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Engineering Geology — Attaining the Aims

* All engineering works are built on the ground or in the ground
» The ground will always react to the engineering wor ks

 The reaction of the ground must be accommodated by the engineering
work

Where would you Q build your house?

CLAY
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‘ Engineering Geology — Attaining the Aims
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Englneerlng Geology — Attalnlng the Aims
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Engineering Geology — Attaining the Aims

Engineering geologists think in ,mass” way:

The ground mass is the volume of ground which will be affected by
engineering work

Ground mass effected is different for different storie S:
-buildings based on spread foundation

-bulding based on piled foundation

-tunnels

-mining

-earth dams

-roads (cuttings and embankments)
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Engineering Geology — Using codes

BS 5930 Code of practice for Site Investigation
EC7 Eurocode 7
BS EN ISO 14688-1 Geotechnical investigation and te  sting

AAU 2013 jan.valenta@fsv.cvut.cz



Engineering Geology and Geotechnics

Jan Valenta

Czech Technical University in Prague

@ CZECH REPUBLIC
- DEVELOPMENT COOPERATION

AAU 2013 jan.valenta@fsv.cvut.cz



Desk study
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Engineering Geology — Stages of SI

Ususally 3 stages:

1. Desk Study (Preliminary Investigation Stage)
2. Main Investigation Stage

3. Costruction and Post-Construction Investigation Stage

The aim of all stages is:
1. To get relevant geotechnical data to the designe r for the design

2. To prepare the designer and investor to problems (it means more
money and more time needed)
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Desk study (Preliminary Investigation Stage)

The basic information about the locality are known

Even that most of the investors do not use it ! I
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Desk study (Preliminary Investigation Stage)

Source of information:

1. maps in different scale (topographic maps, geological and
hydrogeological maps,)

published articles from the area
aerial photographs

Any site investigation reports for adjacent engineerin g projects

a ~ W N

records of natural hazards (earthquakes, hurricanes, floods)
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Desk study — maps — example Czech Republic

Set of maps in scale 1:50 000

e.g. geological map
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Desk study — maps — example CR

Set of maps in scale 1:50 000
e.g. hydrogeological map
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Desk study — maps — example CR

Set of maps in scale 1:50 000
e.g. hydrogeological map
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Maps in scale 1:50 000 in CR

one map sheet includes:
- geological map
- hydrogeological map

- map of geophysical fields and their interpretation (They include
gravimetric, aeromagnetic, aero radiometric and gam ma spectrometric maps. )

- Mineral resource maps (maps show the locations of deposits of raw materia Is,
and the resources they contain together with areas of inferred resources. They provide
information about the exploitation of known resourc es of raw materials, as well as the
potential for extraction in the future )

- Engineering-geological maps  (They are designed for use in regional and local
planning, for example in the location of areas suit  able for housing and recreational
facilities, and the selection of sites for waste di sposal )

AAU 2013 jan.valenta@fsv.cvut.cz



Maps in scale 1:50 000 in CR

one map sheet includes:

-Maps of the geochemical reactivity of rocks (These maps provide
fundamental information about the distribution of e lements and chemical components in
the rock substrate. )

- Soll Map (These maps provide information about soil cap of t he area. There is used
the taxonomic soil classification system (type, sub -type,hydromorphic development, soll
variety and form) as well as the soil-forming subst rate.)

- Soil-interpretation maps  (These maps show the potential of agricultural and
forest soils. They contain information about the ec ological and economic factors that
govern the effective utilization of the soil resour ces)

- Maps of surface water geochemistry  (These maps provide information about
the degree of acidification of surface waters, the pollution of streams by heavy metals,
contamination by atmospheric dust etc)

- Engineering-geological maps  (They are designed for use in regional and local
planning, for example in the location of areas suit  able for housing and recreational
facilities, and the selection of sites for waste di sposal )
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Maps in scale 1:50 000 in CR

one map sheet includes:

-Maps of environmental geofactors : conflicts of inte rest (These maps
provide an immediate overview of the areas in which conflicts of interest could exist and
the factors responsible. )

- Maps of environmental geofactors: significant land scape features
(Maps of significant landscape features combine sele cted ecological information included
in other maps of this series with specific data abo ut the influence of human activity, as
well as details of the assessment of vegetation con dition )
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Maps in scale 1:25 000 in CR

-Geological map

- Mineral resource maps
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Engineering geology - maps
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Engineering geology — maps 1:5000

Geological map

PODROBNA INZENYRSKO-GEQLOGICKA MAPA o ptbeic 4 crgan ey 1y

eEVETINET

A-mapa geclogickych poméra Maitha 15000 Praha.7- ey s it
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Engineering geology — maps 1:5000

Hydroaeoloaical map

PODROBNA INZENYRSKO - GEOLOGICKA MAPA e i s g enln
C-mapa hydrogealogickych pomérd Merikn 15000 Fraha 7-1 [ —— e ——
v
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Engineering geology maps 1: 5000

Cover thickness

PODROANA INZENYRSKO-GEOLOGICKA MAPA

B-mapa mocnosti pakryvnych atvarQ
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Engineering geology — maps 1:5000

Documentation map )
PODROBNA INZENYRSKO-GEOLOGICKA MAPA

D-mapa dokumentacnich bodd ek 16000 Praha 7-1

AAU 2013 jan.valenta@fsv.cvut.cz



Engineering geolgy - geofond

www.geofond.cz

www.geology.cz
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‘ Engineering geolgy - geofond
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Further reading and literature

In the presentation is used pictures from:
Czech Geological Survey — Geological Maps in 5:000 sca le

www.geology.cz
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Solls and Rocks Description
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Soil and Rocks Description

What is that for?

To get the relevant geotechnical data to the design  er

Different description
Description on site (visual classification)

Description based on test results
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Engineering Geology — Classification

USCS - classification

BS EN ISO 14688-1 Geotechnical investigation and te  sting
Soil fractions Sub-fractions Symbols Pnrﬁ-llz-lnams'mau
ary coarss soil Largs bouldar LBa =830
Baouldar Ba = 200 10 &30
Cabils Ca = 63 1o 200
Corss sail Gravel Gr = 20163
Coarss graveal CGr = 201083
Madium grawel WAGr = 63taR0
Fina grawal FGr 2010563
Sand Sa > 0083020
Coarss sand CBax | =063w20
Meadium sand MSa |>02t00,83
Fine sand FSa =003 w02
Fire sail Silt 5 = 0,002 to 0063
Coarss silt C5i | > 002100083
Meadium =ilt MS | = 00083 100,02
Fine silt F5i = 0,002 o 0008 3
Clay cl = 0002
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Engineering Geology — Classification

Principal fractions:
Gr, Sa,

Secondary fractions:
saGr — sandy gravel
grCl — gravelly clay
for sandy material:

Dense thinly bedded grey fine SAND

Important description: Dense or Loose
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‘ Engineering Geology — Classification

Strength category
Stiff
thinly laminated “
brown CLAY 0
Guide to
shear strength 75
of clays (kPa
150
300

Description
Very soft
Soft

Firm

Stiff

Very stiff

Field definition

Extrudes between fingers when squeezed
Very easily moulded with fingers

Moderate finger pressure required to mould
Moulded only by strong finger pressure
Can be indented by thumbnail

Can be scratched by thumbnail

Important description: stiffness

AAU 2013 jan.valenta@fsv.cvut.cz



Engineering Geology — Classification

Plasticity
Non-plastic: 40mm long roll and 6mm thick cannot be formed

Slightly plastic: 40mm long roll and 6mm thick can be formed and
will support on its own weight, but 4mm will not
support

Moderately plastic: 40mm long roll and 4mm thick can be formed
and will support on its own weight, but
2mm will not support

very plastic: 40mm long roll and 2mm thick can be formed
and will support on its own weight

BS EN ISO 14688-1 Geotechnical investigation and te  sting
low plasticity: itis NOT possible 3mm thick roll

high plasticity: it is possible to create 3 mm roll

Dilatancy — way of recognize silt and clay in soll
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Engineering Geology — Classification

Shear strength determination on site:

pocket penetrometer — unconfined compressive strength (MPa)
for fine grained soils only
test slowly

Unconfined compressive strength (MPa) = 2 x shear strength of soil (MPa)
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Engineering Geology — Classification

Shear strength determination on site:

shear vane test — undrained shear strength (MPa)
for fine grained soils only
test slowly

introducing

Click hiora
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Engineering Geology — Classification

3 adapters

middle — 0 to 1 kg/m?
smallest — 0 to 2.5 kg/m?
biggest — 0 to 0.2 kg/m?

shear strength evaluation

introducing

Click hiora
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Engineering Geology — Classification

Rocks:
weathered or un-weathered

Decomposed thinly bedded red coarse

__________________________ -
Extremely weak Crumbles in hand
1.0
Very weak Thin slabs break easily under hand presssure
5
. Weak Thin slabs break under heavy hand presssure
Guide to 25
;?gsc;?\flenftcrie%r?ﬂ Medium strong Lumps or core broken by light hammer blows
of rocks (MPa) 50
Strong Lurmnps or core broken by heavy hammer blows
100
Very strong Lumps only chip with heavy hammer blows.
Dull ringing sound
250

Extremely strong  Rocks ring on hammer blows. Sparks fly

Rocks must be named — there is always association with the name
e.g. Limestones — caverns
Quartzites — abrasive, high strength
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Engineering Geology — Classification

Rocks:
For unconfined compressive strength use Schmidt test hammer
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Soil and Rocks Description

What is that for?

To get the relevant geotechnical data to the design

Important soil parameters?

Estimation of soil parameters:

Property
Specific gravity

Bulk unit weight (kN m™)
Dry unit weight (kN m™)

Angle of friction (%)

Porosity (%)

Shear strength (kPa)

Permeability (m £

Gravel

25— 28
141 - 226
137 — 206
33 = 45
25 — 40
180 —550
107~ 107

Property
Specific gravity

er

Silt

263 - 267

Bulk unit weight (kN m=) 17.65—212

Dry unit weight (kN m™)

Sand Void ratio

26— 27 Liquid limit (%)
137 - 216 Plastic limit (%)
130 - 186 Permeahility (ms™)
27 -~ 46 Cohesion (kN m™)
25 - 50 Angle of friction (°)
100 — 400 Coefficient of consoli-
10— 107 dation (m?yr™)

142 -192
034- 082
24 36
14 =25
iRl =i

<70
25 35
12

Clay
255~ 276
145 — 212
116 - 212
042- 095
> 25
> 20
07— 02
15— 200
4 - 17
5 —= 20

AAU 2013
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Main Investigation Stage
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Main Investigation Stage

What is that for?

1. To get relevant geotechnical data to the designer for the design

2. To prepare the designer and investor to problems (it m eans more
money and more time needed)
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Main Investigation Stage - planning

Design of site investigation

determine the behaviour of the ground in response to the construction
of the engineering work

* know engineering work (size, load, depths of excavation,...)
* determine the geology and hydrogeology,....... (preliminary Sl)
» Establish the size and location of the ground mass that could
influence or be influenced by the engineering work
» list of the data for geotechnical calkulations
* how to get the data (type of tests (laboratory and field))

possibilities:
boreholes
in situ testing
geophysics
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Main Investigation Stage - drilling

rotary core drilling
- access to the site
- pipelines and cables in the ground

Core diameter (mm)

165
139
112
92
76
54
41
30
20
17
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‘ Main Investigation Stage - drilling

a Single tube core barrel

- dry
- using flush water
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‘ Main Investigation Stage - drilling

double tube core drilling

b Double
tube core
barrel

Crribl rod

flushing media — water,
Connector .
to core drilling mud, polymers

barre|

Inmer tube

Outer tube

Ouiter tube —
Dieifling fiukd

Inner tuhe
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Main Investigation Stage - drilling

rotary core drilling

- time of
description

- any water
remarks

6m
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Main Investigation Stage - drilling

rotary core drilling

5m
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Main Investigation Stage - drilling

percussion boring with cable tools
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Main Investigation Stage — trial pits

Trial pits
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Main Investigation Stage — trial pits

Trial pits g s
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Main Investigation Stage — trial pits

Trial pits — investigation of foundation

2+
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Sampling
Disturbed

Undisturbed
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Sampling - undisturbed

Connector
ta drill rod

[

i
|
(o Airfwater
T i release
1 ! valve
[
i<
[
1
Qverdrive
space
=z \
‘ [ m
Sample
e tube
E
A 4J
-
100 mm
J < b
L
Cutting shoe
100 mm
Open tube sampler
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‘ Sampling

Chemical Clays and silts 0.5-1.0 kg 38 75
compaosition Sands 05-10kg 38 75
Gravels 30kg 90 200
Rocks 05 kg 38 75
Groundwater 25|
Structural Clays and silts 0.5-1.0kg 90 90
characteristics incl. ~ Sands 1.0-25kg 90 200
grain size, porosity ~ Gravels 45-45 kg 30 200
etc. Rocks (coarse grained) 0.3 m® 90 90
Rocks (fine grained) 0.15m? 75 75
Strength Clays and silts 03 m)? 38 7
characteristics incl. ~ Sands 03 m) 38 75
elastic moduli, Gravels (05 m)® 0.2 03m
shear strength, Rocks (weathered) 20f (03 m)® 20 200
consolidation etc.  Rocks (unweathered) 1 of (0.3 m)® 75 150
Hydraulic Clays and silts 015 m)* 38 75
characteristics incl.  Sands 02 m)? 38 75
permeability, etc. Gravels (05-1.0m)° 02 04m
Rocks (coarse grained) (0.3 m)* 90 200
Rocks (fine grained) (0.15 m)y? 75 150
Comprehensive Clays and silts 20-45 kg 90 200
examination Sands 20-45 kg 90 200
Gravels 45-90 kg 02 04m
Rocks 20f (0.3 m)? 90 200
Groundwater 45-100|
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Further reading and literatury

In the presentation is used picures from:
Price, D.G: Engineering Geology — principles and pra  ctice (2009)
Czech Geological Survey — Geological Maps in 5:000 sca le

www.geofond.cz
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Laboratory tests (index tests)
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Laboratory tests

Sieve analysis (particle size distribution)

[=+]

h

\

Sample

Rifling ar quarienng

Drrying

Waeighing

Stirring

Saparating

Dhrying

Diry separation (alernatve mathod)

(== - T = R I

Seving
Waighing

-
-

Caomputation
a [Disparsing agent
b Clear water

b Gista voda
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‘ Laboratory tests

Sedimentation — using hydrometer

Graduated glass measuring
cylinder 1000 ml

Reading Ry, |
Meniscus ' 30+10
0995 —=—------======NC"\"" +
= A
1.000--;—-
1.005——
1.010=— .
1.015 ___%_ 14010
1.020—5— -9 3
1.025—=— J'
% N
1.030 - ! [ 1545
Neck of | #
the bulb i ~50
: Y
= A
Bulb ——»| | 60
| 7
y |
~50
| 200
- 1
I
NOTE: calibration in g/ml at 20° C
All dimensions are in millimeters — 1
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Laboratory tests

Atterberg limits (Consistency limits)

Atterberg limits describes the effect of changes of moisture content on the
plasticity of clay soils.

Liquid Limit w(is the water content at which the soil changes from liquid to
solid material with plastic behaviour)

Plasticity Limit wg(is the water content at which the soil stops being plastic)

Plasticity index Ip=w, —w
Shrinkage limit wg

Y

Limits are — constant for a soil sample
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Laboratory tests

Liquid limit (w )

Looking for water content at which the 10mm penetration is reached (for 60°
cone and 60g)
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Laboratory tests

Liquid limit (w ) Casagrande
method

HANDLE

= 150 mm o] o 125 mm =]
'F_H-:‘ LoD LIHJ‘? APPAHATus

m{—m i -tz 71 : lﬂn'm
F"* 20 50— p-_aumm_qzul--r
ﬂ'!fm—-%-—ﬁ' S !{ﬁ:w: o

{b) CASAGRANDE TOOL (c) ASTM TOOL

(d) DIVIDED SOIL CAKE BEFORE (e) SOIL CAKE AFTER TEST
TEST
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‘ Laboratory tests

Plasticity limitw

Looking for the water content at which the soil crumbles as shown
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Laboratory tests

Casagrande plasticity chart

70 T
I CE L~

| o |

s 8

Plasticity index
&
)
[
N

MV

30
Cl

20

oL J// MH
10 =
6r——1--1T—1 | m
0 ML 1
0 10 20 30 40 50 60 70 80 90 100 110 120

Liquid limit
Plasticity — L, I,H,E,
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Laboratory tests

Clayey minerals

1 Montmorillonites -
60 | ""l'
|lll .
&0 | dl Ilites
'
x 40 |
E
Z 30
= 20}
10
°0 10 20 30 40 |50 60 70 8 90 100
Chlorites
Liquid limit
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Laboratory tests — state properties

Consistency (state) — fine grained-soils

Consistency index Ic = (w -w) / (w -Wp)

EN 14688-2
very soft 1-<0,25
soft I. = 0,25 to 0,50
firm 1. = 0,50 az 0,75
stiff . =0,75az 1,0
very stiff I > 1,0
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Laboratory tests

Sieve analysis (particle size distribution)

100

50

Percentage passing sieve size

0.01 0.1 1.0 10
Particle size (mm)

SILT SAND GRAVEL
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Laboratory tests

Sieve analysis (particle size distribution)

100 _

o

0

FE f —

o

£

@4 50 Uniformity coefficient
(=12 —

W Cu - D60/D10

&

E Coefficient of

v curvature

= ’ C = D3?/Dgo™Dyo

0.01 0.1 1.0 10
Particle size (mm)

SILT SAND GRAVEL
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‘ Laboratory tests

Hydraulic conductivity estimation

for sand
k [ms-1] = 0,01D,,? [mm]

Iwﬂ l Prach
1
- ;
B0
=
% 70
&0
*
T s
40
k=10 1.1?Jmfs !
30 ' > _
g . 1/ ﬁi—‘fﬁarm’s { /
% I T oo
aoot anoe 0.01 b.08 |01 B e g0 1100
Primds zma [mm]
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Laboratory tests

Frost — heaving of soil
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Laboratory tests USCS Classification

GROUP SYMBOL GROUP NAME
C,z4and 1G53 Gw <15% sand — Well-graded gravel
c51i|h'm< ; s _-‘H-‘““Fﬂﬁﬁsam—*wgmwlvmhsand
Cy<4andlor1>Cg>3 — 3P —-..,________*-:mﬁsm—*mmqmdﬂdgmml

>15% sand —— Poorly-graded gravel with sand

finas = ML or MH ——= GW-GM -q: <15% gand — Wnﬂ-gmdqd ﬂl‘ﬂ"l"ﬂ' with silt
cuk4and1sﬂqsa‘<: >15% sand —— Well-graded gravel with silt and sand
fines = CL, CH, —— GW-GC "i‘: <15% sand ——= Well-graded gravel with clay (or silty clay)
GRAVEL {or GL-ML) 215% sand —= Well-graded grave! with clay and sand
% gravel > 5-12% finas (or silty clay and sand)

% sand .
fings = ML or MH —— GP-GM —zﬁ <15% sand —— Poody-graded gravel with sill
G“c4andfur1:-5=>3< 215% sand — Poorly-graded gravel wilh silt and sand

fines = CL, CH, GP-GC —-—.:::: =15% sand —— Poorly-graded gravel with clay (or silty clay)
{or CL-ML) 215% sand —= Poorly-graded gravel with clay and sand

{or silty clay and sand)
fings = ML or MH —= GM -T: <15% sand —— Silly gravel
215% sand — Silty gravel with sand
=12% fines + fines = CL or CH GC Hqiﬁmﬂmmm
215% sand — Clayey grave! with sand

GC-GM _——r «15% sand — Silty, clayey gravel
215% sand — Silty, clayey gravel wilth send

C,zBand 15C;s3 aw -+ <15% gravel — Well-graded sand
<5% fines < e =15% gravel — Well-graded sand with gravel
Cy<6Gandlor1>Cg>3 sp —n._________*ﬁs%g;ml——mﬂr-gmdadsam
215% gravel —= Poorly-graded sand with gravel
E -rﬂnaB-HLDrMH——*SW-EH--——.qu%gmml—hWBH-gmdadundwﬁhsiu
Guzﬁand1scﬁsa<L 215% gravel — Well-graded sand with silt and gravel
lines = CL, CH, —— SW-5C — <15% gravel -— Well-graded sand with clay {or silty clay)

fines = CL-ML

SAND {or GL-ML) 215% gravel — Well-graded sand with clay and gravel
‘.:5 a.arr;; 5-12% fines {or silty clay and gravel)
o

\ fines = ML or MH — SP-SM T <15% gravel — Poorly-graded sand with silt
G“cﬁﬂrﬂfﬂf1}'cg?3'< =15% gravel — Poorly-graded sand with siit and gravel
fines = CL, CH,

5P-5C H":::::: <15% gravel — Pooriy-graded sand with clay {or silty clay)

{or CL-ML) 215% gravel — Poorly-graded sand with clay and gravel
[or sitty clay and grawvel)
fines = ML or MH SM <15% gravel — Silty sand
Tt >15% gravel — Silty sand with gravel
=12% fines fines = CL or CH SC:—--._________:_ﬂs%nmvel—-—*Glammnd
215% gravel — Clayey sand with gravel
fines = CL-ML

SC-EM -=—.____: <15% gravel — Siity, clayey sand
215% gravel —= Silty, clayey sand with gravel
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Laboratory tests USCS Classification

GROUP SYMBOL GROUP NAME
< 30% plus No. 200 ~—= <15% plus No. 200 —= Laan clay
o 15-28% plus Mo, 200 «T: % sand > % gravel = Lean clay with sand
Pl>7 and plois —= CL =, sand < % graval — Lean clay with gravel
on or above %s&nd:-%gmuai-::-::: <15% gravet Sandy lean clay
A" fine > 30% plus No. 200 <<__ >15% gravel Sandy lean clay with gravel
% sand < % gravel = <15% sand Gravelly lean clay
215% sand Gravelly lean clay with sand
. lus Mo, 200 = Silty clay
SO PR SY :mwmﬂn.zm-:;—:h%md:%gmﬂ—*ﬁlhcﬁrw%urﬂ
4<PIs7and —= cL-ML< % sand < % gravel — g;hmnmum
& vall-q_‘___—-—--_‘&-:‘iE%plm"al y
in a ks D5 aboe 2 30% plus ho. 200 <%nmnd: o =15% gravel Sandy silty clay with gravel
g A" line % sand < % gravel T «15% sand Gravelly silty clay
=15% sand Gravelly silty clay with sand
<15% plus No. 200 ~ Silt
o < 30% plus No. 200 = ﬁﬂﬁgupmmm,ﬁ:m}:gwml ———— gﬁ:ﬂml
< o R
it | e T
2 G0% pua No.200 <__ % sand < % gravel <15% sand Gravelly sil
. >15% sand Gravelly siit with sand
ﬂl"ﬂ-ﬂl‘h LL._':__..._ ove m-ﬂﬂ,?S — QL ——
. == 200 Fat clay
TR :mu:h';Qmm-q:%m:%gml ——= [at clay with sand
%% sand < % gravel —— [Fat clay with gravel
Fl oner— CH
ub:;-”ztfa-ma < stk . m<%sanﬂ>%mt-q:::g&gﬂ_“' E:gt:—ﬁ;m !
. e %M:%M—qﬁ:ﬁ%nm Gravelly fat clay
215% sand Gravelly fat clay with sand
Inorganic :
Elastic silt
< 30% plus No. 200 <7 fmgufm-q:%M>%mml_- Elusﬁnﬁmund
Bl i % sand < % gravel — Elastic gravel
£l ploe e <15% Sandy elastic siit
S . = 30% IUEMM<“M>%HM-‘:=:215%m Sandy elastic silt with gravel
P %mﬂddﬁﬂml'-q_‘:i"ﬂﬂhd gl’mﬂmgm
o LL—-MM-:OTE — O 215% sand ravelly elastic gand
rganic | T ot dried <2
AAU 2013
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‘ Laboratory tests

Sieve analysis (particle size distribution) and hydromet er analysis

Soil fractions Sub-fractions Symbols Pnrﬁq:-::mau
ey coarss sail Large bouldar LBa =530
Baouldar Bo = 200 10 630
Caobbile Co = 6310200
Coarsa soll Grawvel r > 201063
Coarse gravel CGr | = 201063
Madium grawel MGr |>=63t020
Fina grawal| FiGr =20W063
Sand Sa 006320
Coarsa sand Cha |[>0831w020
Medium sand MSa |>021w0063
Fina sand FSa >00831w02
Fine sail Silt S 2 0002 100083
Coarsa silt 50 = 002 100,063
Madium silt MSi | >00063100,02
Fine silt F5Si > 00021000053
Clay Cl <0002
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Laboratory tests

Sieve analysis (particle size distribution) and hydromet er analysis

Principal fractions:

Gr, Sa,

Secondary fractions:

saGr — sandy gravel

grCl — gravelly clay

siclSa — silty clayey Sand

siclfSa — silty clayey fine grained Sand

clfSasi_— clayey fine grained Sand interbeded by silt

AAU 2013 jan.valenta@fsv.cvut.cz



Laboratory tests — state properties

Other laboratry properties (state)
water content W, /W [%0]
Density at natural water content [kg/m?3]
Dry density [kg/m3]
Degree of saturation [%0]
Unit weight y = pg [kg/m?3]
Void ratioe = Vp / Vs [-]
Relative density
RD:(emax' e) / (emax' emin)
very loose ID=0to 0,15
loose ID= 0,15 to 0,35
medium ID= 0,35 to 0,65

dense ID= 0,65 to 0,85
very dense ID =0,851t0 1,0
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Laboratory tests

Shear box test

space far
proving ring

Direct measurement of shear forces — N, T

Recalculation to stresses ( O, T)

jan.valenta@fsv.cvut.cz
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‘ Laboratory tests

Shear box test i
E Residual
Lt 3
e— > Normal
loads

1

Shear displacement —»

Normal loads
1 2 3

)/ Peak

Shear stress —»

Residual

Or

Normal stress —»
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Laboratory tests

Oedometer

[l
i
|

UL

|
|

G

(|
[

Direct measurement of forces — N, movement s (settleme  nt)

Recalculation to stresses ( O)
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Laboratory tests

Oedometer

Modulus E 4

AAU 2013
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Principal of effective stresses
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Laboratory tests

Triaxial aparatus — strength and stiffness

Cross head | —— Axial
[F—] displacement

Tie rods ~

transducer

— Axial load cells
Loading ram (alternative positior
| __—— Top platen
Cell
Rubber sleeve > O-ring seals
Drain
| — Cell pressure
Flushing
[ —T‘—' T Drainage: pore
- pressure and
volume change
Motor drive
AAU 2013 jan.valenta@fsv.cvut.cz



Laboratory tests

Triaxial aparatus — strength and stiffness

r ;

Cross head |__— Axial
[3—] displacement
Tie rods — transducer
—= Axial load cells
Loading ram t (alternative positions)
|__— Top platen
Cell
Rubber sleeve > O-ring seals
Drain
Cell pressure
4 P
Flushing
T Drainage: pore
pressure and
volume change

Motor drive
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Laboratory tests

Triaxial aparatus — strength (total and effective)

a Load (o)

o L

O0—0G3 —»

Cell ——

(ﬂ'ﬂ {Tﬂ

|:> Sample <:|

Test 3

Test 2

Test 1

Water

Cell pressure

|—r:

|

Pore pressur

Strain (g) —

measurements, drainage
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Further reading and literatury

In the presentation is used picures from:
Price, D.G: Engineering Geology — principles and pra  ctice (2009)

Czech Geological Survey — Geological Maps in 5:000 sca le

www.geofond.cz
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Construction problems and
engineering geology on
construction site
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‘ Filling and compacting

Greencastle
Carrickfergus

A2
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‘ Filling and compacting

What sort of material is suitable for compacting?

What influence well compacted material?
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