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INTRODUCTION

This presentation reports on a microzonation study for the
Toronto/Mississauga region.

Main points of the presentation:
e new method for microzonation suitable for urban areas

e preliminary map of ground motion amplifications
e preliminary map of ground motion frequencies
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First Phase

* First phase of the project covered the most
populated part of GTA (approximately 1000 km?)

* Most essential geological information has been
gathered

« Efficient microzonation method suitable for large
scale microzonation is developed.
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Study area — part of Great Toronto Area

DUFFERIN

\ \

vos3a V;"Q

Y . e, | DURHAM
\ \ [SSS AL -
-/ A LAKE ONTARIO
/; \\‘ Migg, @\ N Aggrogates: m"
N Y S METROPOLITAN Ol oranton ol Temesin
g % % Tuno  TORONTO (00
€Oy 4 tonnes/yr
N PEEL  [GREATERTORONTOAREA i
\ Pop: 4,324,997 (6,000,000 by 2020) 69 02 ommevye
) Area: 7200 km . 03 tomennt
‘ \‘ ?Za ,/:r:g“’i'(;‘" - élvbom Particulate Matter: ggo:\honmm
’ esidential just
4 79% Rural a:::‘:lad:;‘:::‘:unm Waste 5725,‘7"""”"
Stestiey® . itroniday
DOAK RIDGES MORAINE  frsmances w:  tissan

\Wbﬂdm s

1
Markham \

\ VICTORIA \
\
\ '
\ |
LAKE \
$CUGOG e
‘\ v.w’
Rl R .\
" o ‘ ) Rice
King jun ' ®Goodwood  Pery \ g
Y *0mk Ridges '\"’W" \“_,—\\’___,
-
YORK | Claremont '
Bolton’ \  Richmond NIH. (\ i Kendal \

(Eyles, 2004 )




Western Engineering

Geological Conditions in the area of GTA

LAYER IV

PRESENT DAY 'BUILT LANDSCAPE

LAYER Ill

PLEISTOCENE GLACIATIONS

LAYER Il

LOWER PALEOZOIC TROPICAL SEAS

LAYER |

PRECAMBRIAN PLATE COLLISIONS AND MOUNTAINS

lllustration of major startigraphic layers in the GTA.
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Distribution of Paleozoic bedrock formations in the

Toronto area
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Quaternary geology of GTA

(Modified After Sharpe, 1980a)
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Cross section trough Layer 3:

Oak Ridge Moraine to Lake Ontario
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15 = LAKE IROQUOIS DEPOSITS
Ht HT = HALTON TILL
ORC * OAK RIDGES COMPLEX
MIS = MACKINAW INTERSTADIAL DEPOSITS
NT = NORTHERN TILL
TC = THORNCLIFFE FORMATION

M = SEMINARY TILL
MD = MEADOWCLIFFE TILL
SU = SUNNYBROOK TILL

§C = SCARBORQUGH FORMATION

DN = DON FORMATION
YT 8 YORK TILL

SCARBOROUGH BLUFFS

bt W
j Moraine and the Thorneliffe and Scarborough Formations are important sources of
groundater (aguifers) and feed the many rivers thal drain the south slope of the moraine. Courtesy of J. Boyee.
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Man-made Landscape in Toronto
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Seismic equipment made in Phase 1
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Second Phase

« Second phase covered Most of GTA (100 x 40
km) by a grid of 310 points.
 Ambient noise measured at the grid nodes.

 Frequency of the earthquake loading and its
amplitude affect the amount of earthquake
damage to different types of buildings.

e Data was processed to obtain frequency and
amplitude of peaks of the horizontal-to-vertical
ratio of the ground ‘noise’.
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Separating of the low and high level vibrations in
the time domain

The magenta line gives the averaged RMS value of the vibrations

Yellow line gives envelop for low (blue) and high (red) levels for HVSR calculations
The cyan line represents separating threshold level

High level of vibration usually is due to nearby traffic
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Horizontal to Vertical Spectral Ratio (HVSR)
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e Classic HVSR with predominant frequency 1.5 Hz.
On vertical abscise is presented the amplification factor
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Horizontal to Vertical Spectral Ratio (HVSR)
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HVSR with 1.7 Hz and high frequency resonances
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Horizontal to Vertical Spectral Ratio (HVSR) plots
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 HVSR with high frequency resonances
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Horizontal to Vertical Spectral Ratio (HVSR) plots
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Horizontal to Vertical Spectral Ratio (HVSR) plots
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* High level HVSR has no frequency resonances at low frequency.
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Overview of Results

 Amplitude amplification more than 12.

« Large amplitude amplification can mean much
Increased seismic loading In certain areas of
Toronto compared to the rest of the city.

 Predominant frequencies varying from 0.2 to 14 Hz.

 This means that a range of building types/heights
can be affected differently according to their
location in Toronto.

/=




Western Engineering

Points of HVYSR measurement in Toronto Area
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Predominant frequencies at each measured point
(preliminary
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So, What does That Mean?

Information about predominant frequencies and
amplification factors can be helpful in assessing
earthquake hazard and associated risk in different areas
of the T/M region.

Can be used to develop site specific seismic loading for
safe and efficient design.

Can be used by policy makers/planners for emergency
preparedness, efc.

In the final phase of the study, we can incorporate the
field measurements, together with available geological
Information, into a GIS data base to apply HAZUS-like
study for GTA conditions.
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Well, How Does That Fit in The Picture?

II A \Nashington Mutual/Seattle Art Museum
4
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A: Soil-Structure Interaction

Dynamic Soil-Structure Interaction (SSI) refers to the effect the interaction

between the soil and structure has on the respective response of both
components

Dynamic SSI is a complex phenomenon consisting of many interacting
variables

soil medium

et

/=




Western Engineering

Soil-Structure Interaction

Traditional seismic design is based on a force-based design (FBD)
approach in which structures are designed for life safety.

SSI is often neglected in FBD since its effects are generally
considered to be beneficial.

Huge economic losses from recent natural disasters requires a
change in design philosophy.

Earthquake engineering researchers have responded to this request
with the introduction of performance-based seismic design.
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Failure Patterns for Core-Wall Buildings
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B: Performance-Based Design (PBD)

PBD can be defined as the design of structures
to meet a specified performance goal based on a
realistic and reliable understanding of their
probable performance

The performance goals are expressed Iin guantitative
terms and the response of the structure at every stage
must be accurately predicted
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Base shear force

Iiooo|

Elastic

Collapse
I

|

|
.

|

|

|

|

>

Top displacement

Each target point on the capacity curve is linked to quantitative

measures such as economic loss, casualty rate, etc.
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PBD can be formalized probabilistically as:

v(DV) = j j j G(DV / DM)dG(DM / EDP)dG(EDP/ IM)du(IM)

Intensity measure (IM) defines the expected ground motion hazard
Engineering demand parameter (EDP) describes structural response in

deformation terms

Damage measure (DM) describes the condition of the structure and its

components
Decision variable (DV) are the final quantitative estimates used in risk
management

dG(EDP/ IM) = [ !dG(FIM I FE)IG(EF / IM)

Structural Soil-Structure

III- analysis Interaction analysis analysis i
4 Wes
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Did you get my point?

Many THANKS for your support
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