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1. Geotechnical Laboratories
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-JH Yin

* Rock Mechanics Laboratory
- Robina Wong and KT Chau

» Geology Laboratory
- Robina Wong, KT Chau, HY Lin




2. Rock and Geology Labs

* Rock Mechanics Laboratory
(a) Large Size Rock Direct Shear Box
(b) Acoustic Emission Apparatus
(c) More ...

» Geology Laboratory

Geology info/models and samples
Best collection of Hong Kong rocks
Small-scale physical models

3. Soil Mechanics Laboratory

(a) GDS 2Hz Dynamic Triaxial Apparatus: stress-path control
and bender elements (added by PolyU) for shear wave velocity
measurement

(b) A large-size direct shear box with PolyU modification:
304mm wide x 304mm (or 450mm) long x 204mm high
(c) A new double cell triaxial system: continuous measurement
of total volume changes of unsaturated soils in triaxial testing
(d) A Hollow Cylinder Apparatus: control of 4 independent

parameters, simulation of pure shearing, the principal stress
rotation, ...

(e) A Truly Triaxial System with PolyU’s new sliding loading
plates: control of 3 principal stresses, study of middle principal
influence ...

(f) An innovative soil nail pullout box: for studying the interface

shear strength between nail and soils under various controlled
conditions
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GDS 2 s — stress-path control
and bender elements for shear wave velocity measurement
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(b) Failure of specimen C400 after K -consolidated compression
testing and (c) failure of specimen E400 after K -consolidated
extension testing
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Effective stress paths for test E400 — K -consolidation, step-changed
axial extension and unloading/reloading




4. Large-size Direct Shear Box
Tests on Interfaces and
Findings

(a) Between metallic strips and fill
(b) Between geo-synthetics and fill

(c) Between pre-cast cement grout and soil
(d) Between cement grout and soil

I Large-size direct shear box : 304mm wide x 304mm (or

450mm) long x 204mm high - (a) increase horizontal load capacity
" using a hydraulic jack, (b) increase vertical pressure to 700 kPa

Vertical pressure is applied by water pressure
in the top cap with rubber membrane
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Comparison and Why:

(a) Between ribbed metallic strips and fill -
smaller friction angle due to sliding on
the metallic strips

(b) Between geo-textile and fill — higher
frictional angle — interlocking of particles
which penetrate through the geo-textile

(c) Test results give you the fact !




(c) Between cement grout and soil -
grouted/cast-in-place pile/nail and soil interface

Pressure Gauge

Volume Change Valve Flexible Diaphragm

(de-aired water inside)

Upper Shear Box

Reaction Plane
Lower Shear Box

Shear direction «

Shear Plane
Cement Grout material

LDT




(c) Between cement grout and soil -
grouted/cast-in-place pile/nail and soil interface
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Comparison of shear strength parameters between the soil-soil direct
shear tests and the soil-grout interface shear tests of different waviness
angles in the submerged condition — peak shear strength and




5. A New Double Cell Triaxial

System

(a) Continuous measurement of total volume
changes of unsaturated soils in triaxial

testing — PolyU’s

contribution

(b) Calibrations: How ? Results?
(c) Applications to test CDG soils
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any piston friction influence




Soil
Specimen

(a) Left photo - a close-up view of the inner cell (left) and
(b) right photo - a close-up view of the outer cell (right)
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Inner/outer cell volume change (cm3)

Effective inner/outer cell presure increase (kPa)
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Volume changes of a copper specimen under isotropic compression

measured by the changes of (a) water volume of the inner cell and (b)
the water volume of the outer cell with back pressure equal to 100kPa
and the specimen drainage valve closed (Yin 2002a,b)
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Volume changes of a saturated marine clay during consolidation measured
by the changes of (a) the water coming out of (or into) the clay specimen
and (b) water volume of the inner cell (Yin 2002a,b)




Double Cell
Triaxial
compression
testson a
CDG soil with
initial degree
of saturation
of 35%

6. A Hollow Cylinder Apparatus
(HCA) for Soil Testing

For measuring the behaviour of a hollow soil
specimen (100mm height by 100mm external
diameter by 50mm inner diameter) under
conditions of

(a) pure shearing

(b) plane strain

(c) rotation of the principal stress

(d) influence of the middle principal stress

(e) ...




Development of failure criteria and constitutive models

!Extensmn to/study Mohe Coudomb s G
in a general stress
space: advanced
lab facilities are
needed

Circle

Useful to engineers:

Mohr-Coulomb
failure criterion gives
more conservative
strength — on the safe
side !

Failure surfaces in n—plane

Hollow Cylinder Apparatus (HCA): control of 4 independent parameters
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7. A Truly Triaxial System
(TTS) for Soil Testing

For measuring the behaviour of a “brick” soil
specimen (70mm by 70mm by 140mm) under
conditions of

(a) plane strain,
(b) influence of the middle principal stress

() ...

Development of new sliding loading plates and
setup




Truly Triaxial System (TTS): control of 3 independent parameters

Problems:

Interference at the corners
(a) non-uniform stresses
(b) small compression

(or oil) to apply confining pressure

A special chamber filled with de-aired water l \Z Piston to apply vertical force with LVDT

N

outside to measure vertical displacement

Sliding design

Flexible tubing
for water
drainage/back
water pressure

\
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Load cell inside — one vertical
and two horizontal

New sliding
loading
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outside to Setup

horizontal
displacement
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. = at the corners
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The best in
the World?

No Interferencg z_it the
corners using sliding plates

Yin’s Sliding
Plates Inside

L.




Yin’s Sliding
Plates Inside

Chamber |
filled with




TR R R B
5315 (20Hz) %%




AR~







8. An Innovative Soil Nail
Pullout Box with Instrumentation

* For studying the interface shear
strength of soil nail and soil under
various controlled conditions

 Saturated or unsaturated soils, stress

release, grouting pressure, etc.
(simulating real construction process)

New soil nail pullout box testing —
simulating a segment of a soil nail in a

S|Ope Useful to engineers:
Know the influences of a few key factors and

Non-uniform make better designs and safer slopes !

FELEH?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

/:L/Slip surface

EEEEN?

—Uniform soil, —
pressure, nail,
etc.

Soil nails




Soil nail pullout test studies on:

(a) Overburden pressure? F8&+ & 72

(b) Water saturation/suction/water table rising?

(c) Cement slurry grouting pressure?

(d) Drill hole roughness/dilation?

(e) Different soil types?

(f) Different nail materials (fibre/carbon-glass)?

(g) Block soil samples vs compacted samples?

(h) Comparison of lab pullout test results with
field pullout test results?

Studies in (a), (b) and (c) have been done.

Rubber Bag ~ Strengthening Beam  Pressure Gauge
Wooden Plate

Pullout Load Reaction Frame
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Add. Chamber Reaction

(i) Six earth pressure cells for measuring total earth pressures

(if) Four strain gauges on the re-bar for measuring nail axial strains

(iii) Pressure gauges and volume change meter in the top cover cap for
water pressure control and vertical soil movement

(iv) Two LVDTs and one load cell for measuring pullout displacement
and load.
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Earth Pressure Cells
: . _Tensiometer

0.8

(v) Four miniature tensiometers for measuring suctions and small
pressure transducers for measuring positive pore water pressures

Add. Chamber

An additional chamber is attached to the end of the soil nail.
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Stress is released (to zero). ——
What is the normal stress on nail?




Example data from a pressure grouted
soil nail pullout test :

Vertical Pressure (VP) = 200 kPa
Degree of saturation S, = 50%
Cement grouting pressure = 130 kPa




Step 1: Establishment of field overburden pressure

Relationship between eath pressure and time during applying the vertical pressure
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Step 2: Drilling and nail installation with cement
slurry pressure grouting

(a Relationship between eath pressure and time during drilling and grouting
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Step 3: Soil nail pull-out with full monitoring

(i) Average pullout shear stress (or load) vs horizontal displacement

Relationship between pullout shear resistance and displacement
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Step 3: Soil nail pull-out with full monitoring

(it) Average earth pressure on the nail surface vs horizontal
displacement
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Step 3: Soil nail pull-out with full monitoring

(iii) Strains on re-bar vs horizontal displacement
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