_ CATARAQUIREGION
* CONSERVATION AUTHORITY

| Appendix ‘I': Requirements for Geotechnical Investigation

This document should be read in_ conjuhct_ion wi_ih S_ection 3.3_ of the CR_CA Planning' Po;li'cy._ _ |

1.0 PURPOSE

This document is intended to summarize the recom
Conservation Authority (CRCA) for the preparation of
Professional Engineers and Geoscientists for areas
facilitate the preparation of reports that will meet the in
sound development ‘practice within an expedient revi

mendations of the Cataraqui. Region
geotechnical investigations by qualified
within its jurisdiction. It is intended to
tent of provincial policy, thereby ensuring
_ ew time period. The guidelines reflect the
current knowledge of the CRCA, and may or may not satisfy the specific requirements of other
‘agencies. This document will be updated from time to time. .. T

These guidelines include a glossary which defines all words in italics, exclusive of those defined
by the Provincial Policy Statement (PPS) (Ontario 2005). B

20  POLICY CONTEXT

As stated in the PPS:

‘Development shall be directed away from areas of natural 'of" hunian-niade-

hazards where there is an uhacceptable risk to public health. or safety or of
~ property damage.” - :

Hazards addressed by the PPS include dynamic beach hazards, flooding hazards, and erosion
hazards. The preference is 1o avoid the hazard entirely, thereby avoiding or minimizing the
potential for property damage or risks to personal health and safety. The PPS allows for some
flexibility for development and site ‘alteration in those situations in which the hazard is
considered to be minor and can be addressed in an environmentally sound manner, .

The spegific interests of the CRCA include the following:
* The effect of increases in loading on slope stability/failure;

The effect of infiliration of surface water on slope stability/failure;

Evaluation of the susceptibility of slopes above or adjacent to a development 1o collapse:
and o

The use of appropriate and environmentally-sound protection works. _
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3.0 GUIDELINES

Detailed technical guidelines have been pre'pa'red o establish standards and procedures for
regional and site-specific investigations, These include the Natural Hazards Training Manual
(NHTM) (MNR 1997), and the Geotechnical Principles for Stabie Slopes (GPSS) (Terraprobe

Aqua Solutions 1998) prepared as part of the Great Lakes-Si. Lawrence River System ane
Large Inland Lakes Technical Guideline (GL-SL TG) (MNR, 2001).

The NHTM (1997) and GL-SL TG (2001) were developed by the Ministry of Natural Resources
to help implement the natural hazards component of the PPS. These documents define the
erosion hazard limit for all areas of the province while allowing for further refinement through
regional or site-specific analyses. Within the CRCA jurisdiction, the erosion hazard limit has
been further defined for the Lake Ontario and St. Lawrence River shoreline (J.D. Paine 1985 -

see Appendix ‘'C). If development is proposed within these established limits, there will be a
requirement for a sile specific geotechnical investigation.

An investigalion is required primarily to examine the erosive potential of the hazardous lands.
The NHTM has determined three differing areas of hazardous lands interest; -the Great
Lakes-St. Lawrence River System and River and Stream Systems are the two which are found
within the Cataraqui Region. Each area has established criteria for examination to determine the
extent of erosion hazards The Great Lakes criteria includes a stable slope allowance plus the
expected recession over a penod of 100 years or an erosion aﬂowance The Rlver and Stream

criteria include stable slope allowance plus a toe erosion a-‘!owance Qlu S an erosion access
allowance. These are defined in Table 1 of the NHTM. '

" Suggested Report Format

The study report should include the content and general format that is outlined in the GPSS

Sections 8 and 9. We suggest that the report could be broken into two parts. Part One would
include the factual data itself, such as:

*  Terms of reference
* - Details of field investigations, site condt’uons

* slope conﬁgurahonlproﬁle - height, inclination andshape, scaled cross~secnon
drawing

“subsurface conditions (actual and inferred) - soil stratigraphy and layering, soil type

and composntlon._soﬂ density and strengths, groundwater levels/observations,
seepage.

exiernal loadings - structures trafﬂc, eanhquakes \rees ﬁll

_site drainage - surface runofi, ditches, channels, seepage, creeks nvers Iakes
‘excavation

erosion - location, extent, severity, rates, wave aclion
vegetlative cover and species '
history of instability '
+ _site inspection record
Resuits of testing
Laboratory tesl resuils
Photographs
Borehole logs and piezometer monitoring data
Discussion of site inspection and measurements taken

]

° [ ] a t-3 E ]
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° Scaled site plan, with the relation to:

* existing and proposed structures

° current water's edge :

° top of bank, toe of slope, and other topographic information :

" * required water or top of bank setbacks as specified in the applicable Zoning By-taw

* regulatory floodplain (where defined)

* drainage features, erosion features, indicators of past instability or movement -

® vegetation cover
The GPSS includes a sample Slope Inspection Record form (Table 7.4, attached) and a Slope
Stability Rating Chart (Table 8.1, attached), both of which should be completed and included
with the report . These items aid in determining the required level of investigation.

Part Two would include recommendations based on the proposed cohstr'uction, such a:s::

Design bearing values

Caisson/pile designs

Potential settlement

Potential causes of instability

Safe slopes of banks and excavation walls

Earth pressures for shoring

Soil stabilization methods and comparison of benefits
Relation of hazards to proposed development

Long-term stable slope crest position and inclination
Factor of safety

Failure surfaces

Reference to stable slope, erosion allowances etc. as outlined in NHTM and Technical
Guidelines

Methods for soil erosion/sedimentation control

Methods by which to minimize impact on vegetation, and root systems
Timing of site works

Long term monitoring requirements

@ © ¢ © & © © ® © 0 o &

e o ¢ o

The report is to make explicit reference to the PPS, NHTM, and Technical Guidelines, all of
which are available for viewing at the CRCA office near Glenburnie, Ontario (north of Kingston

on Division Street). Only S| (metric) units should be used. The CRCA assesses a fee for our

review of this type of report. The fee assessed will be that in place at the time of report
submission.

The report wifl require the stamp and si

gnature of a Professional Engineer or Professional
Geoscientist as per GPSS Section 8.2,

Reports which do not include the above content ma

y not be reviewed until the appropriate
information has been included.

For more information, please contact the CRCA Watershed Engineer at (613) 546-4228 or via
fax (613) 547-6474.
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DEFINITIONS

Additional definitions are found in Section 4.0 of the CRCA Piannmg Pollcy Itis mlended that

ihe definition of these and other terms be consistent with the deﬁmtlons listed in the Provincial
Policy Statement, as amended.

Erosion: means the loss of land, due fo human or natural processes.

Erosion Allowance; a horizontal allowance measured landward from the toe of shorelme cllff bluff, or
-.bank reflecting the possible erosion. of the siope over a 100 year penod

Erosion Access Aﬂowance a hortzontal a!lowance measured from the top of the stable slope including

toe erosion allowance, to provide access fo the site for emergencies, regular maintenance, or unforeseen
conditions.

Stable Slope Allowance: a horizontal allowance measured landward from the toe of the shorellne cliff,
bluff, or bank reflecting a long-term stable state of the existing slope matena!

Toe Erosion Allowance: a horizontal allowance measured landward from the toe of the shorehne cliff,
bluff, or bank reflecting the possible erosion of the toe of the slope
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Auaaenaum 1 10 Appendix *J’
Geotechnica) Principles for Stable Slopes

Page No. 94
Omlario Ministry of Nawral Resources November 1667
TABLE 8.1 - SLOPE STABILITY RATING CHART
Site Location: File No.
Property Owner: Inspeciion Date:
Inspected By: Weather:
1 SLOPE INCLINATION Rating Value
degrees horiz. : vert.
a) 18 orless 3:1 orflatter 0
b} 18- 26 2:1 tomorethan 3:1 6
¢) more than 26 sleeper than 2 ; 1 16
2, SOIL STRATIGRAPHY
a) Shale, Limestone, Granite (Bedrock) 0
b) Sand, Grave! 6
<) Glacial Till 9
d) Clay, Silt 12
€) Fill : 16
) Leda Clay ! 24
3 SEEPAGE FROM SLOPE FACE
8) None or Near bottom only 0
b) Near mid-slope only [
c) Near crest only or, From several levels ) 12
4. SLOPE HEIGHT
a) 2m orless 0
b) 2Jto5m 2
c) 5.0t010m 4
d) more than 10 m B
5. VEGETATION COVER ON SLOPE FACE
a) Well vegetated; heavy shrubs or forested with mature trees 0
b) Light vepetation; Mostly grass, weeds, occasional trees, shrubs 4
c) No vegetation, bare g
6. TABLE LAND DRAINAGE
a) Table land fiat, no apparent drainage over slope 0
b) Minor drainage over slope, no active erosion 2
c) Drain_age over stope, active erosion, gullies 4
7. FROXIMITY OF WATERCOURSE TO SLOPE TOE
a) 135 metres or more from slope toe 0
b) Less than 15 metres from slope toe 6
8, PREVIOUS LANDSLIDE ACTIVITY
a) No 0
b) Yes 6
SLOPE INSTABILITY RATING VALUES INVESTIGATION TOTAL
RATING TOTAL REQUIREMENTS
1. Low potential <24 Site inspection only, confirmation, repon lener,
2. Slight potential 25.35 Site inspection and surveying, preliminary study, detailed report,
3 Moderate potential >135 Boreholes, piezometers, Jab tests, surveying, detailed report.
NOTES: ) Choose only one from each category; compare total rating value with sbove requirements.
b) If there is & water body (stream, creek, river, pond, bay, lake) a1 the slope we; the potential for toe erosion and
undercutting should be evaluated in detail and, protection provided. if required,
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Geolechnical Principles for Stable Slopes Page No. 97
Ontario Ministiv of Natural. Resources

Nover_nber 1997

9. GEOTECHNICAL REPORT GUIDELINES _ _

T is imponiant that detailed peotechnical reports on slope stability contain the necessary information to permit the reader
to fully evaluate the slope stability and possible consequences of failure. The reports shouid be as complete as possible
in collecting and summarizing all available factual information on a site. The follo

wing section describes the typical
requirements for detailed geotechnical investigations of slope stability, the general approaches available, and the issues
which should be discussed. ' ' ' o '

9.1 Review of Available Data '
Regional geology should be considered at the outset of any slope stability investigation, along with any records of past
slope instability situations. MNR geological mapping (bedrock geology and bedrock topography or drift thickness,
Quaternary geology (see enclosed Map 2556), and MOE water well records) is available for many areas of the province,
including most urbanized centres. S e '

As well, many urbanized areas have had topographic mapping prepared from air phbtography interpretation and this
is often available from the Engineering or Public Works Department in the municipal level government offices. The
mapping should preferably be at a scale of 1:500 or 1;1000 i to show sufficient detail of the slope profile. These

in order

government offices sometimes also possess records of historical air photographs which may document conditions of
erosion, slope instability, land development, or land filling. o :

The Metropolitan Toronto Archives (and the U_ia_i\"ér"sily of _thoiitp; Robarts Library) has such air photographs for the
Toronto-centred area which are available from 1947 on almost an annual basis. These air photographs are at a scale of
about 1:4800. Conservation Authorities also have files which document past reports of slope failures or erosion.

92 - SiteInspectionand Mapping .
As discussed in Section 8, a site inspection is always required when assessing slope stability, which produces an
extensive basis of factual information for relatively little cost. A variety of other data including serial photographs,
topographic maps and so on can be used to support the field data, o ER -

The completion of the Site Inspection Record from a field investigation is very important because it establishes vital
factual information on the slope height, slope inclination, exposed soil stratigraphy (if visible), vegetation cover,
stuctures near the slope, and other important features which are relied on by the stability analysis in attempting to model
or simulate the actual forces and strength resistance conditions at a site. A photographic record (still or video) should
-also be taken of the site slope conditions. it

The Site Inspection Record (see next page) has the following components :to be recorded about the site. Further
description is found on Table 7.4. o
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Geolechnical Principles for Stable Slopes
Ontario Ministry of Natural Resources

- " Vegetation Cover

" 'Page No. 98

November 1997
File No. o o S
record date and time of inspection, including weather conditions and visibility, site
accessibility = _ : ' TR s '
Site Location

describe site location with respect 10 major roads or regional features; provide sketch
Watershed

record name of watershed site is located in

Property Ownership =~~~ e e
~ obtain name and address of property owner, and legal description for property; describe
- cunment land-use of site and adjacent properties S -
Slope Data

record vertical height of slope from toe to éfesl;_desmibe si_oj)c inclination (hoﬁi. to verti. or
- angle from h()rizonta'_l-)_ .and_shape (also provide sketch at end of ‘Teport ‘and take
photographs), whether slope angle is uniform or composite . - T

Slope Drainage

describe loca

escr tions and amounts of any seepage on the slope face or near the slope crest or
toe; note location of any 'piping' if occurring, also provide skeich at end of report and take
photographs T T S

Slope Soil Suatigraphy

where visible or exposed, describe soil stratigraphy (location, thickness, ‘colour of soil
layers) and soil types (sand, clay, rock) if _possible, also show on sketch and take
- photographs - -0 R R

Walter Course Features
indicate location and proximity of any nearby drainage features or water bodies (marshy
ground, swale, channel, gully, springs, stream, creek, river, pond, bay, lake), show on sketch

* -~ i-describe location, amount, and typés of v'e'gg'l'al_ii_)_'p éovcf on i.he slope (crest, face, toe) and
on adjacent properties; show sketches, take photographs; grasses, weeds, shrubs, saplings,
rees . S L :

Structures
describe location, types, and size of any man-made structures on the slope face or near the

slope crest or slope toe; show on sketches, take photographs; buildings, retaining walls,
fences, roads, stairs, decks, towers, bridges, buried utilities
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Page No, 99
Ontarig Ministry of Natural Resources

November 1997

Erosion Features

describe location, types, and size of any erosion features on the slope face or near the slope

crest or slope toe; show on sketches, take photographs; bare exposed soil, rills, gully, toe
erosion, scour, undercutting, piping : : : '

Slope Slide Features

describe Jocation, types, and size of any past slope movements on the slope face or near the
slope crest or slope toe; show on sketches, take photographs;

tension cracks, scarps, slumps,
bulges, ridges, bent tree trunks or stands of dead trees .

® Commenis
record any other general observations

. Plan View Sketch
show locations of slope crest, toe, structures, vegelation, stratigraphy, seepage, erosion,
water course features _ . S S

. Profile Sketch

show slope height, inclination, and shape
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Geolechnical Principles for Stable Slopes

Page No. 100
Ontarip Ministry of Natura) Resources November 1997
TABLE 7.4 - Slope Inspection Record
1. FILE NAME / NO.
INSPECTION DATE (DDMMYY):
WEATHER (circle): o sunny © panly cloudy o cloudy
o calm © breeze © windy
o clear o fop ©rain © snow
o cold o cool o warm © hot
. C . - estimated air temperature:
INSPECTED BY (name): ’ :

2. SITE LOCATION (describe main roads, features)

SKETCH

3. WATERSHED

4. PROPERTY OWNERSHIP (name, address, phone):

LEGAL DESCRIPTION
Lot
Concession
Tovnship
County

CURRENT LAND USE (circle and describe)

© vacam - field, bush, woods, forest, wilderness, tundra,
© passive - recveational parks, golf courses, non-habitable structures, buried utilities, swimming pools,
© aclive -

habitable structures, residential, commercia), industrial, warchousing and storage,

© infra-structure or public use - stadiums, hospitals,
schools, bridges, high voliage power lines, wasie management sites,

5.SLOPE DATA
HEIGHT ©3-6m e6-i0m ©30-15m °15-20m
©20-25m ©25-30m ©>30m
estimated height (m):
INCLINATION AND SHAPE
o 4:1 or Naner cupto 3] o up to 2:1
25% 14° 33% 1BK" 50% 264"
o upto 131 S up 1o Y4l o steeper than Y4:1
100 % 45° 200 % 63%4° > 63%°

6. SLOPE DRAINAGE (describe)
TOP

FACE

BOTTOM
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Ontario Ministry of Natural Resources November 1497

7. SLOPE SOIL 8T
TOP .

RATIGRAPHY (describe, positions, thicknesses, 1ypes)

FACE

BOTTOM

8. WATER COURSE FEATURES (circle and describe)
SWALE, CHANNEL

GULLY _
STB.EAM. CREEK, RIVER
PONII;. BAY,LAKE
SPRINGS

'MARSHY GROUND

9. VEGETATION COVER
TOP

(grasses, weeds, shrubs, saplings, trees)
FACE

BOTTOM

10. STRUCTURES

(bﬁildings, walls, fences, sewers, roads, stairs, decks, lowers, )
TOP .

FACE

BOTTOM

11. EROSION FEATURES " (scour, undercutting, bare areas, piping, rills, gully)

FACE

BOTTOM

12. SLOPE SLIDE FEATURES  (tension cracks, scarps, slumps, bulges, grabens, ridges, bent trees)
TOP

FACE

_BOTTOM

13. PLAN SKETCH OF SLOPE

14, PROFILE SKETCH OF SLOPE

5% Terraprobe
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9.3  Site Plen and Profile

1f there is insufficient existing topographic mapping on a site (at 1:500 scale or better), then detailed topographic
surveying will be necessary to establish positions of surface features (slope crest, toe, structures and fences, vegetation

and trees, drainage or seepage, scarps, ridges), as well as to measure siope profile (cross-section) or configuration
(inclination). The plan should also show the locations of boreholes, auger holes, or

the soil stratigraphy (see enclosed examples and Figure 80).

test pits. The profile should show
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Figure 79 - Plan and Profile

9.4 Borcholes

The subsurface conditions of the siope should be investigated with boreholes and piezometers, 1o accurately establish
the soil types, soil stratigraphy, soil relative density or consistency, proundwater levels, and obtain soil samples,
Boreholes are more suitable for investigation than test pits, because excavated test pits are limited by the equipment to
maximum depths of 3 to 5 m. Conventional boreholes can be drilled to depths of 30 m or more. '

One or two boreholes may be sufficient for many small and simple sites, while many boreholes may be required for
larger sites or complex site conditions. For example, boreholes for other engineering projects are often spaced as
follows:

Road Pavements and Sewers 5010150 m

Buildings 1010 30 m.

For uniform slope condiﬁons, a reasonable maximum spacing of boreholes along the slope crest would be about 100 m
(a closer spacing may be necessary for complex sites).
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Generally the ground conditions should be established for the full height of the slope. Some judgement can be used
where previous information is available, or where rock or other competent material is found at a shallower depth.

There are several methods of advancing boreholes,
‘o hand aupgers
© wash boring
.0 rotﬁfy auger (conlinuﬁus fii ght)
. - solid siem

- hollow stem.

The borehole is usually advanced by continuous flight solid-stem augers (see Figures 81 and 82) which are extracted
at each depth interval to permit the insertion of a sampling device of test apparatus. These solid-stem aupers tyy

result in borehole sizes of about 125 mm diameter. Hollow-stem augers (continuous flight) do not require extraction
at depth intervals because a central hollow core serves as a casing to support the borehole. Sampling and testing
equipment can be inserted through the augers to the bottom of the borehole. In very deep boreholes, the torgue required

to m the augers may not be available and other means of borehole advancement are required, -

solid-stem-aupers typically

) — —
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Soil boring using auger method.
Figure 80 - Borehole Drilling T
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Another standard method of advancing
boreholes (through very slow) is “wash
boring” which involves the insertion of pipe
casing to support the hole and the use of a
chopping bit on drill rods 1o dislodge the soil
at the bowtom of the borehole. Water is
pumped under pressure through the drill rods
and chopping bit to wash out the dislodged

soil. The casing is driven 10 the bottom
successively as required.

- Pontable tripod equipment can be used in
difficult access -areas (i.e. on slope face), 1o
-advance boreholes to moderate depths such as

51010 m. This is very siow work.

.B:oréholes can also be drill.ed off-shore in

standing water (lake, river, pond, bay) with the

aid of a barge or platform to carry the drilling
equipment.

Shallow hand auger holes can also be carried
out (1 m depths) on steep slopes or in difficult

access areas, but these are of limited value due
10 the shallow depth.

The most common test in the borehblé is the Standard Penetration Test ( (S.P.T) which consists of driving a standard
split-spoon _sampler (50 mm diameter, 600 mm, long_) into the bonom of the borehole with a fallin
dropping over a height of 0.75 m (see Figure 83).

le}
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(n) Stendard split-spoon sampler;
(b} dimensions of the standard.
split-sampler assembly

Figure 82 - Standard Penetration Test
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This test is repeated at increasing depths as the borehole is au

penetration into the ground is measured and the number of blows required to obtain penetration increments of successive
150 mm are counted and recorded ("N" value). The "N" value or standard penetration resistance is expressed in blows
per 0.3 m penetration. The initia} 150 mm penetration is usually disregarded due to possible weakening or distarbance
at the borehole bottom. '

gured out in increments of 0.75 10 1.5 m. The sampler

The measured "N" value provides a relative indication of penetration resistance which has been comrelated to other sojl
properties such as density and shear strength. The Standard Penetration Test is commonly used in almost all ground
conditions, except sofi clay. The S.P.T. samples are considered disturbed due to the high area ratio of the sampler to
the sample diameter. Co '

In soft cohesive soils, thin-walled Shelby tubes are used for the extraction of relatively undisturbed samples( see Figure
84). The field vane apparatus is also used in soft, cohesive soils, in order 10 obta

in shear strength values of the soil. The
field vane consists of a vane-like device on the end of drill rods, which is inserted into the soil at the borehole botiom
and then turned at the ground surface. The lorque required to tumn the vane is measured. The measured torque can be
related to undrained shear strength based on the shape and size of the field vane ' o

' DRILL RODS
A

' R ~Ground Surace .

BOREHOLE
WALL

SAMPLER

LA éo.il Sample

Figure 83 - Shelby Tubes

Other types of penetration resistance testing can be carried out (dynamic cone, static cone) and these are summarized
on the following Table 9.1 (ref. Cdn.Fdn.Man.),
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- TABLES.1 - Borehole Test Methods
Type of Test i Type of Soi Properties Obtainable Remarks References
- BestFor Not For

1. Standard - Sand Clay i Qualitative evaluation.of {See Section 4.5.1.1) 1) CSA Al119.1

- Penetration : : COmpaciness; o . 2y ASTM D1586
Test compatisen of subsoil - 3) Fleicher (1965)

stratification. 4) Peck et al (1963)
3) Tavenas (1971)
_ 6) ISSMFE (1977)

2.Dynamic | Sandand | Ciay = | Qualitative evalumtion of 1) ISSMFE (1977)

“Cone i Gravel compactness; . SR
Test - i comparison of subsoil

o ‘stratification,

3. Suatic Sand Continuous evaluation of Test is best suited for 1) Sanglera1 (1972).
Cone density and strength of sands | design of piles in sand. 2) Schmerumann 1970)
Test and gravel; "~ ... . i Tessinclay only reliable 3) Ladanyi & Eden (1969)

undrained shear strength in _ with vane tests. 4) 1SSMFE (1971
clays.

4. Plate Sand ‘Modulus of subgrade. Strictly applicable in
Bearing reaction. uniform deposits.

Test Ultimate bearing capacity. Size effects must be
T considered in other cases,
5. Vane Clay Silt Undrained shear strength ¢, Test should be used with 1) ASTM D 2573
Test Sand R o - care particularly in 2) Bjerrum (1972)
Gravel fissured, varved and 3) Aas (1965)
highly plastic clays. 4) Lo (1972)
5) Schmenmann 1975)
. 6) Lemasson (1976)

6. Pressure Soft rock - Uhimate bearing capacity {See Section 4.5.1.3) - 1) Menard (1565)

- meter Sand and compressibility 2) Eisenstein (1973)
Test : 3) Tavenas (1971)
4) Bapuelin 1978)

7. Sand Clay Evaluation of co-efficiemt of Variable head tests in 1) Hvorslev (1949)

Permeability and permc.abilit_y BH's have limited 2)NAVFAC DM7
Test Gravel S accuracy. Results reliable 3) Sherard

: to-one order of magninde b
obiained only from long
term large scale pumping
tests.

The field technician keeps records of the drilling and sampling operations, along with sample descriptions and
stratigraphy. The soil samples should be sealed and transported to a

geotechnical laboratory for testing of index
properties as noted below (see Figure 84). .
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Flgure 84 - Appropnate Lab Tests for Field Samples . ST I

Enclosed are samples of field borehole logs and the office report logs (see Figure 85)
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95  Piezometers :

Groundwater conditions are often measured by standpipe piezometers consisting of hollow p]'éstic' pipe or lubing (10

to 50 mm diameter), which are installed in the boreholes on completion of drilling (see Figure 87). Monitoring of
groundwater levels is conducted afier borehole drilling.

The most common standpipe installation consists of smal) diameter tubing which extends down toa ﬁl_ti:red_ porous {or
perforated) tip that is surrounded with pranular material (sand or fine gravel), Groundwater is allowed 10 enter the
standpipe through the filtered porous or perforated tip, and 10 rise 10 its static hydrostatic or piezometric level inside the
piezometer tubing or piping. The groundwater leve) in

side the tubing can be measured by lowering a calibrated coaxial
cable with low electrical current (or other device) down to the water level, o

A beﬁtonile clay seal (swelling or expansive clay) is typicélly provided' just above the filtered tip, to ensure that the
measured hydrostatic pressure is representative for the leve) of the piezometer tip (protects against influence from
different pressures at different depths. Afier backfilling the borehole t

o near the ground surface, an additional bentonite
clay seal is usually provided, to protect against surface infiltration down the backﬁ;!_lgd borehole.

Vent hole Cover cop.

To ground suribee

Filled with bentonite 1 Flexible nylon tubing
shurry alter ‘pulling : o
protective pipe

Temporary protective

A-impervicus backfil
" Plastiz pipe

¥mparvious B” Drill hote

Protective
pip2

Bantonize pellets

Perforations “Sand
: . . #h pipe N .
Temped . - - . o o mps lip
benionite peliets . o R .
Perforations in pipe tip
#J—Sond

)
N

: .- Hustrations of piezometer types: (a) open tube type for use in permeable
soil; (b) pressure cell for use in impermeabls soil.. S e

- Figure 86 - Piemmeter_s

Other remote monitoring types of piezometers are available, such as pneumatic, or electric. The advantages of standpipe
piezometers include inexpensive cost, no de-airing required, no calibration required.
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Mosi standpipes are backfilled with the native soil, when the monitoring after drilling does not extend beyond a few
months. For long-term monitoring (many months) the piezometer installations should be grouted 1o protect againsl
backfill settlement and damage to the tubing or connections. o ' : :

9.6  Laboratory Testing .

In the geotechnical laboratory, the soil samples should all be subject to tactile examination by an experienced engineer
who confirms the field descriptions on the borehole log, and who selects representative samples for detailed testing.
There are several common laboratory tests to establish index properties of soils. The behaviour of soils types are often
estimated on the basis of their measured index properties. . .. L ' s

The most common laboratory tests and their recommended testing frequency for samples are:

“A. Water coril_én;s,an.'samb]'es'.

B.  Atterberg Limits, cohesive strata

C.  Grain size distribution, all strata

D.  Soil unit weight, as required

E. Specnﬁc g_ré'yity,__as required k :

F. D_i_r_g-.::t:s.hgar_ test, :ga'nd sirata, as required
G.

Triaxial compr_césibn test, cohesive strata, as required.

The following is a summary of each of the above laboratory tests, as well as example test regi;lls.

9.6.1 Waler Content

The water content is a relal'ivé']y' simple measurement which should be undertaken on ali béréﬁole 50il samples. The
wailer content is defined a

as the _i"_ﬂtio of the weight of water, 1o the weight of solids in a soil sample, and is often
expressed in percent. Lo PN

The test is usually conducted by we.i.ghing a sample in it's natural state, and then drying the sz_imple in a oven vntil all
of the water has evaporated. The sample is then re-weighed, and the weight of the water loss as well as the weight of
the dried soil is determined. - SRR IR '

The variability and accuracy of the measurement is relevant only to one digit, and should never be reported 1o more than
one decimal point. :

The limits on the water content are indirectly controlled by the void ratio or porosity within the soil mass, that being,
the available void space between the individual soil particles. A soil is considered to be "saturated” if all of the void
space has been filled with water. In natural environments, the water content of a soil mass may be saturated if natura)

water infiltration is present, or it may be partially saturated and consisting of air and water in the void space. For
comparison, the saturated water content of various soil types are as follows (see Table 9.2).
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TABLE 9. 2 - Saturated Sml Water Conlems

SOIL TYPES | SATURATED WATER CONTENT

sanq and gravel 5-7 % by welghl _
saﬁd - 8- _10 %
giit‘ | 16-20%
clayey sl o 20-30%
clay | 30 - 40 % |

9.6.2 Atterberg Limits

The Atterberg Limit test is an empmca] type test measuring the consistency of fine gramed s0ils. Samples of a soﬂ are
mixed to a wide range of water contents and measurements of the water content are taken for ranges of the soil's
consistency; 'liquid’ or ‘plastic’. Atterberg Limits consists of the liquid limit and the plastic limit, each representing a

boundary or limit of water content thai produces a differem behaviour. Vanons tnols and test eqmpmem are used 10
conduct the Atterberg Limits test (see Figures B8 and 89)

il TEEFFrE
2.0 mm

~
L 50 mm — \

te}

(a) Liquid limit trial being performed (b) de!alls of |IQU!d Itmu devuce {c) soil
lhread bemg roiied o de!ermme piashc lnml

Figure' 87 - Atterberg Limits
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Figure 88 - Photo, Allerbei'g Limits

The following Table 9.3 describes the different behaviou; for the different limits.

TABLE 93 - CdnsiSlency / Behaviour of Cohesive Soil

Stage ) D__ﬁ(:rih_lion - Boundary orl..uml .
liguid shurry, vicious liquid, '
pea soup to soft buter T
i liguid .. "
plastic _ deforms but will not crack,
s soft butter to stiff putty IR
LA plastic =
semi _sc;l_ic_l_ S - deforms permanently but cracks,
S . cheese IR SR
shrinkage .
solid

" fails completely upon deformation,
_hard candy R

The liquid limit is defined as the water content at which a pre-shaped groove cut in a moist soil contained in a
specifically shaped cup, closes after 25 taps on a hard rubber plate. The plastic limit is the water content at which the

soil begins to break apan and crumble when rolled by hand into threads 3 mm in diameter. The shrinkage limit is the

water content at which the soil reaches its theoretical minimum volume as it drys out from a saturated condition. The
difference between the liquid and plastic limits is termed the

plasticity index, which represents the range of water
contents through which the soil is in a plastic state. '

The Atterberg Limits serve as indexes to other significant properties of the soil which are useful. For example, the liquid
limit has been found to be proportional to the compressibility of the soil.
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The Atterberg Limits are relevant only to fine grained soils possessing cohesion {i.e. having a significant percentage

of clay-size particles), and are most relevant 10 weaker cohesive soils, as opposed 1o very stiff to hard cohesive soils.
Soil classifications have also been developed based on plasticity (see Figure 90).

Primary letter - Secondary letter

Gravel = - W: Wellgraded =
Sand - “P: - Poorly graded " -
Silt o ~'M: “With non-plastic fines
Clay =~ - C: With plastic fines
L
H

TONZLO

-
o

Organic soil

Of low plasticity (LL < 50) -
Peat

] 1 Of high plasticity (LL > 50)

W
N

2 — /
) / MHfor OH |’
20 - - —

Plasticity index

/1
| CL

: b BT TR IV SRS S
0o 107120 1730 46

0

867 56 B0 30 86 90 Y00 -
g ©Liguid timit R
_Figure 89 - Pl-aéﬁéit_y ' '

9.6.3 GrainSize Analysis . o T e T

There are 2 common methods of grain size analysis, depending on the range of the particle size being analyzed; these

are mechanical sieve analysis and, hydrometer analysis. . T T
Cohesionless soils, those being comprised of fine sand, sand, gravel, and coarser particle sizes, are commonly sieved
mechanically, through a graduated series of sieves. Each sieve has a finer mesh than the one proceeding it (see Figures
91 and 92). The weight of the sample retained on each sieve is compared 1o the total weight as a percentage.
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(D
A
,

S
5 Pt
S
3

! igure 91 - Pho_io, Mechanical Sieves

Grain size distributions for fine grained soils (finer than fine sand) are analyzed through a sedimentation experiment,
The sedimentation procedure is referred to as a hydrometer analysis.
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In @ hydrometer analysis, fine grained soil is first dried, and broken down to it's natura) particle size. The fine powder
is then saturated and treated with a chemical defiocculatin

g agent which will br_eak'up clumps, or flocs, of fine soil
particles, and keep individual soil panicles separate. ' '

diagram showing
: change in herometer depth as soil
 parlicles setile out of solution.

r

-
-~

Start -y

~— Time increasing from start of test —

Figure 92 - Hyd_romét_cr Analysi$ -

After treatment with the deflocculating agent; water is added to the sample 10 produce a fixed volume and the mixture
is shaken into suspension thoroughly. The procedure is conducted using a glass cylinder, which is then set upright and
a hydrometer is used to measure the density of the suspension (see Figures 93 and 94). Measurements of the suspension
density, or specific gravity, are taken at time intervals which have been calibrated to various particle sizes falling through
the water suspension. This permits similar calculation of weight of particle sizes as a percent of the tota) sample.
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Both the sieve analysis and hydromeler analysis may be requared for soil types that mcludes sand and grave) as well as

silt and clay sizes. The grain size distribution is often plotied on a semi-log graph, represented by gradation curves of
particle size versus percentage by weight of the total soil sample (see Figure 94).

® BH1 SA 3 4.7 n depth CLATEY SILT, some sand and gravel
& BH2 SA B 9.4 m depth SILT, trace sand and clsy .
O BHu & & 3.1 r depth CLAVEY SILT, trace sand and gravel
a BHE SA 7 7.8 o depth CLAYEY SELT; sope sand and gravel
oo i % W Y e o e secws w0 . WS STANDARD SEVE SQES
100 A O
! ﬁﬁ%q T 1d T
80 l . 5 A, 90,
' : Nal A B _
&0 ' frb' - ' 80
-
N .
70—t &‘ ny ) : 20
: o | WlEel ||
Lad 1) b ‘&0
o ] )
s 1l SRR
w SO ] T 50
£ ST
S 40 H\ 40
g l !
[-% 30 " - . 1]
.- . [ \J\
! ) : Y
20 - : ; ——120
s LT e T L |
- 00 G o o o e 000 . ogoo
ol el N BRAIN BIZE men
s "““:&BBLE Eoaise {meoun | Fo

.mu:]uml nat
GRAVEL S1Z€ ‘SAND SIZE

Figure 94 - Grain Size Gradation Graph

omysme ) o euar miae
FINE GRAINED

Gram s:z.e distnbuhons may range from wniform (all of a sum]ar parhc]e s:ze). to well graded.(a range for vanous soil
: pamcle s1zes), to gap graded w}uch isa combmanon of two or more umform so:l 351 es. -

’I‘he gram size d:stnbuuon of a soil type helps 10 cl assnfy the so:] and gwes msnghl as lo other propemes of thc so:l such
i as pen’neab:hty 'nd de nsny, as. we]] as shear strength' PR

R The sonl uml we:ghl .IS a_d;rect mcasurement of the umt we:ghl or. ensngz of the s_ample (sml pamcles
~ moisture; voids). This measurément is usually taken on umformly shaped soil samples, either directly from split spoons
. ‘or from shelby tubes samples obtained from boreholes. Samples are typzcally cylinder.

_ aped, of a rc]atwely ‘constant
diameter, and of different lenglhs “The nit weight can be measured directly by a phys:cal measurement of the

dunensnons and we:ghmg the sample and obtammg 2 unit wenghl or by walerprooﬁng lfle sample and wclghmg it in air
: -and wexghmg it submerged in water to get 2 umt weight. -

: __For most of the 501] types, lhe 1anpe of unit welgh is relauvely narrow, betwecn about 7 ggd 2!! KN I m’. The density

- willvary, panly dependam on the’ compacmcss or consxstency of the soﬂ mass, as wel] as lhe waler comem of the soil
mass, and specific gravity of the individual soil particles.
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9.6.5 Specific Gravity

The specific gravity test is a measurement of the unit weight or density of the individual soil particles rather than the
aggregate soil mass. The individual particles are ofien made up of other minerals such as calcite and quartz. The specific

gravity has been well established for various soil types, and has been found 1o be generally about 2.65 to 2.67 for

cohesionless sandy type soils, and can vary from about 2.68 10 2.72 for clay minera) type soils.

9.6.6 Direct Shear Test

Direct shear tests are usually carried out on cohesionless soils, such as sands or silts. The tests are normally undertaken
in dry conditions from dry samples and consists of placing and compacting the soil mass in thin Jayers into a square

mould, placing a predetermined confining weight onto the sample, and measuring subsequent displacemnent. The mould
is split in the centre so that it can be sheared along a con Nt

stant plane, and measurements of the shearing resistance and
deformation rate are obtained (see Figure 95). - - ' - ; .
, Dial gauge 10 measure
/ ~sample compression or
Normal . expansion
- {compressive) '

loading {constant)~ S
_ , Loading plate

g Z, ' o 'S'hearing plane
ﬁ %.. T, . L I
Z A7 r Shearing force. $
?- . ' 32 (variable)
< . Fooussioner ) |
dial gauge . W 2NN QONONSES
. 10 measure AEIAMANY NN -- NN
- shearing T o

displacement, §

Schematic diagram of direct shear apparatus

Figure 95 - Direct Shear Test

The test permits the testing of the shear stress at different levels of confining stress to obtain a straight line or slight
curve referred to as a Mohr-Coulomb plot. This plot of shear stress versus confining stress, or normal effective stress,
permits the direct measurement of the angle of internal friction phi, ¢

y Terraprobe




Ueotechnucal FTIRCIples 107 Slable Slopes
Ontario Ministry of Natural Resources

f’ageﬂo.llﬂ
November 1997
DIRECT SHEAR TEST RESULTS
_ _ BH 1 SA 4.9 o
SHEAR STRESS _200'0- ‘
xPa) 180.0
160.0 -
140.0 o SEEEEEE 7
1200 .. s ey
100.0
80.0 -
E0.0 _‘%
400 B : =
200 '
0.0 | — }
0.0 20 4.0 60
I - HORIZONTAL DISPLACEMENT (mmy) .
o 204 kPa NORMAL + 204 4Pa N o . o 54 kPa NORMAL
s 54 kPa NORMAL x 27 kPaNORMAL =~ 27 KPa NORMAI

- gliila

Figure 96 - Direct Shear Test Results

This test provides a general ipdi_i:at_iﬁiﬁ_éf the angle of mlerna} ﬁicﬁi’oh _ft_)'if a50il type. In some instances, such as very
dense soils, it is difficult to reproduce the level of-density in the preparation of the sample during the tesi. For this
reason, the measurement of the true friction angle may not be possible due to the inadequacies of the test equipment and

methods to simulate the field conditions. A general wend of the angle of internal friction in the higher density or
confining stress levels can be obtained by conducting a number of tests at increasing confining levels (see Figure 96).
This test method usually undertaken only for complex problems, with the an

gle of internal friction more commonly
estimated on the basis of borehole standard penetration test results, _

9.6.7 Triaxial Compression Tests
The 'effective stress' shear strength parameters of ¢’ and ¢' for cohesive soils are commonly measured in the triaxial
apparatus. The triaxial test is conducted on relatively undisturbed soi) samples obtained from the field using thin walled

Shelby tubes. This limits the triaxial testing to soils which can be sampled using Shelby tubes. Only firm 10 stiff or softer
cohesive soils can be tested. Very stiff to hard consistency soils can not be sampled using shelby tubes due to their dense

nature,_
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Loading piston for
applying vertical force

Air or fluid
in chamber,
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’

- (air or water)

—Top loading plate
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Tie rod Rubbé_r membrane
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metal for high
pressure testing)
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w
=4
A
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o
%
Z m‘_..m} Porous stone

Schematic diagram of triaxial compression test apparatus

Figure 97 - Triaxial Test Apparatus -

Properties for very stiff to hard soil types are often estimated on the basis of standard penetration test results or on
previous triaxial testing on soils of a softer or less dense consistency,

The test consists of the extrusion of a cylindrical shaped sample from a Shelby Tube, and enveloping the sample with
a rubber membrane. Permeable platens are placed at each end of the sample, to permil pore water drainage, and the
application of loads to the sample. The entire s

ample with rubber membrane and platens (see Figure 97) is placed in a
plastic cell which can be filled with fluid to apply a confining pressure to the entire sample during axial loading,

This configuration permits the saturation of samples which are not fully saturated. Saturation is required to simulate the

weakest possible soil strengths. This test also permits the measurement of pore water pressure 5o that the drained values
for shear strength and internal friction can be measured. The triaxial test can typically take several days 10 complete,
while the direct shear test can usually be completed in one day (see Figure 9

8).
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~ TRIAXIAL COMPRESSION TEST RESULTS
Consolidated Undrained (with PWP measurements)
BH 1

-0.1 - " j
-0.2 ;
-0.3
-0.4 -
~0.5 = ot —
~0.6 .

-0.8
-0.9
-1
-1.1
-1.2
-1.3
-1.4
-1.5
~1.6
~1.7
-1.8
-1.9
-2 — - :

S0 10 . IRENENTE 1 T

[11]

VOLUME éHANGE DURING  CONSOLIDATION {mI1)

30 40
o sa\
Figure 98 - Triaxial Test Results

SQUARE ROOT T TIME (mln)
+ SA2 .. .. e SA3

9.7 Engineering Analysis

The engineering analysis should be conducted with a recognized method (BiShbp's. Janbu, Morgehslefn—Priée, Sperncer,
Sarma) in accordance with the guidelines provided in the previous Section 6. The geotechnical report should provide

details on the analysis method, the model basis and al) assumptions made, and the extent of calculations with an overal
summary. Both in the report text

and on suitable figures or drawings the following basic information and discussion
should be provided, e S S

‘@) slope height, slope inclination,
location of structures near slope,

€) - assessment of erosion risks,

50i] stratigraphy and strength,
€) groundwater conditions and drainage,
1) vegetation cover and species,
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2) Facior of Safety calculations,

h) potential causes of instability,

1 alternative slope stabilization rnethod.s, and c;mparison of benefits
) discussion of erosion on or near the site; locations, extent, seventy rates, Suitable prolecuon allcmauves
k) discussion of potential impacts on surroundmg prop@erues. .
1) if required, discussion of cost-benefit analysis of stabilization measures including
© 'do nothing'

| @ partial stabilization

@ full swbilization
m)

long-term stable slope crest position and inclination, based on engineering analysis

Following is a suggested outline for Terms of Reference as seen in Fxgu_re 99 for a detailed gedwchnical investigation
and report on slope stability (Level 3) e . . '
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SLOPE STABIOTY STUDY
GEOTECHNICAL TERMS OF REFERENCE

TABLE OF CONTENTS

...........................................

.............

.............. A

a1 Section 1 Geslschwical investigation 111111
4.2 Section 2 Geotechnical Leboratory Testing
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1. PURPOSE

The purpose of the slope stablity study for {shte location): Is to review
end determine the long term steble stope Inclination and slopa crest position tor the section of slope
elong the (river flake /pit). The study will eiso evaluate various ehernative stablization measures which
shouid be considered by the proponent. The study wil coliect and reniew exdsting evallabls information

mmaem&mﬂmmﬁmmmhamm-ﬁwpmpowdehmgeshlmdmeandbngterm
conditions In the slope area. ™~

The study wil review, update, and expand the tactual information data basa es 1o the causes,
eflocts, MWWMGKMWWWMWMWWNDMMMy
eamhsweﬂastwwk\ngbtsanemamwuhons.ﬂwuww:mm aopﬁmumwluuon
and vl develop a final design for stebilization and protection of the sloped erees.

2 STUDY AREA LOCATION
The study area s located:

Tho slope area to be consldered has o length of abount

m and the condition and land use on
nazighbouring properties chould also ba considered (see Figure

tor location).
3. BACKCGROLUND
study area s comprised primarlly of {residential neighbourhood/findustrial land/park) and i
iocated slong . Based on-exising information, the slie erea has been subject
to pas! erosion or slope Insiebility,

& SCOPE OF WORK
The study should be caried oul as thiee goneral sections,

t. A geotechnical she investigation,
2. Engineering analysis and Preliminary deslgn,
Q.

Recommanded sinbifization works end finel design tecommendations.

a1 Geotechnical Sits inveatigation
This section of the study includes the foliowing:

& Roview existing eir phologrephy for the site as well &s any previous reporis or

mepping carrled oul in the she vickity.
}Figure 99 - Geotechnical Terms of Reference
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for reporting the gensrel slope conditions Including height, incination,
seepage, vegelafion, bere wreas, structisres, erosion teatutes, fifing, and eny
visitle sbetigraphy. Evaluate eny indicators of siope movemen! including

scarps, tited stuctures of bess or iregular topography, Evaluzte surface
drainage conditions,

Boreholes should. be diiled from near the slops crest to the full depih to the
bottom of the slops. Al least ona borehals shoukd be dritled for emall slies and
bmeho&mshou%dbemcedalabuﬂ&m&mh@s@amdmﬂsﬂe
conditions requira, Thabmeho!mahﬂdkﬁudewnpﬂng@d@pmh{uv&.o!
mtmemmmmm&\gmmmsmmmum )
TmuShﬂbyTubmHmpmpﬂdemﬁwm Oneomhhmof

mmmmwmmmmwmmwmdmmm
tevehnvmmcewnvﬂmﬂwwm Buﬂmmsdaywa#ahmﬂbe
pmwmungmmwwmmmmmmm
plazomeotat inatalistion. Pummmsmmmmwmmm
gmmmmmwmmmmwm
deﬁondﬂmmmmmmwmwmmm
survayed. memhwnmhmdmmmmm
mmmdmmmmmmmmmmmm
mﬂwshpelacaswlmmmsmm

The borehale sampies shall be tested kn & GEOTECHNICAL taboralory for
hmkhﬂeanpmﬂmmﬁlmwaﬂd%malwpmpmmmw
mmewmmmmmam gumuudmm
msmcumgmdm:mm WMWWM

Several reprasentative slope cross sections should be survayed 1o aocurately
determine the slope profila; Inclination and heighl. On A she plan of tha study
area, e repofl of the surveyed siope Inclinations end height shall be
WMWMGMNH\QMWWMWM
vegatamn cover, bare ereas, efosion of siopa tmlab!'ny faah.rres. mmdmas
slope Inclinations, seepege, dw}rmge and borghole tocations,

Plepue dolalled borehola bgs wmmaﬂ.zing the sob stmtbgtnphy field tes|

“data, hbmalmylesldata, p)azometef Instatintion, gloundw!mlevels sﬁe
. plana and profiles showing slopecms\posﬁon stopetueposlbonam! ground

waler bvels

Gootachnicnl ubmw ﬂm

P:ompliy after hansportabon of the borohole sampm Csars and shalhy tubes) 0 the
geolechnical laboratory, & Iesmg schedule thall be prepared. Waler contents shafl be maasurad Icr all
samplas. Representative samplas ghall ba tested for basic index propemes.

grein size distribution
Anerberg Uimits, i cohesive
unlt welght - -

 specific gravity

Ei_gure- 100 - Geotechnical Terms of Referencé
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Triaxie) Compression, Consolidated Undielned with Porewater Pressure
Measurements; for undisturbed cohesive soils, stfl or sohier consistency.

Sectlon 1 - Enginooring Anslysts end Prefiminary Doalan -

in this section an enginearing analysis shouid be carried out of the existing Factor of Safety os
well as the Factor of Salety for different ctages of the propused developmant of work including shon
term alablity and long term etabifty. An eccepled slopo slablifty analysis mothod ehall be used end
delaﬂsatmﬂdbeprwided of tha besis, mdassmnpﬁom “end background for the mathod.
Enginoering enalysis of slopa stabiity shall Include incorporation of ths knformation from mapping,
sunaying, bommla drmng kabotalnty testing, and previous avallable information, end ground water
n'lcnllnnng ﬂmmﬁwaspeda!kﬂmmhon%bewndmmode{wslmﬁﬂemmecmdmmm
which 1o canry out eelcw.aaa Factor of ! Satety and sansitivity nmlysla to the difierent fector.

mmmmwmwdammmmmmmsmwmm
mm asweummlnu\almgtmn wmmwantmoisamympwle
mmmmsdmmsmbmomewwmmmmmmmwmm

potmﬂailmemslonerohermemﬁmshdyatmu!dk@udecwudamﬁmmwbmlwe!sm
wmmmmmummopum _

&) Doncmhngmahwbrsensuwmmmmbyﬁmsiopam
.anvsrommdi‘wlm, '

b) _fmp@'hds%abﬂluhntnmdummnﬂnhnhnﬂmmmuﬂdaddlﬁmhhn
'alupemvemenl.

€) . .Or bs tull stehllization to ptmrve and protect axisﬁng conditions and minimtze

- . lozs of property.

vmmummmmmmmhmmmmwaWMm
mkmam Foemdmwﬁderahmpmpmamdpres«ﬂamughmlnkﬂchud;mmduhoﬂ
dmipwndmenmmdmdbeneﬁb Thslepmmbsprapuedmﬂ&mgada}lmwmmd
mmmmdmmwmmsmmmdmpmdmmmm mapping of
feld work conducted, mlmdmmadwmmemmmmmwmgrmmwnm
gromdwa!mle\mh iaboratory tests, rmumwmmmmmsmydpm
nvalhblahﬂonnabon.mnndslbrsbpasmbalwmmbsmdbaprmmmdmadhgrm&sww
& discussed end the tesults of the Faclor of Salaly calculation shall be presented in table torm and
discunsad aa well, Thedhcmlmshmhdudaﬂmewdsmmyhnnemdmmm

Thas&eomdﬂnmmdmalysistesuhsshaﬂbeshomonsﬂeplmmmdpwﬁm

The final 1apon wﬂl. elso Mude commants and recorrumhdnﬁom for construction procedure
including possible sol backs or erosion protection. The engineering mynls should also include
consideration for construction accessibliity, aaslhetsa en\dronmen!nl Irrmncts finure malntenance,
MNR Policy, safety. The final repon will also discuss the polenbe! 1aiiure mechanism or failire modes

as well as the exdent of susceptible erens. Hazard consideration to a:datmg bt&!dmgs dwalling ot
nwmmmdbemwmwmmmnumem for fisk ezsessment.

[Figure 100 Geotechnical Terms of Reference Continued

wemporery shorl term conditions, existing conditions, constmchon conditions, end long term conditions.
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98 Long Term Monitoring

For site conditions where safety may be critical and ground movements sensitive, long-term monitoring may be
appropriate 10 assist in warning of dangerous ground movements. Instrumentation can be installed to permit monitoring
of slope (ground) movements. This monitoring can be undertaken by measuring the horizontal position of surface
features on or near a slope, with respect to bench marks or datum points that are located well outside the possible areas

of movement. This can be accomplished by tape measurements or optical survey instruments such as electronic distance
measurements (EDM) and lasers.

As well, tilt meters can be used to detect tilt or rotation of fixed points. These tilt meters are usually uiilized in rock
slope environments.

Monitoring of ground movements can assist in accurately defining the actual mode of failure, thereby permitting the
mos! appropriate modelling for analysis and design of stabilization, Further, it is common that very small pround
movements precede larger movements (i.e., tension cracks, bulging, creep, etc.) and therefore monitoring may provide
a means of wamning of a larger ground movement. This waming may allow evacuation or stabilization prior to a
catastrophe. Slope inclinometers are commonly used for the monitoring of slope movements.

Slope inclinometers consist of the installation of a grooved casing in a borehole, to permit the insertion of an electronic

probe that can measure small changes in inclination of the casing. They are regularly used to monitor the performance
of slopes, retaining walis, sheet piling and shoring (see Figure 101).

Should ground movements occur, they would cause tilting or deformation of the casing, that can be measured by the
sensor probe. Successive measurements over time permits the detection of even small ground movements around the
casing. The casing is available in aluminium or plastic and is grouted into the borehole at the completion of drilling.

INDICATOR =
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[Figure 101 - Slope Inclinometer
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8. SUGGESTED LEVEL OF GEOTECHNICAL INVESTIGATION

REQUIRED TO ASSESS SLOPE STABILITY

The following section describes the reasoning and basis for a sugpested method of site evaluation to assist regulating
agencies within MNR in determining the level of geotechnical investigation required to assess slope stability, 1n all
cases, the responsibility for providing the geotechnical investi

Bation is that of the proponent who might be a land
developer, a pit operator, or & government agency. Part of the p

roposed development may be Jocaled close to a slope
crest and there may be concerns about risks of ground loss in the event of stope slide. :

The level of geotechnical investigation required to determine the stability of 2 slope involves an understanding of:

the physical and hydrological site conditions

the type of development or land-use proposed, which majr be put at risk.

8.1 Physical end Hydfoldgical Site Conditions
Slope stebility analysis and the calculation of Factors of Safety, requires certain basic information that can be determined
in several manners or can be estimated with reasonable accuracy; g

2)  the slope configuration; height and inclination or sha
determined from topographic mapping,

pe. These can be estimated visually, or
(profiles). . ..

of measured by on-site survey of slope cross-sections
b) the subsurface conditions within the slope.,
strengths (density and shear strength), groundwater levels. These can be determined in a
‘general manner by visual inspection of exposed so0il on the slope, or on the basis of geologic
mapping. More specific information can be obtained by drilling boreholes (unlimited depth),
or digping test pits (max. depth 3 10 5 m), or hand auger holes (max. 1 102 m depth).

any gxternal loadings to the slope; structures, traffic, earthquakes,

soil stratigraphy (types and layering), soil

€)

d) site drainage and erosion conditions: surface run-off, ditches, channels, seepage, creeks,
rivers, lakes, . - ... ST :

e) vepelation cover. .

3.4 Terraprobe
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The decision to use simple investigation (based on site inspection only) versus a detailed investigation (including
boreholes, surveys or mapping) depends mostly on . :

. . the slope height _
. - the consequence of slope failure on the adjacent land-use.

8.2 Suggested Procedure To Determine

The Level of Investigation Required _ o
To assist in determining the suggested Jevel of investigation required, a "Slope Stability Rating Chant" is provided. This
Rating Chart can used by either those reviewing proposals or by a proponent, however a site visit is required to complete
the Chart. The Rating Chart must be completed for all slope assessments and be retained by the reviewer. The Rating
Chart has 7 components that together provide a reasonable assessment

of the slope stability. Some calibration may be
required of the values in the chait, on the basis of extensive experience with its use. The 7 components are:

1 Slope Inclination

The angle from the horizontal of the slope face, measured from the toe to the crest. If the

slope is comprised of several differem inclinations, provide details on each. Estimate
visually, or use hand inclinometer to measure approximate inclination, or survey (also refer
to available mapping). SRR o - o

2, Soil Slmligréphy' s
Soil layering and soil types composing the slope. Confirm if visible in bare exposed areas,
Refer to previous nearby boreholes or well established local geology. If several soil layers
are present, provide details on each. _ _

3, ‘Seepage from Slope Face .

The guantity and locatibn of groundwater on the slope face. Visually inspect slope for
surface seepage (springs, streams, creeks). _

- Measurement of the ventical hei
... Estimate visually,

4, Slope Height ' o e
B : . ght between the toe (bottom) and the crest (top) of the slope.
or measure by surveying, or refer to available mapping_.
5. Vegetation Cover on Slopé Face
Indication of the type and extent of vegelation cover (trees, grass).

6. Table Land Drainage and Gullies

Indication of surface ihﬁllralion and run-off over the slope face, which may cause a polential
for surface erosion. Describe whether table land drains towards slope and whether
drainage/erosion features are present. -

7. Previous Landslide History

Indicates past instability. Visually inspect slope for evidence or indicators of past instability
{scarps, tension cracks, slumped ground, bent or bowed or dead trees, leaning structures such
as walls etc.).

Toe Evosion

Recognizes the presence of and potential for continued slope instability. Toe erosion must
be eliminated or solved prior to solving slope instability.

Terraprobe
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The Rating Chart provides a general indication of the stability of a slope. Based on this char, the level of investigation
required, can be assessed. The chart

is a goideline or tool only. In all cases, the consequences of slope failure must be
carefully considered and may be an over-riding factor. The chart is

_ _ not intended as a replacement 1o the judgement of
experienced and qualified geotechnical engineers. '

The Rating Chart identifies 3 levels of stability and associated invéstigatiqn requirements. The three levels are:

1 Stable / Site Inspection Only o
A rating of 24 or less, suggests stable slope conditions,

* 1o toe erosion,
* good vepetation cover
* no evidence of past instability

* no structures within ¥ (slope height) of the crest
and that no further investigation (beyond visual inspection) is needed. This should be simply confirmed through a visual
site inspection and estimate of the slope configuration and slope stratigraphy and drainage (i.¢. no measurements).
Confirmation of the slope stability should be provided in the form of a letter (signed and sealed with A P.E.O. stamp)
from an experienced and qualified geotechnical engineer, The letter should include a summary of the site inspection

observations which could be recorded on a Slope Inspection Form (see enclosed) and should clearly identify;

. slope height and inclination,
vegetation cover on slope face,
 10e erosion, or surface eros_ioﬁ on slope,

structures near slope crest or on slope,

drainage features near slope crest, on slope face, or near slbpe toe.

& Terraprobe
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2. Slight Potential / Site Inspection, Preliminary Study

A rating between 25-35 suggests the presence of several surface features that could create an unstable slope situation.

The stability of the slope should be confirmed through a visval site inspection only, without boreholes. In addition to
recording the visual observations outlined in the section above, some direct measurements of site features are required.

The slope height and inclination should be determined either with a hand inclinometer, or by 'breaking slope', or from
mapping, or by surveying. As well, more information about the soil stratigraphy of the slope, should be obtained
(without drilling boreholes) based on either previous or nearby subsurface investigations, or geologic mapping, or hand
augering or test pits to determine shallow depth soil type(s). Measurements should be taken (by hand tape or surveying)
of the locations of structures relative to the crest, and other features such as vegetation, past slide features {tension
cracks, scarps, slumps, bulges, ridges), and erosion features. If available, historical air photographs should be examined
for evidence of any past instability over the long-term. Confirmation of the slope stability should be provided in the form
of a detailed report (signed and sealed with A.P.E.O. stamp) from an experienced and qualified geotechnical engineer.

This report will include:

Slope Inspection Record (Appendix)

a Site Plan and a Slope Profile indicating the positions of the various measurements taken on site
(slope crest, slope toe, location of structures relative to crest, draina

[ ! stru tive 10 ge features, erosion features,
vegetation cover, indicators of past instability or movements) T

photographs of the site and slope conditions

a discussijon of the site inspection and measurements taken, review of previous information

preliminary engineering analysis of s]dpe suibilily (i.e.I .ca.lculation of Factor of Safety) based on the

above information and measurements, but wiilizing conservative soil strength parameters and
groundwater conditions since boreholes were not carried out.

3 Moderate Potential / Borehole Investigation

A rating of more than 35 suggests a moderate potential for instability. This may result if the slope is either steep, high
and/or has several features that could create an unstable slope situation. The stability of the slope should be assessed
more precisely through topographic survey of slope configuration and boreholes for slope stratigraphy and penetration
resistance tests. Piezomneters must be installed in the boreholes and measurements must be taken for groundwater levels.
Laboratory testing on the borehole samples must be conducted 1o measure Basic Index Properties (water contents, unit
weights, grain size distribution, Atterberg Limits) described in Appendix D, or other properties as required.

A detailed engineering stability analysis must be conducted to determine if the Factor of Safety for the original slope
conditions equals or exceeds a design minimum Factor of Safety. The analysis should be based on the information
obtained from the site survey and the borehole information. Historical data such as air photographs should also be
reviewed. Confirmation of the slope stability or instability (and the stable slope inclination) should be provided in the

form of a detailed report (signed and sealed with A.P.E.Q. stamp) from an experienced and qualified geotechnical
engineer. This repont will include:

Slope Inspection Record (Appendix)

5 Terraprobe
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a Site Plan and a Slope Profile indicating the positions of the various measurements taken on site
(slope crest, slope toe, location of structures relative to crest, drainage features, erosion features,
vegetation cover, indicators of past instability or movements) '

photographs of the site and slope conditions

a discussion of the site inspection and measurements 1aken, review of previous information

Borehole logs and piezomelter monitoring data

Laboratory test results (water contents, unit weights, prain size distribution, Anerberg Limits)

the results of the detailed engineering Stability Analysis (Factors of Safety, failure sorfaces, assumed
slope data), stabilization alternatives, long-term stable slope inclination. '

Where the local geology is well known (exposed strati

graphy or nearby bor_eh_éles),_the requirement for numbers or
depths of boreholes should be reviewed and possibly : .

reduced.

Following is the Slope Stability Rating Chart (see Table 8.1).

.4 Terraprobe
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TABLE 8.1 - SLOPE STABILITY RATING CHART
Site Location: File No.
Praperty Owner: Inspection Date:
Inspected By: ) ) Weather:
[ 1. SLOPE INCLINATION Rating Value
degrees horiz, :vert.. . . IR
a) 18 orless 3:1 orflaner 0
b) 18-26 2:] tomorethan 3 : ] 6
c) more than 26 sieeper than 2 : 1 16
2. SOIL STRATIGRAPHY :
a) Shale, Limestone, Granite (Bedrock) 0
b} Sand, Gravel _ 6
€) Glacial Till : S : S 9
d) Clay, Silt . 12
€) Fill ' 16
f) Leda Clay 24
3 SEEPAGE FROM SLOPE FACE
a) None or Near bottom only 0
b) Near mid-slope only 6
c) Near erest only o1, From severa) levels 12
4, SL.OPE HEIGHT
a) 2m orless 0
b) 211e5m 2
<) 50w010m 4
d) more than 10 m 8
s, VEGETATION COVER ON SLOPE FACE
a) Weil vegetated; heavy shrubs or forested with mature trees 0
b) Light vegetation; Mostly grass, weeds, occasional trees, shrubs 4
c) No vegetation, bare 8
6. TABLE LAND DRAINAGE
a} Table land fla1, no apparent drainage over slope 0
b) Minor drainage over slope, no active erosion 2
c) Drainage over slope, active erosion, pullies 4
7. PROXIMITY OF WATERCOURSE TO SLOPE TOE
a) 15 metres or more from slope toe 0
b} Less than 15 metres from slope oe 6
8. PREVIOUS LANDSLIDE ACTIVITY
a) No 0
b) Yes 6
SLOPE INSTABILITY RATING VALUES INVESTIGATION TOTAL
RATING TOTAL REQUIREMENTS
1. Low potential <24 Site inspection only, confirmation, repon letter.
2. Slight potential 25-35 Site inspection and surveying, preliminary study, detailed report.
3. Moderate powential » 35 Boreholes, piezometers, Yab tests, surveying, detailed report.
. NOTES: a) Choose only one from each category; compare 1otal rating value with above requirements,
b) If there is a water body (stream, creek, river, pond, bay, lake) a1 the slope toe; the potential for toe erosion and
undercutting should be evaluated in detail and, protection provided if required.

.4 Terraprobe
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8.3 Levels of Investigation :

If a site slope is higher than 2 m and steeper than 3 10 1 (horiz. to vert.), an assessment of slope stability is warranted.
Three basic levels of investigation have been identified, to

be used in evaluating slope stability of sites. The Slope
Rating Chan above is an aid to determine the appropriate level of investipation for a site, based on the physical features

of the site slopes which are important to slope stability (height, inclination, groundwater, etc.).

The results of carrying out a Level 1 or Level 2 investigation may be that a Level 3 investigation is required. In genera
terms, the levels of investigation have been chosen on a basic premise that low height or gentle slopes can be analyzed
sufficiently by general or observational methods, and that a

s slopes become higher and steeper more rigorous and
intensive methods are required. The amount of field investigation increases with each level as follows,

Levell -

site visit and inspection by engineer
~Level 2 - site visit and inspection, mapping and site survey/measurements of physical features
Level 3 -

site visit/inspection, mapping/surveying, borehole drilling.

For purposes of comparison only, the approximate engineering fees (1998 $Cdn.) for cvaluaﬁng a single house lot on
a slope site is estimated as follows; ' - '

Level 1 $ 500 - 1000

Level 2_ $ 1,000 - 2,000
“Level 3 $ 2,500 - 10,000 and up.

Some complex site conditions may result in higher costs for investigation than indicated above.

The following flow chart (see Figure 79) shows the_typiéal 'sl'eps that are taken in _Sé_l_ecting an appropriate level of
investigation for slope stability, o ' : .

r.4 Terraprobe
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STEPS [N
PRELIMINARY EVALUATION OF SLOPES

DEVELOPMENT
APPLICATION

SLOPE INSPECTION
RECORD

TOE

EVALUATE ERDSION
EROSION

¥l AND PROTECTION
ALTERNATIVES

| SLOPE GENERALLY

STABLE UNLESS EVIDENCE |
OF MOVEMENT

NO STABILITY
. PROBLEM - |

GEQTECHMICAL
EVALUATION ;
REQUIRED

*VISUAL INSPECTION:

—~Slope height and Inclination
-mepsuements of siruclwres relalive 10
ciest and olher nalura! tealires
+*REVIEW OF AVAILABLE DATA

-Soil 1eporis, geclogic maps, hislorical ai
pnolos

*SITE MEASUREMENTS (Surveying)

SLOPE
RATING CHART
TO DEEERHINE

(DETERMI -Slope heighl, inclination, vegetation
110w - R : ~measurements. ol sliuciures relative 1o
l FOTENTIAL INVESTIGATION apoigzﬁ?:: E crest and olher nalural leahuwres

—exposed shatigraphy of seepage
*BOREHOLE INVESTIGATION

-soil sampkng and lesting
~-piezomelers installed and groundwaier
2. SLICHT levels monkored )
POTENTIAL +LABORATCRY TESTING

~borehole samples

*VISUAL INSPECTION:

—No Toe Erosion

- Good Vegelation cover

—No evidence of past nstabilily
—HNo slructures within1/2 (slope
height) of the cres!

~idenlilication and classilication
+SLOPE INSPECTION LETTER *VISUAL INSPECTION -streagth and behavior
with seal by REng. *REVIEW OF AVAILABLE DATA «DETAILED ANALYSIS. OF FAGTOR OF
=Soil reporls, geologic maps,hisiorical air SAFETY
pholos. : *DETAILED REPORT by REng.
*SITE MEASUREMENTS (Surveying) ~plans and proliles, ol slope preas
~Slope heighl, Inciinaljon, vegetation -borehole logs, test esulls
—measuements of struciures relative to crest -siabilly analysis results
and other nalura| features -allenalive stabilization measures
—-exposed shaligraphy or seepage
*PRELIMINARY ANALYSIS OF FACTOR OF
SAFETY

+REPORT LETTER by PEng.
Figure 78 - Preliminary Evaluation Steps
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