ENGINEERING GEOLOGY

Syllabus of Engineering Geology INS1122, Spring Semester, 2014

Lecturer: Assistant Prof. Dr. Omer Unduil — istanbul University (i.U.) Geological Engineering Dept.
Lecture: Monday, 13:00 — 15:50

e-mail: oundul@istanbul.edu.tr,

http://aves.istanbul.edu.tr/SorguDokumanlarim.aspx?Sorgu=3217

Textbook: Geology for Civil Engineers by Marcus Matthews, Noel Simons and Bruce Menzies. A publ.
of Thomson Telford.

Engineering Geology, Bell F.G, Second edition 2007, Butterworth-Heinemann, Elsevier

1)
2)
3)
4)
5)
6)
7)
8)
9)

Introduction, the role of geology and engineering geology in civil engineering
The structure of the Earth’s crust

Minerals and Rocks, classifications

Engineering properties of rocks

Topographic maps, geological maps and cross sections

Engineering geological maps

Earthquakes

Mass movements

Stability of rock slopes

10) Engineering geology in dams
11) Tunnelling

12) Groundwater

13) Natural and dimension stones
14) Environmental geology
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WEATHERING

/Weathering is the process of alteration and breakdown of rock
and soil materials at and near the Earth’s surface by physical,
chemical and biological processes to form clay, iron oxides, and

._other weathering products. )




WEATHERING - TYPES

MECHANICAL / PHYSICAL

Disintegration of rocks and minerals by a physical or mechanical process

CHEMICAL

Chemical alteration or decomposition of rocks and minerals

BIOLOGICAL

Roots, animal activity etc



WEATHERING - MECHANICAL / PHYSICAL
Mechanical weathering

1

|

1) Development of Joints:

Stress relief _exfoliation®, tectonic
2) Crystal Growth
3) Frost Action:

Freeze-thaw, frost wedging etc.
4) Changes in temperature:

Wet-dry cycles, slope aspect
5) Plant roots
6) Abrasion
7) Exfoliation **




\WEATHERING - CHEMICAL

1) Hydrolisis

4K AlSi;0 + 4H*

Orthoclase Hydrogen ion wwater

2) Oxidation

Fet2510;3 + 120, —> Fe304 + 3510,
Pyroxene Oxygen Magnetite Quartz

3) Dissolution

CaCO; + H,CO3 —> CaX* +  2(HCOjy)

Calcite Carbonic Acid Calcium 1on Bicatbonate 1on

4) Hydration - Dehydration

FeO OH —> Fe,03 +  Hy0

Goethate Hematite water

+ 2H,0 —> 4K* + AlSi0,,(OH)g + 8 8Si0,

Potass iom don Kaolmite clay mmmeral)



WEATHERING - BIOLOGICAL

1) Plant Roots

2) Organic Activities: algea, lichens, bacteria, movement of animals within rock (especially
after completely weathered stage)

Modified from
http://toms-randomthoughts.blogspot.com/2010/12/rocks.html

www.shutterstock.com



WEATHERING - LANDSCAPES

-%_;"-’I> L

2) Kapadokya - Turkey

— T

]

3) Antequera - Spain_The World Geography 4) Grand Canyon - USA_National Geographic



WEATHERING - INFLUENGING'FACTORS

1) Rock Type:

Surface area = 6 m? Surface area = 12 m? Surface area = 24 m?

2) Particle Size:

3) Climate:

4) Time & Exposure
5) Topography:

6) Vegetation & Animal activities



\WEATHERING - [MPACTS

WHY ARE WE INTERESTED IN WEATHERING?

1) Soil Development

2) Slope Stability

3) Tunnelling

4) Geological Materials

5) Agriculture etc.



EATHERING CLASSIFICATION

Weathering
grades

Simplified from ANON, 1995
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WEATHERING PROFILES IN ROCK
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\WEATHERING of ULTRAMAFIC ROCKS

Serpentinized
A e




\\WEATHERING PROFILE.of ULTRAMAFIC.ROCKS

15 20 25 30 35 40

(cm)

Can be broken by some hammer blows

II

Serpentinization along discountinuities.
Discolouration due to iron oxide.

Olivine and pyroxene minerals can be observed
in the field. Many blows with a 5 kg hammer are
needed to break the rock.

No sign of weathering.

Slight discolouration along cracks.
Olivines can be identified with naked eyes.
Many hard blows are needed with a

Skg hammer to break a piece.




\WEATHERING of ULTRAMAFIC ROCKS

15/01/2007 1300~ .
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\WEATHERING of ULTRAMAFIC ROCKS
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Dolerite®

I 28.04

] 2764

v 26.96

Vv 26.18
Granodiorite®

| 25.6-26.96
Il 25.7-26
] 25.1-25.7
v 22.9-25.1
Vv 198

Vi 147

04
0.5

32

2604
TEEE
1.5-23
5.2-6.1

24

160 - 180
83 -160
58 - 83
24 - 58
111 -165
60 - 97
33 - 48
8 - 24
0.1
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Due to weathering
Colours of the rock changes
Porosity increases
Grains get weaker

The depth of weathered zone
and
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ENGINEERING PROPERTIES of ROCKS

Rocks can be used as
1) Construction material
a) Fill materail (highways, dams etc.)
b) Industrial use as dimensional stones or aggregates

2) Foundation material
a) Building, viaduct, dam etc.
b) Tunnel, dam, slopes etc.
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ENGINEERING PROPERTIES of ROCKS
Construction material

SETTLEMENT CRACK
WIDER AT TOP WILL
TRAVEL THROUGH
WEAK WALL AREAS

FILL AREA
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ENGINEERING PROPERTIES of ROCKS
Natural stone, dimension stone, aggregate for varying purposes
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ENGINEERING PROPERTIES of ROCKS

Shafts & Tunnels

R Nk

Radioactive Waste
Geothermal Energy Disposal

ElE F o Frrd

L &

(Rearranged from Hudson, 1989)
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ENGINEERING PROPERTIES of ROCKS

o ki R
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ENGINEERING PROPERTIES of ROCKS




istanbul University — Yildiz Technical University Engineering Geology for Civil Engineers

ENGINEERING PROPERTIES of ROCKS

1. Density, specific gravity, porosity, and void ratio
. Rock strength
Definition of stress, normal and shear stress
Rock strength: tensile, shear, and compressive
Failure criteria: tensile, compressive
Failure criterion: shear failure

3) Discontinuity properties of rocks
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ENGINEERING PROPERTIES of ROCKS

For the consideration of rocks as the construction foundation the engineers
concern about

a) Density

b) Strength

c) Deformation

d) Discontinuity properties
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ENGINEERING PROPERTIES of ROCKS

1. Density, specific gravity, porosity, and void ratio

Specific gravity
Ps
G, =
p w

Specitic Gravity is determined in crushed (powdered)
specimen and speciftic gravities of most rock-forming
minerals range from 2.5 fo 2.8 although some
heavier minerals are from 3 to 5 and/or higher
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ENGINEERING PROPERTIES of ROCKS

Density, specific gravity, porosity, and void ratio

Density

m

P="
v

Density is obtained from
representative piece of the rock itself.
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ENGINEERING PROPERTIES of ROCKS

Density, specific gravity, porosity, and void ratio
Porosity

. 4 pore

J1 =

vroraf

Void ratio
A%

pore

V

skeleton

Schematic representation of porous medium
indicating relationship between air (A), solid
(B) and water (C).
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ENGINEERING PROPERTIES of ROCKS

Density, specific gravity, porosity, and void ratio

Porosity Void ratio
0 = vpore o= me_ e
Viotal V. solid
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ENGINEERING PROPERTIES of ROCKS

Density in 10% kg m—
1.00 1.50 2.00 2.50 3.00 3.50

Igneous rocks-intrusiva

Granite

E_1
Syenite _
Diorite ]
(|

Gabbro

Dunite

Peridotite

Pyroxenite

Igneous rocks-extrusiva

Rhyolite

Porphyrite

Diabase

Basalte
Tuffs

Metamorphic rocks
Quartzite

Marble

Phyllite

Schist

Gneiss

Amphibolite

Eclogite

FIGURE 4.3 Mean range of density for igneous and metamorphic rocks.
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ENGINEERING PROPERTIES of ROCKS
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Fig. 9.4 Saturated rock unit weight in lerms of porosity and specific gravity
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ENGINEERING PROPERTIES of ROCKS
The limits of the value of porosity

| L V.
max(n) =—-+-"—=1 min(n) =22 =0

VIOICI] Vfﬂfﬂ'r?

The limits of the value of void ratio

pore - _Vpore _ 0
max(e) = —> O min(e) = =
V solid V' solid
€ n
n=—— e =
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ENGINEERING PROPERTIES of ROCKS
2. Rock strength,

is the peak stress to break down the rock sample in a uniaxial or triaxial
compression process (modified from Farmer, 1982)

Axial Axial
stress | Y Cl::i stress Lu
—— S
“L"“m L
”LM T gy

R KR Fo tress
33 4] {F SIress

el o H

Uniaxial compression Uniaxial tension Triaxial compression
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ENGINEERING PROPERTIES of ROCKS

Rock strength, is the peak stress to break down the rock sample in a
uniaxial or triaxial compression process (modified from Farmer, 1982)
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Platen of Compression Testing Machine

-
%/ .

Fressure
Vessel

e

AN it':‘f.'-_,z%
'?3’{/4/ _ AR ";’x"/f//mm{_{:cmfining

vkt e
% s
R ":;::::y; : Gage
/ L ////

A : 7
//7 i
f/ 4 iy ffr//;4

Load Cell—

%/f/}/'/

L S T I T T I T S S S S




istanbul University — Yildiz Technical University Engineering Geology for Civil Engineers

ENGINEERING PROPERTIES of ROCKS

What is stress?
Stress is the force per area applied on the object

Fv
Fh
/AJF\ e
~" ~_
O,, - hormal stress o = Fp 5 = ﬂ

O, = shear stress | ’ A
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ENGINEERING PROPERTIES of ROCKS

e Strain types under
After the stress is varying - |
acted on a piece of Unstressed Stress directions
material, the material cube of rock
will deform. ] ]
y Strain: deformation
/ \ in a unit length,
area or volume

S ﬁjif )

A Tensional stress B Compressional C Shear stress
) Tensional strain stress mm) Shear strain

—) Compressive
strain
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ENGINEERING PROPERTIES of ROCKS

Actually, since the force is a vector, and can act on any
direction, it can be dissolved into 3 orthogonal
directions (e.g., X, Y, Z, in Cartesian coordinate); a
surface in or on the solid can face any direction, too. The
normal of that surface is also a function of x, vy, z.
Consequently, a complete stress should be a tensor with

9 elements. .,

B N XZ
XX Xy , 754 ag -
6=|0, O, O. ,
B ZX b (T_" = a
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ENGINEERING PROPERTIES of ROCKS
Rock strength

As the stress can be divided into normal stress
(compressive and tensile) and shear stress. Similiarly the
rock should also have;

compressive strength (CS)
shear strength (1)
tensile strength (T)

For the same kind of rock usually
CS>1,>T
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ENGINEERING PROPERTIES of ROCKS

Rock strength and failure criteria

However, the shear failure is not as simple as the tensile
and compressive failure criteria. (Because it involves both
normal and shear stresses). Laboratory experiments in
rock mechanics shows that the shear failure is more
complicated and follows the Coulomb Criterion stated as

T>Tg *+UO

The Coulomb Criterion shows that shear stress tends to
cause failure across a plane, it is resisted by the sum of
the shear strength (cohesion) of the material and a
constant times the normal stress across the plane. This
constant is the coefficient of friction. When the shear
stress is equal to or greater than that sum, shear failure
occurs.
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ENGINEERING PROPERTIES of ROCKS

Let’s illustrate the Coulomb criterion for shear failure by a very common test
(see the sketch below). First, assume that there is no inherent shear strength
(cohesion) between the block (with a mass of m) and the underlying slope. The
contact area is A, and the slope on which the block is possible sliding has a dip
angle of 6. We have the following relations:

cohesion: Tp = 0,
normal stress: ¢ = mgcoso/A,
shear stress: T = mgsin6/A,

Put into the Coulomb criterion we get

T> Tg* UC

mgsin6/A = Tg + 1 ¢ = umgcosH/A
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ENGINEERING PROPERTIES of ROCKS

Rock strength and failure criteria

Tensile failure occur

ol > T

Compressive failure occur
|o| > CS

Shear failure occur (Coulomb criterion)

1> T+ uo
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ENGINEERING PROPERTIES of ROCKS

Strain

Change in shape or size of an object in
response to an applied stress.

= Deformation
Three Types of Strain
*Elastic

*Ductile (Plastic)
*Brittle (Rupture)
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ENGINEERING PROPERTIES of ROCKS
Elastic Deformation

If the response of the material to the
load/unload is instantaneous, it is a pure
elastic maternial;

If the response of the material to the
load/unload needs finite time, it Is a
visco-elastic material;
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ENGINEERING PROPERTIES of ROCKS

Ductile (Plastic) Deformation

e 1.e. 1t flows or bends
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ENGINEERING PROPERTIES of ROCKS

BRITTLE DEFORMATION
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ENGINEERING PROPERTIES of ROCKS

Fracture\
Elastic limit puctile defo 3
A
7))
w
o
0
Permanent,”
strain 7
A
4 N
X Y

Strain -
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ENGINEERING PROPERTIES of ROCKS

Young’'s modulus E

Young’'s modulus is the stress needed to
compress the solid to shorten in a unit

strain.
T = O, dr G,
N
r
" . e b ]"1.
Poisson’s ratio v - ’\'\\_/—f’(“; dz

hhhhhhhhhh

expansion in the lateral directions and
compression in the direction in which the
uni-axial compression applies.

o ————

[
Poisson’s measures the relativity of the i

Ar/r
NeE
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ENGINEERING PROPERTIES of ROCKS
Uni-axial Compression Test

In a uni-axial compression test, the direction of the load is called
the maximum principal direction and there are no other loads
(forces) working on other direction.

dr G,

r
0SS W
\ 4
IHH'-' ________ "...|
| [
1 I
| i Z
| I
i [
| [
1 e = — =y, [
1 b= =,
G
b -
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ENGINEERING PROPERTIES of ROCKS

In a triaxial compression test,
the direction of the load is
called the maximum principal
direction and the direction of
the confining pressure applied
is the minimum principal
direction.

triaxial
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ENGINEERING PROPERTIES of ROCKS

Axial Axial
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stress | Ty Slress a
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Rock fails at a critical combination of normal and shear stresses:
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ENGINEERING PROPERTIES of ROCKS

The equation tor Itl and o_ are the equations of a circle in
{T. 7) space:

T

Tensile
cutoff. T

At fatlure,

ZB =90 + ¢'
> p=45+2
v, U3 7 7 y
Untaxial Uniaxial Axial Axial
tension compression stress | % stress
oL oL
oL I
Lateral
T, r, stress

Uniaxial compression Triaxial compression
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Table 7.1 Typical range of unconfined compressive strength of intact rocks (AASHTO, 1989).

Rock Unconfined compressive
category General description Rock strength, o, ) (MPa)
A Carbonate rocks with well- Dolostone 33-310
developed crystal cleavage Limestone 24 - 290
Carbonatite 38-69
Marble 38 - 241
Tactite-Skarn 131 -338
B Lithified argillaceous rock Argillite 29— 145
Claystone 1-8
Marlstone 52-193
Phyllite 24 - 241
Siltstone 10-117
Shale @ 7-35
Slate 145 - 207
C Arenaceous rocks with strong  Conglomerate 33-221
crystals and poor cleavage Sandstone 67-172
Quartzite 62379
D Fine-grained igneous crystalline Andesite 97-179
rock Diabase 21-572
E Coarse-grained igneous and Amphibolite 117-276
metamorphic crystalline rock  Gabbro 124 - 310
Gneiss 24 -310
Granite 14 - 338
Quartz diorite 10-97
Quartz monozonite 131 - 159
Schist 10 - 145
Syenite 179 — 427

(URange of unconfined compressive strength reported by various investigators.

@Not including oil shale.
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ENGINEERING PROPERTIES of ROCKS

TABLE 5.20

Suggested Hardness Classification for Intact Rock?

Class Hardness Field test Strength® tsf

I Extremely hard Many blows with geologic hammer =2000
required to break intact specimen

II Very hard to hard Hand-held specimen breaks with 2000-700
hammer end of pick under more 700-250
than one blow

I Moderate Cannot be scraped or peeled with knife, 250-100

hand-held specimen can lie broken with
single moderate blow with pick
IV Soft Can just be scraped or peeled with 100-30
knife. Indentations 1-3 mm deep shown
in specimen with moderate blow of pick
v Very soft Material crumbles under moderate 30-10
blow with sharp end of pick and can be
peeled with a knife, but is too hard to
hand-trim for triaxial test specimen

2 After ISRM Working Party, Int. Sec. Rock Mech., Lisbon, 1975.
b Uniaxial compressive strength (Core Logging Comm., Bull. Assoc. Eng. Geol., XV, 295-328, 1978.
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ENGINEERING PROPERTIES of ROCKS

3) Discontinuity properties of rocks
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ENGINEERING PROPERTIES of ROCKS

3) Discontinuity properties of rocks

Engineering Geology for Civil Engineers

\7’\ & illing

/ : o ' Discontinuity set
~ Piscontinuity set .

Wall strength - |
AN
= ‘N

R hness ¢
oug n&/.r

S / ‘\\ -_W-
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4 Spacing 7S “
K'/,»;ﬁv:-‘-.»---—-—«r w2 BOREHOLE S OR SCANLINE
ra Aperture T
; . S
/ Dip and _-
e _ \dip direction
Seepage )

Figure 7.3 Schematic of the primary geometrical properties of discontinuities in

rock (from Hudson, 1989).
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ENGINEERING PROPERTIES of ROCKS

Discontinuity properties of rocks

1. Orientation: The attitude of a discontinuity in space. It is described by the dip direction
(azimuth) and dip of the line of steepest declination in the plane of the discontinuity.

2. Spacing: The perpendicular distance between adjacent discontinuities. It normally refers
to the mean or modal spacing of a set of discontinuities.

3. Persistence. The discontinuity trace length as observed in an exposure. It may give a
crude measure of the areal extent or penetration length of a discontinuity. Termination in
solid rock or against other discontinuities reduces the persistence.

4. Roughness: The inherent surface roughness and waviness relative to the mean plane of a
discontinuity. Both roughness and waviness contribute to the shear strength. Large scale
waviness may also alter the dip locally.

5. Wall strength: The equivalent compressive strength of the adjacent rock walls of a
discontinuity. It may be lower than rock block strength due to weathering or alteration of
the walls. It is an important component of shear strength if rock walls are in contact.
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ENGINEERING PROPERTIES of ROCKS

Discontinuity properties of rocks

6. Aperture: The perpendicular distance between adjacent rock walls of a discontinuity, in
which the intervening space is air or water filled.

7. Filling: The material that separates the adjacent rock walls of a discontinuity and that is
usually weaker than the parent rock. Typical filling materials are sand, silt, clay, breccia,
gouge, mylonite. It also includes thin mineral coatings and healed discontinuities such as
quartz and calcite veins.

8. Seepage: The water flow and free moisture visible in individual discontinuities or in the
rock mass as a whole.

9. Number of Sets: The number of discontinuity sets comprising the intersecting
discontinuity system. The rock mass may be further divided by individual discontinuities.
10.Block Size. The rock block dimensions resulting from the mutual orientation of
intersecting discontinuity sets, and resulting from the spacing of the individual sets.
Individual discontinuities may further influence the block size and shape.
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ENGINEERING PROPERTIES of ROCKS

Discontinuity properties of rocks

% B e, X gy G e
s = g Nt M = ey
e g
ol = ' ! . G [

Figure 7.2 Discontinuities in rock and the engineered structure (A, borehole; B,
tunnel; C, large excavation).
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ENGINEERING PROPERTIES of ROCKS

Discontinuity properties of rocks

Scale Effects in Rock Masses

... varying rock mass conditions dependent on scale ...
intact to highly fractured ...

The properties of discontinuities and rock mass
classifications will be discussed in detail in
following weeks (€.g. 5, 6, 8,9 and 11)
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SEE YOU NEXT WEEK



