


VSP: DOWNHOLE SHEAR WAVE MEASUREMENTS
(in cased boreholes)
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Surface Reflection/Refraction
Site Analyses and MASW
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Landstreamer Array with
Vibratory Source

Shear wave reflection profiling.
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Fraser River Delta, British Columbia
Shear Wave Velocity Site Locations
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Ground Resonance
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Zonation of Ottawa, Ontario
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NBCC High Seismic Hazard Areas
of Eastern Canada (Sa = 0.2 seconds)
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City of Ottawa
Overburden Thickness Map
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Data sources — 685 surface geophysics sites

10 geohysical boreholes
25 line-km of Landstreamer

Legend
Reflection-refraction site
Ambient noise (H/V) site
MASW site

Borehole shearwave site




Data sources — 21,000 water wells and
engineering boreholes
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Ottawa NEHRP Zonation Map
based on Vs;, measurements
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Ottawa Fundamental Site Periods
based on soil thicknesses and Vs velocities
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Variation of Sa(0.2) values for NEHRP C across
the City of Ottawa for the “design” earthquake
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Variation of Sa(0.2) values for the “design” earthquake
after accounting for differing NEHRP zones
across the City of Ottawa

SN GED

B
% \ 1

Spectral Accelerations

0.20-D.25 sec
0.25-0.30 sec
0.30 - 0.35 sec
0.35-0.40 sec
0.40 - 0.45 sec
0.45-0.50 sec
0.50 - 0.95 sec
0.55 - 0.60 sec
0.60 - 0.65 sec
0.65-0.70 sec
0.70-0.75 sec
0.75-0.80 sec
0.80 - 0.85 sec

1 | IREERO0OO0DNEN




Applications of the maps




Applications of the maps




Future applications







Urban Seismic Hazard Mapping




Urban Seismic Hazard Mapping




Urban Seismic Hazard Mapping




Q: IS SOFT SOIL A PROBLEM IN
HIGH HAZARD ZONES IN CANADA?
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Q: IF SO, WHERE ARE THESE ZONES?
(with respect to population density)
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Q: HAS THERE BEEN PREVIOUS EVIDENCE
OF MAJOR EARTHQUAKE DAMAGE?

A: East - Charlevoix QC, 1663 AD M7.0,
Lefevre Ont 7050 ybp M 6.5-7.0,
Bourget Ont 4550 ybp M6.0-6.5

West — several large events in the geological
record,

the last major event on the west
coast was 1700 AD, M8-9
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Example Seismic Record of a Local Earthquake
The epicentre was north of Ottawa and Montreal

RAYLEIGH & LOVE WAVES

West Quebec Seismic Zone

L'Annonciation M3.3 2009-11-02 03:16:44

\
S-WAVE "H
‘ Lat46.12 Lon 74.73 Distance: 96.7 km NE

W

- P-WAVE\

00—l N
1 HOR: EW
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(1.6 km apart)
STN ORHO - 90 m soil
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What happens to earthquake waves
in soft soils to cause the concern?
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Canadian Urban Seismic Risk
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NBCC seismic site categories (NEHRP)

Site Class  Soil profile
name

Hard rock
(e.g., granite)

Rock (e.g.,
limestone)

Very dense
soil or soft
rock (e.g., till
or shale)

Stiff soil (e.g.,
gravel)

Soft Soil (e.g.,
marine clay)

Others




NBCC seismic site categories (NEHRP)

Site Class  Soil profile Defined based on geotechnical properties
name of the upper 30 m

Soil undrained
shear strength,
S, (kPa)

Soil average shear Standard
wave velocity, Vs penetration
(m/s) resistance, Ngo

Hard rock
(e.g., granite)

Vs> 1500 na ha

Rock (e.g.,
limestone)

760 < V¢ <1500

Very dense
soil or soft
rock (e.g., till
or shale)

Stiff soil (e.g.,
gravel)

Soft Soil (e.g.,
marine clay)

Others

360 <V, <760

180 < V< 360

V: <180

Ngo > 50
(blow counts)

15 < Ngo < 50
(blow counts)

Neo <15
(blow counts)

50<85,<100

S,<50

ecific evaluation required




NEHRP Zone Mapping

Site Class  Soil profile Defined based on geotechnical properties
name of the upper 30 m

Soil average shear Standard Soil undrained
wave velocity, Vs penetration shear strength,
(mls) resistance, Ngo S, (kPa)

na na

Very dense 360 <V;<760 Ngo > 50
soil or soft (blow counts)
rock (e.g., till
or shale)

15 < Ngp < 50 50<8,<100
(blow counts)

Ngo <15 S, <50
(blow counts)




Ground Acclerations for NEHRP Zone C
for the “1 in 2500” year event




NBCC Amplification Factors
Look-up tables

Table 2. Values of F, as a Function of Site Class andT=0.2s

) Spectral Acceleration.
Credit for
better sites Ottawa
Site |\ Values of F,
Class |\Sa@2)< | Sa(02)= | Sa(0.2)= Sa02) Sa(0.2) =
0.25 050 0.75 =1.00 125
A 0.7 0.7 03 0.3 0.3
B 08 038 09 1.0 1.0
C 1.0 1.0 1.0 1.0 1.0
D 13 12 11 1.1 1.0
E 2.1 14 1.1 0.9 09
F Site specific investigation required *
Non-Linear effects on soft soils Deamplification

Table 3. Values of F | as a Function of Site Class and T=1.0s

Spectral Acceleration.
Credit for
better sites Ottawa
Site Values of F;
Class |\Sa(l.0)< | Sa(l.0)= | Sa(l.0)= Sa(l.0) Sa(1.0) >
0.1 02 03 =0.4 0.5
A 3§05 05 05 0.6 06
B 06 0.7 0.7 0.8 0.8
c 1.0 1.0 1.0 1.0 1.0
D 1.4 13 1.2 1.1 1.1
E l 20 1.9 1.7 1.7
F Site specific investigation require%
Non-Linear effects on soft soils Less

amplification




Shear Wave Measurement Techniques




SEISMIC CONE PENETROMETER - SCPT
(Conetec Investigations Ltd)

Polarized Shear Wave Trace ’7

DIGITAL STORAGE
OSCILLOSCOPE Triaxial Geophones
or Accelerometer

TRIGGER CIRCUIT
Shear Wave (Vp & Vs)

! Source
HAMMER WITH i /
CONTACT TRIGGER : B

Inclinometer (1)

Thermistor (T)

/ PENETROMETER

Friction Sleeve (Fg)

Load Cells

Pore Pressure

Porous Filter Transducer (U)

Element

Cone Tip (Q¢)






