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Highway 11 Four Laning, Liquefaction Assessment, Ottawa Ave.
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DRAFT
LIQUEFACTION ASSESSMENT
OTTAWA AVE STRUCTURE, SBL
HIGHWAY 11 FOUR LANING
BURK’S FALLS TO SOUTH RIVER, ONTARIO
G.W.P. 759-93-00

Geocres Number:

1 GENERAL

Ottawa Ave. This assessment is based on the prof
May 21, 2004.

The discussion and recommendations prege in this report are based on our understanding of the

crossing and is not duplicated “hefe No specific field investigation was carried out for this

should therefore be read in conjunction with the report

liquefaction assessment.
entitled:

F O%Aation Investigation and Design Report
f Ottawa Avenue Overpass SBL
« Highway 11 Burk’s Falls to south River
GWP 759-93-00, W.P. 750-93-01, Site 44-414

in the above noted report, and generally consists of 28.9 to 30.4 m of glacio-fluvial overburden
over Pre-Cambrian bedrock. The overburden materials encountered in the boreholes consist of
topsoil, sand, sandy silt to sand and silt and cobbles and boulders.
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2

ENGINEERING ANALYSIS METHODOLOGY

2.1 General

The methodology used to assess the liquefaction susceptibility of the foundation consists of
several steps:

= Screening of subsurface information to delineate strata not considered suscgptible to
liquefaction. :

= Estimate of future dynamic loads associated with the design earthquak%g@gﬂdﬁ%lculation

of cyclic stress ratio (CSR) within the deposit o

= Estimate existing cyclic resistance ratio (CRR) within the sit pased on available
density and soil gradation data.

change in stability of embankment and
seismic event.

density and location of thé
criteria:

Chinese Criteria (W

The Ching&isrgg\(criteri spggests that soils that meet all of the criteria below will be subject to

liquegggﬁdq S&%;Ls that do not meet the criteria are considered to be cohesive and not
susc*épéﬁgég%ﬁi]uefaction.

¥
ceﬁage of particles finer than 0.005 mm <15%
» Liquid fimit <35%

 water content >0.9 - Liquid limit
= liquidity index <0.75
Relative Density
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Screening was also carried out based on the relative density of the deposit as indicated by
SPT N-values. Soil strata with SPT N-values >30 were not considered to be susceptible to
liquefaction.

Saturation

Initial screening was carried out to separate portions of the deposit which were above the
seasonal water-table and not considered to be saturated.

Soils that were not considered susceptible to liquefaction based on the abovejscreening
criteria may still be subject to deformation at high Cyclic Stress Rati
settlement of unsaturated sand or cyclic mobility / loss of shear

2.3

Seismic Loading
The following seismic parameters have been u

* Velocity Related Seismic Zone P

* Zonal Velocity Ratio ¢ ’

= Acceleration Related Seisi;ail &Zone

@ Joadjfig is calculated using an “equivalent uniform CSR” equal to 65% of the single peak

o

@OR. This uniform CSR is applied over a duration of shaking representing a standard

magnitude 7.5 earthquake. The cyclic stress ratio is calculated using the following
formula:

CSR = 0.65 (ama/g) (6v/6’vo) Ta

The variation of CSR within the deposit is calculated using a stress reduction coefficient,
rq. This coefficient accounts for the flexibility of the soil column and varies with the type

L1
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soil profile. The relationship proposed by Seed and Idriss (1971) is commonly used to
calculate ry for routine analysis.

24 Evaluation of Liquefaction Resistance

The resistance of the deposit to liquefaction under seismic loading is calculated as the
cyclic resistance ratio (CRR). In this study, the CRR parameter at a given location is
estimated primarily from the measured SPT N-value and the fines content as regovered in
the split spoon sampler. The CRR of a deposit is estimated based on a comf;a"‘;rison with
database from a large number of case histories where liquefaction was4

observed following historic seismic events. The current CRR enve
use in assessment of liquefaction has been summarized by Youd e

hammer energy, overburden pressure, borehole diameter, &4l and sampler type. The
corrected SPT values are referred to as (N)so.

to increase the resistance to quuqf d6tfon. Surface manifestations of liquefaction occurring
at depths greater than 15 m an rarely mented. Correction for overburden stresses are

different magmtud The
associated with a l\‘gi S earthquake Calculation of CRR for other magnitudes is achieved

~of a Magnitude Scaling Factors (MSF). The frequency of large M7.5
?Wélatrvely stable central Canada is much less than along the Pacific Rim
najority of the liquefaction case histories originate. The design acceleration

srgn accelerat1on that the site will experience could therefore be a result of a smaller
magnitude events at closer distance or from larger magnitude event farther from the site.
Deaggregation of the seismic hazard for major Canadian cities has been presented by
Halchuk and Adams (2004). For data from the southern Ontario region, the mean
magnitude for short period accelerations with a probability of 10% in 50 years is about
Mé6.2. The MSF for a M6.2 earthquake was therefore applied as per Youd et al (2001).

[
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2.5 Embankment Construction

The immediate settlement associated with the proposed embankment loading will change
the in-situ stresses and relative density of the foundation from that originally measured and
therefore must be considered in the liquefaction analysis. The change in relative density of
the deposit was calculated based on the Tangent Modulus method of Janbu, adjusted for
the site conditions encountered in the boreholes. The changes in stress were calculated

using 2-dimensional stress formulation for an embankment on an elastic half-sp/ggé.

:

2.6 Post-Liquefaction Behaviour

26.1  Stability

values and the modest number of cycles for Asmaller ma ftude earthquakes in central

Canada make it unlikely that liquefaction would occur unfil near the end of the earthquake.

The foundation strength was modelled by rec ci‘ﬁg’%ﬁle shear strength of zones that are
"The full static shear strength was assigned to zones
For zones that are susceptible to liquefaction, the
undrained shear strength ratighwas set YtSed on the SPT N-value recorded in that zone
i bzﬁeﬂ on the method of Olson and Stark (2003).

considered susceptible to liquefactiop

where liquefaction is not anticigy

according to the relations

The analysis was carriéd ou
program GSlope pg

ing Bishops’ modified limit equilibrium method using the

fiquifaction settlements of saturated sediments were estimated using the
ihara (1985).

2,63 J Lateral Spreading

i (‘iﬁefaction beneath a flood plain or adjacent to a river or stream often results in
liquefaction-induced lateral spreading of the deposit usually affecting large areas. The
mode of failure can be characterized by two types of behaviour 1) lateral spread toward a
free face and 2) lateral spread of an inclined surface (generally inclined at 0.1 % to 6%).
The potential for this type of behaviour is assessed using the empirical method developed
by Barlett and Youd (1995).

L)
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This mode of failure is not considered possible given the geometry of the terrain adjacent
to the Highway 11 SBL.

3 EMBANKMENT DESIGN

31 General

The proposed embankment for SBL of Highway 11 varies in height from apgéoximately
6 m at the south approach to 10.8 m at the north approach. The proposed emb%i;tkment for

Ottawa Ave. is less than 2.5 m in height. Based on the proposed embankme

and the subsurface conditions encountered in the boreholes, t@,e

Y

3.2 Liquefaction Potential

The screening for liquefaction potential of th
silt is relatively low to non-plastic and

included in the more detailed an% :

b
The CRR of the entire depgsifé% was calculated according to the methods described above for

Figure 2. The results indicafe that approximately 20 to 30% of the deposit would be
susceptible to liqu ring the design earthquake. The locations of the susceptible

areas are shown in §

edsby Golder using hollow-stem auger methods. The use of hollow stem
in cohesion-less saturated deposits can result in inaccurate SPT N-values.

: Tgj,d provide a lower bound estimate of the relative density of the deposit.

3.3 EMBANKMENT RESPONSE

3.3.1 Embankment Stability

The stability of the embankment immediately following an earthquake was assessed using
reduced shear strength in potentially liquefied zones as indicated by the analysis described
in the preceding section. The distribution of SPT N-values adjusted for construction of the

L)
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embankment and location of potential liquefaction for the design section is shown in
Figure S.

It is expected that the presence of a sandy silt layers within the sand will impede drainage
of excess pore pressure following the earthquake, resulting in elevated pore pressures and
reduced shear strength for several hours following the earthquake. Analysis of
embankment sideslopes and headslopes were carried out as summarized below.

Embankment Sideslopes

The results of the analysis indicate that the embankment sideslope will bggha
safety F<1 for a finite period following the event. Based on the stability an
potential instability will likely affect an area from the toe ngpe extending to

in Appendix A.

33.2 Embankment Foundation ment

d ~with drainage of excess pore pressure and the
densification of loose sang lowmg oil liquefaction. The upper bound estimate of
gd of Ishihara, 1985, indicates a maximum volumetric strain
of 5%. However for this s fgg%ghe estimated configuration will be a2 6 m liquefied layer
located beneath a §gm Jayer of"intact soil. In this case, the maximum surface settlement is

5 g
expected to be less l}g A 200 mm. The settlements are expected to occur over zones where

settlement based on the mi¢

ithin%he foundation occurs. The location of the maximum settlement is
( icted o be beneath the sides and toe of the embankment and no significant
“‘%Eé%kpected beneath the central portion of the embankment.

mainline embankment and lateral spreading is therefore considered for the North-bound
lanes in a separate report.

L
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3.4 DESIGN OPTIONS

3.4.1 General

Seismic design requirements for bridges are provided in the Canadian Highway Bridge
Design Code. The requirements for bridges differ depending on the classification of the
highway as a “Lifeline”, “Emergency route” or “Other”. The requirements for each
classification are provided below: '

Lifeline Must remain open to all traffic following design e@h

Emergency Route Must be useable by emergency vehicles and secuni%ﬂefence

o Reinforce embankment
o Construct stabilizing berm

o Combined berm with geog

he;’fability of an embankment can be improved in some situations by adding berms at the
b6 of slope. Analysis of an embankment with stabilizing berms constructed on a
foundation with shear strength representative of post-liquefaction conditions shows no
significant improvement in the Factor of Safety. The results of the analysis are shown in
Figure B2 in Appendix B. Since the instability of the embankment is expected to extend
about 6 m back from the crest of the embankment, the potential for impact of instability on
the traffic lanes could be decreased significantly by widening the embankment at full-
height by at least 8 m horizontally.

L

L)
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344 Combined Berms and Embankment Reinforcement

An analysis was carried out using combined berm and geogrid reinforcement options
applied together. The initial results of the undrained analysis, Figure B3, indicate that the
stability of this configuration is marginal (F=0.95). The berms themselves have a factor of
Safety, F=0.85, as shown in Figure B4, and are expected to undergo shear movements
following seismic loading. However, the flattening of the berms as a result of slope
movements is expected to improve the stability of the main embankment slope% as shown
in Figure BS.

The analysis indicates that a Factor of Safety of 1.1 could be achieved for berm %@Jn wide
and half the height of the embankment. The reinforcement layers
capacity of 400 kN/m (5 layers with 80kN/m).

345 Repair After Seismic Event

: of the NBL and SBL mainline are expected to

., Based on the analysis the facility is
Ve icles following the event, but may have reduced

rg;dynamic compaction or compaction piles.

h water-table conditions at this site may preclude the use of dynamic compaction

3.4.7 Comparison of Options

A simplified cost benefit analysis has been carried out to compare the improvement options
described above. The results of this analysis are summarized in Table 1 following the text
of the report. Based on this analysis the minimum cost is associated with the option to
repair the embankment after the event. Therefore it is concluded that it may be more

L}
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beneficial to repair the embankment after liquefaction had occurred than to design the
embankment to withstand the event with minimal damage.

4 CLOSURE

The estimated liquefaction susceptibility is very sensitive to the SPT N-values recorded in the field.
Conventional auger drilling methods may yield N-values that will result in conservative an
overestimation the amount of liquefaction. Accordingly, specific drilling and sampling%methods
and the use of such as Seismic Cone Penetration Test to correlate SPT N-values and équlpment
would be required to obtain more precise estimates of the potential for 11quefact19n“‘@*h ;
investigation methods are outside the current scope of field investigation for the;

¢ specific

F

roject.

Engineering analysis and report preparation by:

S.M. Sather, P.Eng.,
Senior Geotechnical Engineer

Report reviewed by:
P.J. Branco, P.Eng.,
Review Engineer
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Highway 11, SBL - Ottawa Avenue Approach Embankment
Cost - Benefit Analysis

Estimated Potential Probability Present Comments
Design Option Capital Cost _ Repair Cost _ during 50 yrs Value
Stabilizing Berm $ 3,000 0 10% $ 3,000 |Widen embankment 8 m x 10 m high

Foundation Improvement

Vibro-compaction $ 14,200 0 10% $ 14,200 (20 m wide treatement area extending to 10 m depth
Dynamic Compaction $ 5,800 0 10% $ 5,800 |May not be effective if high water-table conditions
Compaction Piles $ 14,200 0 10% $ 14,200
Do-nothing $ - $ 1,500 10% $ 150 {Estimated repair (2005 dollars)
Notes:

1 Costs are per metre length of embankment

2 Cost estimates shown above are based on assumed design parameters for
each mitigative option and are provided only for comparison of the
relative costs.

3 Associated indirect costs resulting partial loss of service following a seismic
event are not included.

TABLE 1
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Appendix A Liquefaction Analysis

Figure Al
Figure A2
Figure A3
Figure A4
Figure AS
Figure A6

Plot of CSR versus
N;60 versus dept
Potential gLiquefaction Zones
of Embankment sideslopes
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SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES
TEXTURAL CLASSIFICATION OF SOILS

CLASSIFICATION PARTICLE SIZE VISUAL IDENTIFICATION
Boulders Greater than 200mm same
Cobbles 75 to 200mm same
Gravel 4.75to 7Smm ; 5to 75mm
Sand 0.075t0 4.75mm Not visible particles to Smm
Silt 0.002 t0 0.075mm Non-plastic particles, not visible to
the naked cye
Clay Less than 0.002mm Plastic particles, not visible to
the naked cye
COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm)
TERMINOLOGY PROPORTION
Trace or Occasional Less than 10%
Some 10 to 20%
Adjective (c.g. silty or sandy) 20t035%
And (c.g. sand and gravel) 35to 50%
TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY)
DESCRIPTIVE TERM UNDRAINED SHEAR APPROXIMATE SPT!'N’
STRENGTH (kPa) VALUE
Very Soft 12 or less Less than 2
Soft 12t0 25 2to4
Firm 25t0 50 4t08
Stiff 50 to 100 8to 15
Very Stiff 100 to 200 15t030
Hard Greater than 200 Greater than 30
NOTE: Hierarchy of Soil Strength Prediction 1) Laboratory Triaxial Testing
2) Field Insitu Vane Testing
3) Laboratory Vane Testing
4) SPT value
5) Pocket Penetrometer

TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY)

DESCRIPTIVE TERM SPT “N” VALUE

Very Loose Less than 4

Loose 4to0 10

Compact 10to 30

Dense 30to 50

Very Dense Greater than 50

LEGEND FOR RECORDS OF BOREHOLES

SYMBOLS AND SS . Split Spoon Sample WS Wash Sample AS Auger (Grab) Sample

ABBREVIATIONS TW Thin Wall Shelby Tube Sample TP Thin Well Piston Sample

FOR PH Sampler Advanced by Hydraulic Pressure PM Sampler Advanced by Manual Pressure

SAMPLE TYPE WH Sampler Advanced by Self Static Weight RC Rock Core SC Soil Core
Undisturbed Shear Strength

Sensitivity =

Remoulded Shear Strength

X Water Level
Cren Shear Strength Determination by Pocket Penetrometer

SPT ‘N’ Value Standard Penetration Test ‘N’ Value — refers to the number of blows from a 63.5kg hammer free falling a
height of 0.76m to advance a standard 50 mm outside diameter split spoon sampler for 0.3 m depth into undisturbed ground.
DCPT Dynamic Cone Penetration Test— Continuous penetration of a 50 mm outside diameter, 60° conical

steel point attached to “A” size rods driven by 2 63.5 kg hammer frec falling a height of 0.76 m. The resistance to cone
penetration is the number of hammer blows required for each 0.3 m advance of the conical point into undisturbed ground.
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KEYPLAN
LEGEND

Bore Hole By Thurber

Bore Hole By Golder

N Blows/ 0.3m (Std Pen Test, 475 J/blow)
CONE |Blows/ 0.3m (60" Cone, 475 J/blow)
Pressure, Hydraulic
WL ot Time of Investigation

Head Artesion Water

g —¥ ¢ 3

Piezometer
Rock Quality Designation (RQD)

NO ELEVATION NORTHING EASTING
414-2 342.3 5 077 318.8 | 312 899.1
414-3 343.6 5 077 294.6 | 312 904.0
14-1 347.0 5 Q77 260.8| 312 913.3
14-2 344.5 5 077 284.3| 312 906.0
14-3 342.3 5 077 317.2| 312 891.6

—NOTE—

The boundaries between soil strota hove been
estoblished only at Bore Hole locations. Between
Bore Holes the boundaries ore assumed from
geological evidence.

FIGURE A3

BRIDGE MQVE TO EXISTING OTTAWA AVENUE

DRAWING NOT TO BE SCALED '

DESCRIPTION

100 mm ON ORIGINAL ORAWING

JCODE CHBOC 2000[LOADCL-625-ONJ[DATE_SEPT, 2004

[CHK AEG |SITE 44—414 [STRUCT . JSCHEME . [OWG 2



Gamma C Phi Min Piezo Thurber Engineering Ltd. - Toronto
kN/m3 kPa deg clp Surf. 19-1423-26
Embankment 22 2 32 0 0 Hwy 11 - Burk's Falls
silty Sand 21 0 30 0 1 March 2005
Sandy Silt_dilt 20 25 0 0 1 Ottawa Ave, SBL
Sandy Silt_cont 19.9 0 0 .07 1 Liquefaction Analysis
Sand1 19.5 0 0 08 1
Sand2 19.5 0 0 .09 1
Sand3 19.5 0 0 A 1
Sand4 19.8 0 31 0 1
Bedrock 26 500 30 0 2

Potential Slope instability associated with liquefaction event
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Thurber Engineering Ltd. - Toronto

19-1423-26

Hwy 11 - Burk's Falls

. . 0. _ - March 2005
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Sand1 . . ' ‘ \Liguefactviwgn Analysis

R : g £ Chiasee —
i 2 : . ; i 5

29/11/2005 2:51:53 PM C:\DATA\PROJEC~2\19\19-142~3\OTTAWA~1\OTTS3.GSL Thurber Engineering Ltd. - Toronto F =2.017 FI G U RE A5



Area of Potential liquefaction

HWY 11 SBL - OTTAWA AVE
Plot of Estimated SPT After Embankment Loading

FIGURE A6



Appendix B Embankment Design Analysis ébst-li&%i%facuon)

Figure Bl
Figure B2
Figure B3
Figure B4
Figure B5

Embankment Stability with.G&
Embankment Stability with Berm
Embankment Stability wi

Berm stability

[

THURBER



Gamma C Phi Min Piezo Thurber Engineering Ltd. - Toronto
kN/m3 kPa deg clp Surf. 19-1423-26
Embankment 22 2 32 0 0

Hwy 11 - Burk's Falls

silty Sand 21 0 30 0 1 March 2005
Sandy Silt_dilt 20 25 0 0 1 Ottawa Ave, SBL
Sandy Silt_cont 19.9 0 0 .07 1 Liquefaction Analysis
Sand1 19.5 0 0 08 1
Sand2 19.5 0 0 .09 1
Sand3 19.5 0 0 & 1
Sand4 19.8 0 31 0 1
Bedrock 26 500 30 0 2

Potential Slope instability associated with liquefaction event
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FIGURE B1



Gamma C Phi Min Piezo Thurber Engineering Ltd. - Toronto
kN/m3 kPa deg clp Surf. 19-1423-26
Embankment 22 2 32 0 0 Hwy 11 - Burk's Falls
silty Sand 21 0 30 0 1 March 2005
Sandy Silt_dilt 20 25 0 0 1 Ottawa Ave, SBL
Sandy Silt_cont 19.9 0 0 .07 1 Liquefaction Analysis
Sand1 195 0 0 .08 1
Sand2 195 0 0 .09 1
Sand3 195 0 0 A 1
Sand4 198 0 31 0 1
Bedrock 26 500 30 0 2

Potential Slope instability associated with liquefaction event
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FIGURE B2



Gamma C Phi Min Piezo Thurber Engineering Ltd. - Toronto
kN/m3 kPa deg clp Surf. 19-1423-26
Embankment 22 2 32 0 0 Hwy 11 - Burk's Falls
silty Sand 21 0 30 0 1 March 2005
Sandy Silt_dilt 20 25 0 0 1 Ottawa Ave, SBL
Sandy Silt_cont 19.9 0 0 .07 1 Liquefaction Analysis
Sand1 195 0 0 .08 1
Sand2 195 0 0 .09 1
Sand3 195 0 0 A1 1
Sand4 19.8 0 31 0 1
Bedrock 26 500 30 0 2

Potential Slope instability associated with liquefaction event
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Gamma C Phi Min Piezo Thurber Engineering Ltd. - Toronto
kN/m3 kPa deg clp Surf. 19-1423-26
Embankment 22 2 32 0 0 Hwy 11 - Burk's Falls
silty Sand 21 0 30 0 1 March 2005
Sandy Silt_dilt 20 25 0 0 1 Ottawa Ave, SBL
Sandy Silt_cont 19.9 0 0 .07 1 Liquefaction Analysis
Sand1 19.5 0 0 .08 1
Sand2 19.5 0 0 .09 1
Sand3 19.5 0 0 1 1
Sand4 19.8 0 31 0 1
Bedrock 26 500 30 0 2

Potential Slope instability associated with liquefaction event
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FIGURE B4



Gamma C Phi Min Piezo Thurber Engineering Ltd. - Toronto
kN/m3 kPa deg clp Surf. 19-1423-26
Embankment 22 2 32 0 0 Hwy 11 - Burk's Falls
silty Sand 21 0 30 0 1 March 2005
Sandy Silt_dilt 20 25 0 0 1 Ottawa Ave, SBL
Sandy Silt_cont 19.9 0 0 .07 1 Liquefaction Analysis
Sand1 19.5 0 0 .08 1
Sand2 19.5 0 0 .09 1
Sand3 19.5 0 0 1 1
Sand4 19.8 0 31 0 1
Bedrock 26 500 30 0 2

Potential Slope instability associated with liquefaction event

F=1.166
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FIGURE B5



