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Plate 8 : Landslide L6 on a cut slope which measured about 16 metres high.
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claimed 4 lives




Understand Engineering
Aspects of Hill-Site
Development
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m Box Will Not Slide when F>T
I
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“T” less than “F”
l.e. Slope will Not Fall
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m Sliding Occurs when T>F



T~ greater than “F”
l.e. Slope will Fall

)




m Water Pressure Reduces N = Reduces F







Water REDUCES “F”
l.e. Slope May Slide




m  Suction Increases N = Increases F
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IMPORTANT
Slope Stabllity Factors
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| Properties

So

Gentle Beach

Steep Rockface



IMPORTANT
Slope Stablllty Factors

Sloge Geometry



Slope Geometry

Steep Slope Gentle Slope

m Steep Slopes Has Higher Risk of Failing



IMPORTANT
Slope Stablllty Factors

-Slope Geometry

e Groundwater



3 Jty

Sw

Groundwater Effect

Low Groundwater
Table

High Groundwater
Table

m High Groundwater Increases Risk of Failure




IMPORTANT
Slope Stablllty Factors
- =Soil Properties
-Slope Geometry

eGroundwater table profile

Slope Maintenance
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Planning of Sl




To provide guidance notes to
design engineers on practical
aspect of :

Subsurface Investigation (S.1.) and

o Specifying of Laboratory Tests

For Geotechnical Design of Hill-Site
Development or Cut Slopes:



Planning of

Subsurface Investigation

1. Introduction

2. Desk Study
3. Site Reconnaissance
4. Extent of S.I.

5. Selection of Types of Field Tests &
Sampling Methods. + Determining of
Groundwater
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Plannin of Subsurface Invest|at|on

Usually Two(2) Stages S.I. :
(1) Preliminary S.I.

To obtain general subsoil profile.

Preliminary planning of layout or formation level.
Preliminary soil parameters & water levels
Preliminary design & (cost + time) estimates.

(2) Detailed S.I.

Plan for critical areas of concern (e.g. major fill or
cut, valley which has soft materials)

Refine soil parameters for detailed design.
Locations with structures (e.g. walls, foundations)
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» Geological Maps & Memoirs
* Topographic Map
 Aerial Photographs
 Site Histories
 Details of Adjacent Development

* Requirements of the Proposed
Structures or Foundations



Aerial Photographs

Development History of Site...
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SITE LOCATION




SITE RECONNAISSANCE

Confirm & obtain additional
information of site

Examine adjacent and nearby
development

Compare surface features and
topography with data obtained from
desk study (e.g. Vegetation)

Locate & study the outcrops, previous
slips



Depends on :
- Available Information

- Geological Formation & Features
- Variability of Subsoil & Groundwater

- Proposed Structures & Foundations
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To Place
boreholes
across the
slopes cross -
sections.

To get subsoil
profile for
analysis and
design



Ij'%pth of Field Testsfor Slopes De’si-q'n

Probable Deep Circle Failures

Y
DEPTH OF INVESTIGATION
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Typical Cross-Section
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Sample of Slope
Stability Analysis
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Selection of Types of Field
Tests & Sampling Methods.

+ Determining of Groundwater



Selection of Types of Field Tests

& Sampling Methods

Commonly used Field Testing for
Hill-Site development :

* Boreholes
-  Standard Penetration Test (SPT)

- Collection of disturbed & undisturbed soil samples.

- Collect rock Samples
- Used in long term as Standpipe (Groundwater Monitoring)

(A) Light Dynamic Penetrometer
(JKR or Mackintosh Probes) - determine soft layer or shallow
rock



Boreholes

TR S R —

Descrlbed IN BH593O 1981

Borehole includes : boring, sampling, in-situ
testing and indicative water table observation.

Depth usually < 100m
Drill through all soils & core through rocks

Type of Drilling :
Rotary drilling by circulating fluid
(water or bentonite or air foam) is most

common.

Wash boring percussive action (chisel) — Lots of
disturbances



4L -leg derrick

Manila rope

Controls
Transmission

Bolt and clevis
Double sheave

T

Wireline

Water swivel
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Swivel drill head
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Standard Pentration Tet

Standard Penetration Tests (SPT) 2>
BS 1377

Obtained SPT’N’ values (blowcounts per
300mm)

Usually carried out at 1.5m depth
interval.

At greater depth can use larger interval.

Obtained disturbed soil samples from
split spoon sampler.
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Types of Soil Samples :

.- from soil washed out from the
borehole for soil strata description.

.- from split spoon
samplers after SPT.

(a) Piston Sampler (very soft clay)
(b) Thin Wall Sampler (soft soils)
(c) Mazier Sampler (commonly used for Sl in Hill-Site

as can collect UD soil samples in residual soils or stiff soils)

Note : Require STABLE PLATFORM



Sediment tube

-\
Humn

Drill rod coupling

Flush duct

Swivel

Retractor spring

Maobile inner
tube heod

Outer tube ——————

inner tube

Spring core-
catcher

Drill bit

fa) Coring Soft Material
{Inner tube extended)

Drill bit

I
vent -
- S Flush water

{b) Coring Harder Material
{Inner tube retracted)

Liner, core 74mm
diameter by 1m long

Inner barrel cutting shoe. 72mm internal
diometer (max. protrusion SOmm)

I el
e o g

-Contain detachable liners within the inner barrel.

-ldeal for triaxial test as the diameter of core is
74mm.

-To sample undisturbed soil samples from Stiffer
soil stratum.



Determination of Groundwater

e S
Groundwater affect Effective Stress of the Sonl

(a) Borehole (temporary & indicative)
- Daily observation of water level in the borehole.

(indicative only).
- Prevent surface water flowing into the borehole.

(b) Standpipe or Piezometer

(long term & representative)

- Porous elements must be fully saturated & filled
with deaired water or glycerine fluid.

- For quick response
-> use Vibrating wire piezometer
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(c) Casagrande - type
Open-hydraulic Piezometer
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PVC pipe, 19mm |.D.
lower part perforated

+—— Low air entry porous

plastic filter or similar,
300mm x 35 mm 0.D.
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Bright Color

(Red + White) to prevent vehicle knocking into
it.

Borehole Number Clearly Marked on Concrete



Interpretation of Laboratory Tests
TWO Major Categories :

(1) Strength Parameters :
- Stability Analyses of Slopes & Embankment.

- Bearing Capacity Analyses for Foundation.

(2) Stifiness & Deformation Parameters :

Prediction & evaluation of :-
Settlement, Heave, Lateral deformation,
Volume Change.




Strengqth Parameters
TWO Conditions :

(A) Total Stress:

- For Short Term Conditions in Cohesive Sails.

- Little of no drainage.

(B) Effective Stress :
(Commonly used for Cut Slopes Analysis)

- For Long Term & Permanent Conditions.

- Fully “Drained” Conditions.




Effective Stress Strength

Parameters C' & ¢’ > Interpretation from

(i) Isotropic Consolidated Undrained Triaxial Test,

CiU + AU

(i) Isotropic Consolidated Drained Triaxial Test,

CiD

(ili) Laboratory Shear Box Test (at very.
slow rate)
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Stress Path Interpretation
Two types of Plot

(i) MIT stressPathPlot (T.W.Lambe of MIT, 1967)
The vertical axis :

t=(0,-0;)2 =(c’,-0",)/2
The horizontal axis :
s =(0,+0,)/2 & §’=(c’,+0%,)2

(1) Cambridge stressPathPlot

(Roscoe, Schofield and Wroth (1958) at the Cambridge, England)
The vertical axis :

q=06;,-0; =01 -03
The horizontal axis :
p=(0,t0,+0;)/3 & p’ f (c’yt0’,+07,)/3




MIT & Cambridge Stress Path Plot

MIT Stress Fiak
i




MIT & Cambridge Stress Path Plot

t'A 4 Tan6=t"/s
j/‘\ﬂ Tan 6 = Sin ¢’
e K =c¢ Cos¢’
" ; K
> s' L = Cos¢’
MIT Stress Path Plot
oA Tann =q/p’
L Sin¢g” =(31n)/(6+n)
I k r =c¢’ (6Cosd’)/(3—Sind’)
re T r (3 —Sin ¢°)
> p ~ 6Cos¢’

Cambridge Stress Path Plot
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RKepresentative
Mohr-Coulomb Stress Range

indicate higher
strength than actual

T;ShEM Strength 1,::\ <~

C')--g
-
f#
.o
A Oy
I Stress path from Point & (consolidation pressure) to
10% to 30% Point B (Peak Strength) to Point C (Crtical State).
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Correlations for

Preliminary Assessment of ¢’




Friction Angle, @' [oegrees)

@’ Values VS PlastICItV Index (after Terzaghi)
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@’ Values vs Clay Content (Skempton, 1964)
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When the lecture reach here -
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Ir. Tan Yean Chin
G&P Geotechnics Sdn Bhd




