
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Tectonic Context of Canada’s
West Coast

Vancouver

JUAN DE
FUCA

PACIFIC

' PLATE

Earthguake Source Areas
Magnitude 5 - 6

Magnitude 6 - 7

Magnitude 7 - 8

Magnitude 8 - 9
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Southeastern Canada Earthquakes since 1700 Saguenay
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SizZe described by magnitude (one magnitude per earthquake!)

Effects described by shaking intensity (Modified Mercalli scale: IV, VII)

Saguenay, Qﬁehec
November 25, 1988 - Magnitude 5.9

-
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Modified Mercalli Inlcnmty
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vr Epicentre

Magnitude 5.9 Saguenay
1988 Nov 25 suppertime

Damage in Montreal 2ahJdam zovesy



Cornwall 1944 Mw 5.7

Cornwall, Untariufﬂassena, New York
September 5, 1944 - MdLnll‘lldL" 5.6

T 1

School Gymnasium
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Most recent
sizable
earthquake
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Val-des-Bois Earthquake

June 23" shaking in Ottawa was

* strongest in Ottawa’s history

* once-in-150-year level of shaking

« only 1/5™ as strong as current building

code requires

Response Spectral acceleartion (g)
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Earthquake deSign = Design Spectrum (site class C)
. . ——— Design spectrum (site class A)

shaking in Ottawa o

on rock

Val-des-Bois
earthquake
shaking on rock

50N { ¢

46'N

42°N A

38'N 1\
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Period (s)

Potentially felt by about 19
million people

Web reports from 59,000 people

Felt much farther to the southwest
than to the northeast
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Examples of Val-des-Bois earthquake effects

At less
than 70 km




While in Toronto, 400 km away .......
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How often do earthquakes happen?
Magnitude-recurrence statistics near Toronto

Western Lake Ontario (WLO)

Earthquake Magnitude ) | Western Lake Ontario (WLO) 190
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Why do earthquakes ha

en here?
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We can’t stop earthquakes
We can’t forecast them in a useful way (yet!),

So we must mitigate their effects
Globally most deaths in earthquakes are from:

Tsunamis 11%

People killed , ,
. . Earthquake-triggered landslides
in collapsing S
o o o 8 A)
buildings Fire 4%
T7% Liquefaction; heart attacks

~1%

2.6 million fatalities, 1900-2010
Source: Daniell 2011, Figure 10

We have done something about collapsing buildings,
through Canada’s National Building Code

J Adams 20120113



National Building Code

The minimum standard to protect the
life and safety of building
occupants and the general public as
the building responds to strong
ground shaking

Expected shaking comes from seismic hazard maps

J Adams 20120113



Probabilistic seismic hazard

Earthquake Catalog

Earthquake
locations

Earthquake
number -
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National Building Code

The minimum standard to protect the
life and safety of building
occupants and the general public as
the building responds to strong

ground shaking
Expected shaking comes from seismic hazard maps
; -I 953 EARTHQLF%EﬁOBASIL!TY
Lo o & Zorueu-No&amage 1953
b
SR One map
wip

—_— N Primarily a zoning map

::. ) ' . ‘- 'ta.:..- .
Nk A / v Peak Acceleration for 4 zones
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s e e
Acceleration | |
Accélération | |

1970

One map

Peak Acceleration for 4 zones

Probabilistic at 1/100 years

1985

Two maps

Peak Acceleration & Velocity

7 zones

Rock and Firm Ground

Probabilistic 10% /50 years
= 1/475 years
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2005
Four maps
Spectral Acceleration
(plus Peak Acceleration)
No zones
Firm Ground (Site Class C)

Probabilistic at 2%/50 years
= 1/2475 years

2010
Similar to 2005

(see next slide)
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NBCC 2010

Issued at end of 2010

In process of being adopted by Provinces and Territories
Similar parameters to 2005

Chief seismic difference: model for eastern ground motion
shaking changed from Quadratic to 8-parameter fit because
this reduced unnecessary conservatism

* Reduced hazard at short periods in low-hazard zones
 Increased hazard at long periods in low-hazard zones
« Reduced PGA (still used 1n geotechnical designs)

* Spectra tilted from the changes

J Adams 20120113



Change in 2010
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I * l Natural Resources Ressources naturelles
Canada Canada

Natural Resources Canada

www.nrcan.gc.ca

Contact us

NRCan
. Seismic design
WebSIte fOI' EqCan Homa tools for engineers

Natural Resources Canada > Earth Sciences Sector > Earthquakes Canada

Earthquakes
Canada

Help Search

o

. . Recent Earthquakes
SGISIIIIC Historic Events Our website is changing to conform to the standard on web accessibility. Some web
Earthquake Hazard pages gnd applications have changed address and look, please update your bookmarks
hazard accordingly. If you have questions, please contact us at
Be Prepared! webmaster@seismo.nrcan.gc.ca.
Stations and Data

C alculatlons = Note The 2005 National Building Code of Canada is currently in force. The 2010 edition
General Information 35 released on November 30, 2010 and will be adopted by individual provinces and
Products / Research territories in the coming months. It is up to the designer to determine which version of

the code is applicable in their jurisdiction.

Earthquake Search
Hazard Calculator

Ground motion parameters for use with the National

Station Book Building Code of Canada
Waveform Data
External Links 2010 edition 2005 edition 1995 edition
S  Get 2010 hazard values Get 2005 hazard values Get 1995 hazard values
Contact EqCan

2010 National hazard ma 2005 National hazard maps 1995 National hazard maps

m Open File 6761: 2010 model

and values in preparation

Open File XXXX: 2010 grid
values and maps in
preparation

Open File 6208: Seismic

www.EarthguakesCanada.ca

Open File 4459: 2005 model Open File 82-33: 1985/1995
and values model

Open File 5813: 2005 grid
values and maps

Open File 6208: Seismic
Hazard Earthquake

J Adams 20120113




45.4
75.7

f Canad... '

ﬁ"

rBE PTEpareur
Stations and Data
General Information
Products / Research
Earthquake Search
Hazard Calculator
Station Book
Waveform Data
External Links

| Contact EqCan

ﬁ

I webmaster@seismo.nrcan.gc.ca.

Latitude and longitude values should be entered in decimal degree (DD.DDDD) or
degree:minute:second (DD:MM:SS.S) format. UTM coordinates can be converted to
latitude and longitude using the Canadian Spatial Reference System Service's online
GSRUG application.

For more information see seismic hazard in Canada

Supporting documentation and calculators for other editions of the code

2010 National Building Code of Canada seismic hazard
calculator

Jump to search results

Latitude
45.4

Longitude (in Canada should be entered as negative values)
-75.7

Number of closest points for interpolation
7 points  ~

Parameter to display on map (values for all 5 parameters will be determined)
Sa (0.2) ~

Enter location place name

Type of structure

Company/Organization

Name

Email (optional)

guakescanada.nrcan.gc.ca/hazard-alea/interpolat/index_2010-eng.php gg

€ Local intranet | Prote:

20113



2010 Natlonal Bullding Code Seismic Hazard Calculation

Web Output INFORMATION: mmm{mmwﬁghm Fac simile (513} #32-8835

pluS Single' Requested by: | December 14, 2011

Slte Coordinates: 45.4 Morth 75.7 West

page pdf User Flle Reference:

Natlonal Bullding Code ground motions:
2% probabiliity of exceedance In 50 years (0.000404 per annum)
5a(0.2) 5a(0.5) Sa(1.0) Sa(2.0) PGA (Q)

0635 0.308 0137 0.046 0324
NB CC / Wotes. Spectral and peak nezard values are satammined far firm ground (NBCC 2010 soll class C - averags
shear wave velocity 2360-760 mis). Medlan (50t percentlle) values are given In untts of g. 5% dampad
Epectral acceleratan [Saﬂﬁll' wheare T 15 the penod In Seconds) and paak ground accelaraton [PEA) values
oq e are tebulated. Only 2 elgnificant figuras are to be u=ad. These valUes have bean interpoiaied from & 10
rob ablllt km spaced grid of pointe. Depending on the gredient of the nearby points, vaives ai this localon
p y caiculated directly from the hazerd program may vary. More than 85 percent of inierpoisied values

are within 2 percent of the caiculated valles.

Ground maotlons for othar probalbliitles:

Probability of exceadance per annum  0.010 0.0021 0.001
Probability of exceadance In 50 years  40% 10% 5oL
Other 5a(0.2) 0.089 0.249 0.386
Saj0.5) 0.043 0.122 0.186
14l Sa(1.0) 0.017 0.058 0.087
probabilities cazo) oo oow oo
PGA 0.039 0.122 0.201
RBeferences

Hational Bullding Code of Canada 2040 NRCC
mo. 53301 ; seclions 4.1.8, 8.20.1.2, 0.23.10.2,
93162 andB.21.3

Appendix C: Climatic Information for Building
Design m Canada - table in Appendix © startng on
page C-11 of Dnasion B, volume 2

Uger's Guide - NBC 2040, Structural

Commentaries HNRCC no. 53543 {né:vrepamllm}
Commentary J: Design for Seizmic Efiscts

SN [

Gedogical Survey of Canada Opsn File xaxx
Fourth generation seismic hazard maps of Canada:
Mapz and grid walues to be used with the 2010
Maticnal Bulding Code of Canada (n preparation)

See the websies www EarthguakesCanada.ca and
www.nationaicodes.ca for more miormabon

Auss) disponbie en fmnois

2N

ns 20120113



NBCC 2015: 5t Generation Seismic Hazard Maps

Trial results: focus 1s on computing and understanding the
hazard values for populated SE and SW Canada — main cities

Main changes
* Catalog
* 18 years more earthquakes
« Moment magnitude catalog
» Replacement of Robust approach
* Replacement of H and R models
 Bast
* West
 Probabilistic treatment of Cascadia
* Integrated treatment of Floor source
* New Ground Motion relations
* New spectral values (shorter and longer periods)

» Adjusted reference ground condition
J Adams 20120113



New earthquakes
Last model used earthquakes up to 1990/1991
Now will add earthquakes up to end of 2010

Adds lots of smaller earthquakes (GSC used to locate 1500
earthquakes a year, now locates 4500+ per yr)

Adds a number of significant earthquakes in the last decade
(Denali, Nisqually, Queen Charlottes Val- des Bois...)

| Magnitude
;| 3

New data for inslab

carthquakes -

New data for
moderate M5
earthquakes

B

_‘L_ 5
/
L“F‘ % - ; \7
‘ Eanhquakes Magnnude 4, 7 and Iarger 2000 2010 Oclober

'3 i il
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Improved catalog in Moment magnitude (Mw)

For 2015:
largest events have had Mw assigned by inspection of data and
publications
Events smaller than Mw~4.7 converted from catalog values

Sensitivity tests:
East: centre of Gatineau zone
Sa(0.2) = 0.26 g from mN catalog
0.25 g from Mw catalog
West: Prince Rupert

Sa(0.2) = 0.37 g from mN catalog
0.33 g from Mw catalog

Sensitivity test: Not much effect on onshore hazard

J Adams 20120113



Eastern source zones: Replacement of Robust approach

The 1ssue:

50'N

-

- . | Earthquakes January 2000 - April 2009
Magnitude {
. ‘M<1 oMt @M2 @mM3 @ms .MS
- —_ —

B0'W oW 65'W



Locations very different in H
model, reflecting local

earthquake activity Locations rather

similar in R model

l

Sa(0.2) in 2005 H [2005 R
cm/s/s
La Malbaie 2300 660

Quebec City 520 590*

Trois Rivieres 350 640

Montreal 580 690

Ottawa 450 670

* Low because IRM zone
boundary badly placed

J Adams 20120113



2015 draft

Historical seismic

source models
GSC 2011

M1.5 {1990+
= M2.5 (19804
Source zones based on historical seismicity © M35 (1960+)
O M4.5 (19204
all Md .5+ (pre-1920)
M5.5 (1860+)
M=6.5 (all years)
Hmodelzones

Regional seismicity through 2010 (from CCSCO9, updated through 2010)

Atkinson

Latitude

44° L

43°

42°

113

Longitude



100

Earthquake rate =78

: . BETA=1.98 +-0.10
considered in IRM B.= 0.658 +0.04
source zone: N5=0.113 +/- 0.008

N =215 Earthquakes

1 0 Including all earthquakes to the end of 1930
NO BETA B Mx [
UPPER CURVE 1813.2 188 0815 7.7 |
BEST ESTIMATE 22205 198 0858 7.5 |
LOWER CURVE 27215 207 0801 7.2
©
P‘_.- 1
2o
©
14
[0}
=
©
g 0.1
§ ' 2 - Best estimate curve
O ®s  for IRM Source
AL T . N - iZone
----- e IRLLTT ; N . r .
= L, . =¥ . { {

0.01 :
Best estimate
curve for CIE

0.001
3 4 5 6 T 8
Vg
Work by [an Lin, GSC Aug2009
Natienal Earthquake Hazards Program 2003/04/09

Geological Survey of Canada
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100

Mx =7.5

Parameters

. . BETA=1.98 +-0.10
considered in IRM B=0.856 +/-0.04
source zone: N5=0.113 +/- 0.008

N = 215 Earthquakes
* Including all earthquakes to the end of 1980 |
NO BETA B Mx
| UPPER CURVE 1813.2 188 0815 7.7 i
| BESTESTIMATE 22205 188 0858 75 |
. LOWER CURVE 27215 207 0801 7.2 I

ate (p.a.)

[
=
I
3 (7) A
§ 04 | %. 5 R ) — Best estimate curve
O <@, \ - . - for IRM Source
v 0(- NN i iZone
....... "-""""u .’Lo T
0.01 = — i
. Best estimate
3 curve for CIE
0.001 |
3 4 5 6 7 8
nityde
Work by 9 1%, GSC Aug2009
Natienal Earthquake Hazards Program 2003104109

Geological Survey of Canada
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Seismotectonic seismic source model from GSC

S large zones as sources for Random Big Earthquakes (RBE)

90°'W 85"W 80°W 75'W 70°W 65" W 60"W 55"W 50'W 45°"W

55°N

50°N

- 45°N

40°N

70°W 65'W 80°W 55'W 50°'W
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Parameters sasll

. . BETA=1.98 +-0.10
considered in IRM B.= 0.658 +0.04
source zone: N5=0.113 +/- 0.008

N = 215 Earthquakes
Including all earthquakes to the end of 1990 |
NO BETA B Mx

0‘ I UPRERCURVE 18132 188 0815 7.7 |
,’ | BESTESTIMATE 22205 198 0858 7.5 |

LOWER CURVE 27215 207 0801 7.2

ate (p.a.)

M6.8

Bel estimate curve
. for Source

Cumulative

................ Zoge
---------------- f&o o i |
B LI . |
BTN [ ]
0.01 i i 1 ‘. o i
: i ! N T, Best estimate
curve for CIE
3 4 5 6 7 8
nityde
Work by 9 1%, GSC Aug2009
Natienal Earthquake Hazards Program 2003/04/09

Geological Survey of Canada
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Historical seismic
source models 2
Composite Model

o

45'N

We can use the “H”
models directly, or |
CompOSite With the Region;lseismicitythro-ugh 2010 (from CC.SCUS,updatedthr'Dugh 2010) | . -M1'-5 (1990+)

o M2.5 {1980+
Source zones based on histarical seismicity ©@ M3.5 (19604

o ) M4.5(19204)
mO e T . ) all M4.5+ (pre-1920)

ach
ELE S

M55 [18604)

|| M>B.5 (all years)
——— Hmodelzones

The transition
magnitude used
doesn’t matter very |
much “En

Latitude

113

Longitude



What rates for Random Big Earthquakes?

Very little constraints from data, paleoseismic or otherwise

St. Lawrence rift source: expect one Mw>6.8 per 300 years

Other “best” rates for Mw>6.8 by judgement based on relative
seismicity levels

Large uncertainty — taken as factor of 3 up and down

Can infer unreasonable maximum rates from history 1/300 years
(used to additionally constrain upper limits in blue)

1/3000 years

1/1000 years _\ /

A~ |ECM2 IRM MRB SGLV
best N(6.8) 0.0010000| 0.0030000| 0.0030000| 0.0003000| 0.0003000
upper N(6.8)] 0.0032000{ 0.0060000| 0.0060000| 0.0009200| 0.0009200
lower N(6.8)| 0.0003200( 0.0009200( 0.0003200| 0.0000920| 0.0000920
No (best) 36.8 110.3 110.3 11.0 14.0
Ng (upper) 117.6 220.5 220.5 33.8 33.8
N, (lower) 11.8 33.8 11.8 3.4 3.4

J Adams ZU120113



Effect of Composite model is more evident in low
seismicity regions like Trois Rivieres

Montreal Trois Rivieres

=« Contribution from
Random Big

/ Earthquakes

Contribution from
small local

8 10 12

g

% Contribution to Hazard

N earthquakes
ol
o®
0 3°
4]‘?3
N
o? loée
e ,a_g(\\
1St )
a”Ce ("“f??} 300 o ) W

Aussi disponible en frang

Change in hazard still being modelled, but....
* Montreal not the same as Ottawa
* Trois Rivieres lower than Montreal and Quebec City

* Charlevoix still high, but less high than before J Adams 20120113



Western
sources

2011 model




Will remove areas of obvious induced events
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Crustal and sub-crustal (mauve) sources

45°N

47N

131"



Probable replacement of
2010 deterministic Cascadia approach by
2015 probabilistic fault model

20 1 O %, — Just rgplacing “or” by

“and” increases hazard

~40% along this line

Cascadia scenario earthquake coniour (heavier where this model
dominates) superimposed on robust H and R model shaded contours 20120113
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Comparison of Cascadia inboard loci (best estimates)
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Paleohistory of Great Cascadia Events — after Goldfinger et al 201X

Tabled. Magnitude caloulated from time interval, plate motion and rupture rone dimensions
northern margin naorthern margin 5 outhern margin southemn margin average
Tuwrbadite mean following interval slip from imt=rval slip from northern & southern Segment  rupture length rupture width seismic moment Mt
rnumber age yEars following time [m) WEArs time [m) slip name e e
1 250 160 A 1000 2] 358.4E+27
2 a1z 162 5.9 162 59 A6 A 1000 2] 113.6E+27
1a 5T 167 61 a7 C 450 55 S5.BE+2T
3 TE4 ELE] 13.6 105 FA 8.1 A 1000 2] 2. TE+27
Ia 1062 178 1z 1B B E&D TS BSLOE+27
4 1189 405 14.8 127 LY 15 A 1000 2] 186.5E+27
da 1364 175 X ] 19 C 450 [ TE+2T
5 1626 437 16.0 632 96 58 A 1000 &3 245.1E+27
5a 1818 193 70 5.4 B 660 1] 164.TE+27
Sh nn 103 1.1 BE C 450 [ T2AE+2T
L 1386 65 o7 15 C 450 [ A0.BE+2T
& 2536 an 313 150 [ 41 149 A 1000 2] 372.2E+27
ba 6T 30 B4 6.5 C 450 55 FLBE+2T
7 3105 E6& 2008 138 124 128 A 1000 &3 HBAE+ZT
Ta 3350 45 LX) 6.9 B E&D TS 128.TE+27
-] 3CBT 482 176 17 B7 101 A 1000 2] 253 FE+27
Ba 3046 359 132 101 0 50 [ 39.9E+27
9 41m 624 118 65 a7 125 A 1000 &3 IN1.EBE+27
Sa 4509 949 9 B4 0 50 (1] SLAE+2T
10 4861 GED 118 L) 129 14.1 A 1000 2] I51.4E+27
102 E159 90 Tog B4 C 450 [ 29.3E+27
108 267 108 19 0 C 450 [ BO.TE+2T
Toc ELE4 97 g 8.4 C 450 5 SAE=IT
lod 11:] 0 o7 0.6 0 50 (1] JOE=2T
10= A0 20 o7 0.6 0 50 [ 10L4E+27
106 CETY &9 1L 1.8 C 450 [ GOLBE+2T
1 EHST 1036 EFR 24 B2 178 A 1000 2] 442 1E+27
12 647G 79 1.2 579 1.2 16.3 A 1000 &3 ADE.5E+27
12a 6853 417 153 ny 0 50 (1] J& BE+2T
13 7136 [ 4.1 M3 B9 127 A 1000 2] HEAE+27
14* TEI5 489 178 450 179 138 A 1000 2] 343 4E+27
14a TOES 43 124 o7 0 50 [ 32.3E+27
15 E182 EET 204 14 k-] 0.9 A 1000 &3 270.5E+27
152 BESZ e 134 10.4 0 50 (1] STAE+ZT
16 8933 751 Fra 180 119 159 A 1000 2] 396.8E+27
16a 054 161 59 A5 0 50 [ ITE=2T
17 ana 184 6.8 25 k] 0 A 1000 2] T4.0E+2T
17a 9284 165 &0 165 [ ] a7 A 1000 &3 115.8E+27
18 817 534 195 534 195 150 A 1000 2]
=319
total ime SE17 9817
total skp 353 3502 L0z 0.7
total plate boundary shp
scale factor Q

* = age corstrained by M@rama ash age from Banowicz et al, 1999

Intervals for complete rupture events
Dates for past events (10,000 year history)
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Cascadia Magnitude-recurrence for complete rupture events

10,000 year history (we have one sample of the 1/10,000 year event!)

Assume that each rupture of interest to Canada is complete, end-to-end
(1.e. all M~9, not some M9 + many M~8)

Use time interval * plate tectonic rate to get the slip per event >magnitude

Protypical event happens every 550 years, ruptures length of 1020 km
and width of 125 km, has slip of 25 m and has magnitude of 9.3

Events range in magnitude from 8.5 - 9.1 or 8.9 - 9.5 depending on input
assumptions

— but nearby seismic hazard is not very sensitive to exact magnitudes
when earthquakes get this big

J Adams 20120113



Magnitude-recurrence for
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Trial run

Probabilistic Cascadia
motions

Sa(0.2) for 2%/50 years
2011 geometry
Youngs’ GMPE

Results indicative only

Locus 1s uncertain by ~20 km,

and results in ~15% change in
hazard
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Juan de Fuca probabilistic source
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Floor region and Maximum earthquake

Earth and Planetary Science Letters

journal homepage: www.elsevier.com/locate/epsl

A record of stable continental region earthquakes from Western Australia spanning
the late Pleistocene: Insights for contemporary seismicity

Mark Leonard **, Dan Clark ®

* Geoscence Australia, GPO Box 378 Canberra ACT 2600 Australia
" Gepscence Australio, Austraia

ABSTRACT

In plate boundary regions moderate to large earthguakes are often sufficiently frequent that fundamental

seismic parameters such as the recurrence intervals of large earthguakes and maximum credible earthguake

M < (Mmax) can be estimated with some degree of confidence. The same is not rue for the Stable Continental
maX ln non_ Regions (SCRs) of the world. Large earthguakes are so infrequent that the data distributions upon which
recurrence and Mmax estimates are based are heavily skewed towards magnitudes below M50, and so

extended_ SCR iS require significant extrapolation up to magnitudes for which the most damaging ground-shaking might be

expected. The rarity of validating evidence from surface rupturing palasp-earthquakes typically limits the
confidence with which these extrapolated statistical parameters may be applied. Herein we present a new
M7.25:|:0. 1 and earthquake catalogue containing, in addition to the historic record of seismicity, 150 palaeo-earthquakes
derived from 60 palaeo-earthquake features spanning the last =100 ka of the history of the Precambrian
shield and fringing extended margin of southwest Western Australia. From this combined dataset we show
. . that Mmax in non-extended-5CR is M7 25 0.1 and in extended-SCR is M7.65 =0.1. We also demonstrate
1mn eXtended— S CR 1S that in the 230,000 km* area of non-exjigded-SCR crust, the rate of seismic gKivity required to build these
scarps is one tenth of the contemporary§eismicity in the area, consistent witll episodic or clustered models

M7 65:|:0 1 describing SCR earthquake recurrence. Aflominance in the landscape of earthgfake scarps reflecting multiple

o o events suggests that the largest earthquages are likely to oocur on pre-existingaults. We expect these results
might apply @™ most areas of non-exte =5CR worldwide.

Crown Copyright € 2011 Published by Elsevier B.V. All nights reserved.
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Integrated Treatment of Floor source
Will add as a source to the eastern and western models

Will use two alternative models (probably 4" Gen and
Martens-Atkinson models, equally weighted)

Will allow Mmax to 7.2 + (Leonard & Clark, 2011)

Canada background zone

Expect hazard to drop in centre of
country, may increase it at margins,
near other earthquake sources (e.g.
Calgary, Sudbury)

&

May still need a floor value?




New Ground Motion Prediction Equations

Gail will talk about these

Evolution of spectral periods

In 1985 1t was PGA and PGV

In 2005/2010 Saat 0.2, 0.5, 1.0, 2.0 seconds
For 2015 may add 0.15, 5, 10 seconds

T T~

Important for very short Important for tall
rigid structures buildings and bridges

Not yet certain how these periods would be used in the Code

J Adams 20120113



Adjusted reference ground condition

In 1985 i1t was Rock or Firm Ground

In 2005 Fa and Fv factors were introduced
 reference condition = Site Class C
 reduction factor of 20-50% for being on rock

For 2015 the reference ground condition 1s likely to be the
boundary between site class B and site Class C (“B/C” =
BslashC) for consistency with all recent Ground Motion
relations

Probably no design level implications
(though the Fa and Fv values will change)

J Adams 20120113



Summary
Seismic hazard estimates are improving

More data leads to improvements and increased
confidence in our estimates

2015 estimates will provide an improved basis for the
distribution of engineering anti-seismic measures
across Canada

low 2010 National Buildi ng Code h:gh

e = WWW. EarthguakesCanada.ca

Thank You

J Adams 20120113
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