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INTRODUCTION

Lecture 1

Session 1

Introduction to Geotechnical Investigation

Objectives:
1. To learn how to conduct geotechnical investigation for foundation projects
2. To review soil and rock properties needed for foundation analysis and design

Qutcomes:

To apply fundamental knowledge of soil mechanics and geotechnical
engineering to geotechnical investigation

Learning Tasks:
1. Assignments

2. Online quizzes



INTRODUCTION

Before we investigate the feasibility of any

foundation project one should understand

1. the interaction between the human activities &

the geologic environment



INTRODUCTION

Human Activities
&
Geologic Environment
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Geometrical Changes External Stresses
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Altering Stresses in Soil Layers

Active Impact

Passive Impact

1. Building Construction
2. Dams ;
1. Slope Failure

£ Embankments_ 2. Flow / Landslides
4. Roadways/ Railways :

- 3. Erosion
5. Underground Construction .
6 Waterw 4. Flooding
- vatenways 5. Ground Subsidence
7. Earth Retaining Structures
8. Dewatering Facilities E s
- Dewatering 7. Ground Failure
9. Airports 8. Piping
10. Hydraulic Structures 9 Heave

11. Towers/Silos
12. Pipelines
13.Bridges

10. Earthquake




Altering Stresses in Soil Layers
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INTRODUCTION

An adequate assessment of the site should be done through

i

Geotechnical Investigation




INTRODUCTION

2. Conduct a thorough geotechnical mvestlgatlon

This requires the skill and the knowledge to
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Identify and describe rock & soil formations
|dentify geologic hazards

Identify and describe rock & soil types Samples States Physoranhis egions
Define groundwater conditions :
Procure samples

Perform field and laboratory testing




< 1. Identify and describe rock & soil formations s

Quartzite

Marble

Sandstone

Limestene
Coggliostic

pEvomarphism

Sedimentary

(Compressive
force)

S 7
Granite "o
h‘ﬁ 'ﬁ""—‘"ﬁ'*ﬁﬂ'; Find
Contoct Quartzite Schist
metomorphism
(intrusive Hornfels Phyflite Gneiss

body)
Schist

'gneous Metamorphic-
Rock Rock

Pyroclastic Ejection

Primary processes in the
geologic cycle



< 1. Identify and describe rock & soil formations s

Soil Formation

* Soil material is the product of rock

* The geological process that produce soil is WEATHERING :> Chemical and Physical

* Variation in Particle size and shape depends on:
1 - Weathering Process

2 - Transportation Process

* Variation in Soil structure depends on:  flocculated  bookhouse

TS S
. . —_— gﬁﬁ{g”'_
1 - Soil Minerals o =,
. F"’
2 - Deposition Process s —m—
c) d)

turbostratic natural structure



\ 1. ldentify and describe rock & soil formations s

Soil Formation

* Transportation and Deposition

Four forces are usually cause the transportation (\Walter, Wind, ice, gravity) and

deposition of soils

1-Water ———  Alluvial Solil
1- Fluvial
2- Estuarine
3- Lacustrine
4- Coastal
5- Marine



< 1. Identify and describe rock & soil formations s

2-lcé ——»p Glacial Soils

drumlin

terminal
moraine

ground
moraine

1. Hard Pan

2. Terminal Moraine
3. Esker

4. Kettles

floodplain




4 1. ldentify and describe rock & soil formations s

3- Wind =——p Aeolian Soils

1. Sand Dunes
2. Loess

4- Gravity = Colluvial Soil
1-Talus




< 1. ldentify and describe rock & soil formations e

Continental United
States Physiographic
Regions Include

 8regions,
« 25 provinces, and
« 85 sections

Laurentian Upland
Atlantic Plain

Appalachian Highlands

Interior Plains

[l Superior Upland ‘ .
Interior Highlands
Il Coastal Plain

Il Fiedmont province

Il Blue Ridge province

&N Valley and Ridge province
a0 St Lawrence Valley
Appalachian Plateaus
Il "ew England province
Adirondack province

P Interior Low Flateaus

Central Lowland
Y Great Plains province

Rocky Mountain System

Intermontane Plateaus

Pacific Mountain System

a*t

BTl Ozark Plateaus
IRl ©uachita province

Southem Rocky Mountains
7] Woming Basin

Bl 1viddle Rocky Mountains
Bl Il orthern Rocky Mountains

] Columbia Flateaus
Colorado Plateaus
[ Basin and Range province

Cascade-Sierra Mountains
2 Pacific Border province
Bl Lower California province



\ 3. Identify and describe rock & soil types

Rock Type Soil Type
1. Igneous Rock 1. Residual Soil
2. Sedimentary Rock 2. Transported Soill

3. Metamorphic Rock




Question

What type of soils are usually produced in nature by the different weathering & Transportation processes?

- Boulders

- Gravel

- Sand

- Silt

- Clay

* These soils can be - Dry

- Saturated -Fully
- Partially

*Also they have different  shapes , textures , structures

Shapes ....... Elongated
Rounded
Plated
Angular

Texture ......... Coarse
Medium
Fine

Structures..... Loose
Dense
Honeycombed
Dispersed
Flocculated



Geotechnical Investigation

Steps of Geotechnical Investigation

1. Data Collection
2. Terrain Analysis
3. Site Exploration
4. Subsurface Sectioning

5. Sample Recovery

6. Soil Testing



Geotechnical Investigation

1. Data Collection
1.1  Type of structure
1.2  General use of the structure
1.3  Column load
1.4  Column spacing
1.5 Building code
1.6 Basement requirements
1.7  Topography maps
1.8  Geological maps
1.9 Soil Maps
1.10 Groundwater maps

1.11 Report, Ariel photographs, satellite images, etc.



Geotechnical Investigation

2 Terrain Analysis

Using remote sensing and landform interpretation techniques to determine:

2.1  Geomorphic characteristics on the site (Landform)
2.2 Relief amplitudes

2.3 Drainage basins

2.4  Vegetation

2.5 Climate conditions, weathering, frost action, erosion, and mass wasting



Geotechnical Investigation

3. Site Exploration
It is a field trip to inspect:
3.1  General topography, existing drainage, ditches, etc.
3.2  General conditions of the soil
3.3 Type of vegetation
3.4  Surface water condition

3.5  Accessibility of the site



Geotechnical Investigation

4. Subsurface Sectioning

This includes the following

4.1  Test Pits (for shallow depths)
4.2  Auger Boring (Manual, Mechanical)
43  Wash Boring
4.4  Core boring
45  Special Methods - Seismic refraction
GPR
Electric Resistivity




Geotechnical Investigation

4. Subsurface Sectioning

Areas of
investigation

Large structure with separate
closely space footings

Isolated rigid
foundations

Long bulkhead or wharf wall

Deep cuts

Dams and water retention
structures

High embankments

Boring depth

Extend to depth where increase in vertical stress for combined foundations is less than 10 percent of
effective overburden stress. Generally all boring should extend to no less than 9 m (30 ft) below lowest
part of foundation unless rock is encountered at shallower depth.

Extend to depth where vertical stress decreases to 10 percent of bearing pressure. Generally all borings
should extend no less than 9 m (30 ft) below lowest part of foundation unless rock is encountered at
shallower depth.

Extend to depth below dredge line between 0.75 and 1.5 times unbalanced height of wall. Where
stratification indicates possible deep stability problem, selected borings should reach top of hard stratum.

Extend to depth between 0.75 and 1 times base width of narrow cuts. Where cut is above groundwater in
stable materials, depth of 1.2 to 2.4 m (4 to 8 ft) below base may suffice. Where base is below
groundwater, determine extent of previous strata below base.

Extend to depth of 0.5 base width of earth dams or 1 to 1.5 times height of small concrete dams in
relatively homogeneous foundations. Borings may terminate after penetration of 3 to 6 m (10 to 20 ft) in
hard and impervious stratum if continuity of this stratum is known from reconnaissance.

Extend to depth between 0.5 to 1.25 times horizontal length of side slope in relatively homogeneous
foundation. Where soft strata are encountered, borings should reach hard materials.

From NAVFAC DM-7.1, 1982.



4. Subsurface Sectioning

Boussinesq’s Equation for Vertical Stress Caused by a Rectangularly
Loaded Area
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4. Subsurface Sectioning
Boring depth using Richard et al. 1979 Chart

Pivot Line

Footing Width (ft)

Elastic Half Space

Boring Depth Using Boussinesq’'s Equation for Square loading
(RICHARD D. BARKSDALE AND MILTON O. SCHREIBER, 1979)
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Contact

4. Subsurface Sectioning  pressure of

5000 Ib/ft?

Boring depth

Vo= 115 Ib/ft3

EXAMPLE

Given

7 ft square footing

Contact pressure of 5000 Ib/ft?

Wet unit weight of the soil = 115 Ib/ft3

| o - 50

Water table is estimated to be 40 ft . B
beneath the footing. o 2 g 1
) ¥ 70
| N 20 — T g0

Find 2 :
The minimum depth of test boring 2 21 e
D, i -+ 100
30— :;— 110
+- 120
35 S _: 130

Elastic Half Space

Unit Weight of Soil (Ib/ft3)



Contact

4. Subsurface Sectioning  pressure of

5000 Ib/ft?

Boring depth

EXAMPLE Vwer= 115 Ib/ft3

Solution

Since the water table is estimated to
be 40 ft beneath the footing and the
footing's width is 7 ft, the soil's wet

unit weight should be used 5 - 2 B
10- g ¥ 60
Using Y, =115 Ib/fte, 5 ) £

Contact pressure = 5000 Ib/ft2, and & , = I
Width of footing =7 ft, : E 2
o ] -+ 90

£ 26 T
D, ~ 21.5 ft. use 22 ft. g ¥+ 100
30— :;— 110
+ 120
35 5.0 S ’_: 130

Elastic Half Space

Unit Weight of Soil (Ib/ft3)



4. Subsurface Sectioning Aqs

0 2 3 i
R = Radius ////// \\\ I >
e NN
ZE2211AN z
oA AN
s TS
0.4 - // / 1 \
ZIR[ [ L1/ \
0.3 —1 / Ao.=ql
: I T
PdRV.EN. \
0.2 / / 7
|/ /
-"E} ot Pz /
| ols )4
3 %
4 [ APa. ]

/ Art by Dr. Kamal Tawfig

0.10 —

Circular Load: (Vertical Stress)/(Surface Stress)



Geotechnical Investigation

5. Sample Recovery

5.1 Methods of Sample Recovery
1. Hand auger
2. Split spoon
3. Backhoe
4. Thin wall tube (Shelby tube)

5.2 Soil samples obtained during sectioning are either:

1. Disturbed

2. Undisturbed Disturbed soil samples are used for
1. Grain size analysis

2. Determination of index properties
Undisturbed samples are used for 2 m ;roa| VWYI fent

1. As for disturbed sample :
2. Determining mechanical properties

3. Determining hydraulic properties




Geotechnical Investigation

Methods of Sample Recovery
1. Hand auger

The practical depth of investigation using a hand auger
depends upon the soil properties and depth of investigation.




Geotechnical Investigation

Methods of Sample Recovery
2. Split spoon

» Split spoon sampling methods are used primarily to collect shallow and deep
subsurface soil samples.

« All split spoon samplers, regardless of size, are basically split cylindrical barrels
that are threaded on each end.

» Split spoon sampling method is used to obtain disturbed and undisturbed
samples.

- The sampler is driven in into the soil by a hammer
- The weight of the hammer is 140 Ib

- The number of blows (N) required to penetrate the spoon of three 6 in. intervals
are added and recorded.

0.1 in.
{2.5mm) Open Shoe Tube Head Raollpin
This procedure is called the Standard Penetration Test (SPT) Jf 7 £ 722 & q = \? T %
1.375 in. 1.5in. 2in.
N l349mml I~ T 1(38.1mm) T simm T T '% :Slt‘— -
Actually, the Standard Penetration Number N is the number of blows of the 4 RRARIIEETTETTLLL e /M, <

last two intervals (12 in.) The first interval (6 in.) is usually discarded
(why??????????) (25 to S0 mm)

..........

o |~m.;-a-— 18t0 30 in o

Vent



Geotechnical Investigation gt

THE STANDARD PENETRATION TEST (SPT) ASTM D1586

- The SPT is one of the most popular and economical means to obtain subsurface
information.

- The testing method was standardized in 1958 as ASTM D1568

The test consists of:
* A 140 Ib driving mass falling from a height of 30 in.

* Drive the standard split spoon sampler a distance of 18 in. into the soill L
Hollow

* Counting the number of blows (N) to drive the sampler 12 in. Stem
(6in. +61in.) Auger

* The boring log should show "refusal" and should be halted if:

a- 50 blows are required for any 150 mm increment
b- 100 blows are obtained
c- 10 successful blows produce no advance

* N should be corrected for the increase of the overburden pressure

Solid tube sampler



THE STANDARD PENETRATION TEST (SPT) ASTM D1586

STANDARD PENETRATION TEST (SPT) STANDARD PENETRATION TEST (SPT)
SPT ws. Relative Density of Sand Meyerhaff (1956)
SPT
Resistance |~ 140 |b Hammer Standard , Angle of
(N-value) is dropping” Relative Penetration Sﬁt::izt{;:gee Internal
total number of Anvil 30 State of Density Resistance Friction
blows to drive Packing (N) (9.) (#)
sampler the 2nd i
and 3rd 6" Tsfaor
e Percent Blows [ ft kefiem? Degrees
Very Laose <20 <4 <20 <30
D 20-40 4-10 20-40 30-35
Compact 40 -60 10=30 40-120 35-40
Denpse B0 - 20 30-50 120200 4045
| Very Dense =&l =80 » 200 > 45

gl

_Split-Barrel

' Drive samplér- SPT ws. Undrained Shear Strength
I g L Soll SPTN 5, (psf) s, (kPa)
P o g Consistency
< ; ; Y Very Soft <4 <250 <12
L 3 S e
£ el Mt e i AT Third - oy, Soft 2-4 250500 12-25
. ; g N o S Sdcond - . .Increment= 6" = .. .~ -
T A e T gk =B P ) Medium 4-8 500 - 1000 25-50
“._ spoon=6" L R e T e Stiff §-15 1000 — 2000 50 - 100
i s A L it #2 ‘.'_,;' G N e Wery Stiff 15-30 2000 - 4000 100 - 200
P L 7 e : o By: Mamal Tawdy, MO, PE.
T, F o R e ap R Hard > 30 > 4000 > 200

Tarzizahi &t al. {12961

See attached SPT video | ¢




Corrections for SPT Field Blow-count (Ng.4)

1- Peck & Bazaraa (1969) suggested
4 N¢

N, = 1+_2(5V For (o, < 1.5 kips/ft?)
4 N _
N, = For (o, > 1.5 kips/ft?)
3.25+ 0.5 0,

o, = Vertical effective stress at the sampling depth (kips/ft?)

2- Peck, Hanson, and Thornburn (1974) proposed

20
GV

Neor = (0.77 log ) (N)) For (o, in tons/ft?)

Amount of_|
removed G,

Example
Nfieig = 40

1 kip = kilopound = 1000 Ib = 4448.2216 Newtons (N) = 4.4482216 kilonewtons (kN)

1 US ton =2000 Ib




Corrections for SPT Field Blow-count (Ngiqq)

Example 1:

Given:
SPT =40 at 20’ in sand
Yeand = 115 Ib/ft3

Find:

Solution:

Using Peck, Hanson, and Thornburn (1974) equation
20

Vv

Cy = 0.77 log (20/5,)

Neor = ( 0.77 log ) (Ny) For (O, in tons/ft?)

o, = (20) (115 )/ 2000(Ib/ton) = 1.15 tons/ft?

Cy = 0.77 log (20/1.15) = 0.955

N, = (0.955) (40) = 38



Corrections for SPT Field Blow-count (Ngiqq)

Example 2:

Given:
SPT =40 at 20’ in sand
Yeand = 115 Ib/ft3

ind:
=?7?

T

Z

cor

Solution:
Using Peck & Bazaraa (1969) equation
o, = [(20)(115) / 1000 (Ib/kip)] = 2.3 Kkips/ft?

Since o, is > 1.5 kips/ft? use
4 N
3.25+0.50,

N, = 4 (40) / [3.25+(0.5)(2.3)] = 36

Neor = For (o, > 1.5 kips/ft?)




|_ Kabel untuk menaikkan

Corrections for SPT Field Blow-count (Ngiq) dan menurunkan beban
. . _ doughnut
Skempton (1986) suggested the following correction for the SPT field blow-cout hammer
Nf [_ Beban
Batang
Em Cb Cr Nf ) o — | _Dudukan beai
Ngg = Assuming 60% hammer efficiency ‘;{ o
i Batang bor dihubungkan
60 (\/ dengan sampler
Palu donut (Donut hammer) Pal
Wh e re :t:: Kabel untuk menaikkan

dan menurunkan beban

E,, = Hammer efficiency (for U.S. equipment, E,= 0.6 for a safety hammer,
and 0.45 for a doughnut hammer). For automatic systems -that lift the

1
Lubang udara
L

Dudukan besi

hammer and allow it to drop unimpeded can deliver higher energy to the axill rods & F safety
with values of E,_as high as 95 percent (ASTM D 6066-96, 2004). hammer
C, = Borehole diameter correction (C, = 1.0 for borehole = 65 to 115 mm i i;‘g;,?f;‘;’m*;‘.‘;’ﬂ” -
diameter, 1.05 for 150 mm diameter, and 1.15 for 200 mm diameter) A
...... Automatic
i § hammer
C, = Rod length correction (C, = 0.75 for up to 4 m for drill rods, 0.85 for 4 to g e

m drill rods, 0.95 for 6 to 10 m drill rods, and 1.00 for rods in excess  of 10 m)

As an average value Ng; = 0.5 to 0.67N; o —

Batang bor dihubungkan
dengan sampler

‘alu otomatik (automatic hammer)



Correction of N Value for foundations in an earthquake zone

engineering, such as liquefaction analyses, the standard penetration test Ng, value is corrected
for the overburden soil pressure, also known as the effective overburden pressure or the

vertical effective stress (G,).
E.,C,C, N

_ _05 N60 =

60
(Npso =Cn Ngo = Neo

Where:

(N 1)60 = standard penetration test N value corrected for both field testing procedures and
overburden pressure

Cy= correction factor to account for the overburden pressure, and it is approximately equal
to (100/5,)°> where o, is the vertical effective stress, in kPa.

Suggested maximum values of CE range from 1.7 to 2.0 (Youd and ldriss, 1997, 2001).

N60 = standard penetration test N value corrected for field testing procedures.
The Ng, is calculated by using Skempton’s equation.



Relationship between bearing capacity factors, ¢, and SPT

Example
Given: * v

N; =40
T. =120 pcf Sft o
Water Table = 5’ Vg Vel e =
ysoil =120 pCf _ i 3
| | 15 ft
Find: |
Ny, N, and ¢ :
_ f N; =40
Solution: i

o, = {(5)(120)+[15(120-62.4)]}/2000 Ib/ton =

= ton/ft2
Neor = CyN;=0.77 log (20/ ) =
Nq’ = Ny = (I) =

Curves showing the relationship between bearing capacity factors and ¢, as
determined by theory, and rough empirical relationship between bearing
capacity factors or ¢ and values of standard penetration resistance N.

Peck et al. (1974)

140

a0

70
60
50

S

=

10
0

_Wery Loose Very Dense

/ Loose \\
ﬁ Medium Dense Y 4

-

\\

28 30 32 34 36 38 40 42 44
Angle of Internal Friction, ¢ (degrees)

Standard Penetration Resistance, N ( Blows/ft)



Geotechnical Investigation

Cone Penetration Test (CPT)

The most common type of mechanical penetrometer is the Dutch
mantle cone and is abbreviated CPT.

The cone is pushed into the soil to the desired depth (initial position) and then
force is applied to the inner rod, which moves the cone downward into the

extended position.
INITIAL POSITION

The cone is pushed into the soil at a rate of about 2 to 4 ft/min (10 to 20

mm/sec). The required force to move the cone into the extended position B |
divided by the horizontally projected area (10 cm?) of the cone is defined as o |3
the cone resistance qC , also known as the cone bearing or the end bearing : i E
resistance. & ez T
By continually repeating the two-step process 2to | J
4 ft/min !
shown in the figure, the cone resistance qc 5 |4 /32 5mm
obtained at increments that ordinarily S

do not exceed 8 in. (20 cm).

EXTENDED POSITION



Cone Penetration Test (CPT)

ju,=u,=
shoulder

porous
filter
element
made of

prrrrrd A plastic,

Eu‘mwrt:' T ceraric, or
re==u sintered
q,= comected  (behind the tip). porewater metal

tip stress presaure
10-cm® Friction-Type 10-cm® Standard 10-cm® Type 1 15-em’ Type 2
Cone Pencirometer Piezocone Piezocone Piczocone Penctrometer

Friction Standard Type 1 Type 2
CPT Piezocone Piezocone Piezocone



Cone Penetration Test (CPT)

Special features of the cone penetration test are as follows:

1. Cone resistance versus depth.

A considerable amount of work has been performed in correlating cOne resistance Qe
with subsurface conditions. Figurel presents four examples, where the cone resistance (. has

been plotted versus depth below ground surface. The shape of the cone resistance (. plots
versus depth can be used to identify sands, clays, cavities, or rock.

cone resistance (q )

|

»
<————— surface sand layer
‘erust'

cona resistance (q,)
.

cane resistance {q)
|

sy NC Clay

surface sand, med-dense

sand layer
i< or packet

Sand
|

dense sand layer ¢
cemented sand

sand

NC clay layer continued

i) NC Clay

very loose sand
or cavity

A 4

Sand
depth

depth

Figurel: Simplified examples of CPT cone resistance qc versus depth, showing
possible interpretations of soil types and conditions. (From Schmertmann, 1977.)



Cone Penetration Test (CPT)
Special features of the cone penetration test are as follows:

2. Friction ratio.
The figure below illustrates the two-step process that can be used to obtain the soil friction along

a side sleeve fS'

1- In the first step, the cone resistance is obtained (g,
2- in the second step, the cone plus sleeve friction is determined (q, + f.)
3- Subtraction gives the sleeve friction (f.)

The friction ratio (FR) can then be calculated, defined as FR = sleeve friction (f5) divided by

cone resistance = (f;/q. )X100. By knowing the friction ratio (FR) and cone resistance (., the
type of soil can be estimated by using Fig. 2.

0

& J L T
Fu‘ i |
10 R e (— - I
Test sequence § E— / }
: 5 : After the penetrometer is at test i | {| 1

o depth, thrust on the inner rod ~ 2 - ~ |- N '
Friction —4 advances the cone for 30 mm. Next = Y | |
slesve the cone and the friction sleeve E |
are advanced together for readings W[t S — \\ .

E -, 4 of cone bearing and soil friction. | \\D I l
Py | / I '-/ | ‘
Cone - r:j 4D||—‘— _ i i - <h I }
Cone only = 1 i |
advances - S| > | | /P ‘ ‘
A ! !

v Cone and friction 0 10 20 30 40 50 0 1 2 3 0o 2 4 B 8 10 12

v sleeve advance Cone Resistance (tons/ft’) Friction Resistance {tons/ft?) Friction Ratio (%)
% Cone Resistance  Friction Resistance Friction Ratio

JUL

Test sequence for obtaining the sleeve friction from the Dutch cone penetrometer and an example of the test data plotted versus
depth.



Cone Penetration Test (CPT)

Figure 2: Guide for estimating soil
type from Dutch mantle cone

Steps:

1- Enter chart with cone resistance g,
and friction ratio

2- FR = sleeve friction divided by
cone resistance = (f;/ q.)x100.

(From Schmertmann, 1977)

1000

O
O

Dutch cone resistance (gg), in tsf or kg/em?

8
B

NOTES:

1. Expect Some Overlap in the Type of
fones Noted Below. Local Correlations

4 are Preferable. =
2. Developed from Work of Begemann
{1865) and Based on Cormrelation in
Morth Central Florida.
2
Dense or SILT-SAND
Cemented MIXTURES /
100 | g —4-———tH=="d=—=5 —
aba CLAYEY-SANDS
6 E o 2TOSTS SANDY AND SILTY /
= SAND ’ CLAYS
a INSENSITIVE
4= Z NOMFISSURED 1
i INORGANIC
- / CLAY
¥ |
T
2_”:'_______ = Very Stiff
; =<
g Loosze = o
/ Siiff >,
10 1 —=——
g / Medium / ] S
6 L _ / ORGANIC |
T CLAYS & MIXED
- S0OILS
Soft
4
Friction Ratio Values Decreaselin |“‘ e
Accuracy with Low Values of g and
When Within a Few Feet of the|Surface. Very Soft
5 1 L1 1
0 1 2 3 4 5 6 7

Figure 2:

Friction ratio (FR). in percent

FR



Cone Penetration Test (CPT)

Other Cone Penetrometers.

f, = sleeve
friction

Besides the mechanical cone, there are other types wmn
of cone penetrometers, such as:

Electric cone. A cone penetrometer that M
uses electric-force transducers built into the

apparatus for measuring cone resistance

and friction resistance. 10-cm* Friction-Type

Cone Pencirometer

Piezocone. A cone penetrometer with the additienal
capability of measuring pore water pressure
generated during the penetration of the c

Special devices. The cone can even be [ o7
equipped with a video camera to enable |

the type of soil to be viewed during the
test (Raschke and Hryciw, 1997). Biologically Active Zone

Anaerobic Zone

15-cm® Type 2
Piezocone Penctrometer




Cone Penetration Test (CPT)

A major advantage of the cone penetration test (CPT)

- It provides almost a continuous subsurface record of the cone resistance (. and fs

This is in contrast to the SPT, which obtains data at much larger intervals in the soil
deposit.

Disadvantages of the CPT are that soil samples cannot be recovered and special
equipment is required to produce a steady and slow penetration of the cone.

Unlike the SPT, the ability to obtain a steady and slow penetration of the cone is not
included as part of conventional drilling rigs.

Because of these factors, in the United States, the CPT is used less frequently
than the SPT.



Seismic refraction (for large areas)

Recorder

FHeceivers Transmitter
(Geophones) (Source)
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Ground Penetration Radar (GPR)
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Geo-electrical Profiling using Electrical resistivity or D.C. Resistivity Method
Good for

. Current Current
sensin g Source . Meter
buried wastes
and waste

migration

/ Current Flow
Current P l \ Through Subsurface

“oltage

Schematic lllustrating Basic Concept of
D.C. Resistivity Crew In Operation Electrical Resistivity Measurement
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Rotary core barrel

Short upper sub

NN - -
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SO Y
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‘. Drop ball valve:
= Body
Byt Ball

Working barrel
Inner barrel

Coring bits are commonly 1.75 to
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Lowwer seciion 5.25 inches in diameter.
Upper catcher . .
oe Diamond or Tungsten carbide insets
~/(A)} Lower catcher ) ]
s on rotary coring bit.
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2% Cutter head




Core recovery parameters describe the quality of core recovered from a borehole.

Total core recovery (TCR)

TCR is the borehole core recovery percentage. o
TCR is defined as the quotient: L= 38 cm
Z Lsum of pieces f L= |T em
% TCR = ( ) x 100 | SO
I—total core run a La O §
as no cenferline pisces 3
longer 1I'Tn 0 em &l
L .. =3Sum of length of core pieces 1T .
sum of pieces g P L= 20 em %
L otal core run = t0tal length of core run P =
L= 43 cm |-§.
(.mﬁ.
Break Coused L=0D
By Drilling Mo Recovery

Proceas



http://en.wikipedia.org/wiki/Borehole

Core recovery parameters describe the quality of core recovered from a borehole.

Solid core recovery (SCR)

Solid core recovery (SCR) is the borehole core recovery p R
cylindrical, pieces of rock core.
L= 38 cm
SCR is defined as the quotient: T g,
L= IT cm
L=0Q
L m of solid core pi o8 no centerline pisces
SCR = ( 2UM 07 30710 COTE D eces) x 100 longer than 10 em
Liotal corernn . faEeee 1
L= 20 cm
L= 43 cm
(ﬂhﬁl
Break Coused L= 0

Procaas

Core Run Total Langth = 200 cm
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Rock Quality Designation (ROD) Factor
Developed in 1964 by Deere

Rock-Quality Designation (RQD) is a rough measure of the degree of jointing or fracture in a rock mass, measured as a

percentage of the drill core in lengths of 10 cm or more.

Z Lsum of 10cm

3 x 100

RQD =

total core run

L = Sum of length of core sticks longer than

10 cm measured along the center line of the core

sum of 10cm

From the RQD index the rock mass can be classified as follows:

Rock mass
R0 quality
<25% Very poor
25-50% poor
50-75% fair
75-90% good
90-100% excellent

.

——— e ——

Break Coused
By Drilling
Procaas

38 om

I'T cm

L= Q)
os no cenferline pisces
longer than [0 em

43 cm

L=0
Mo Recovery

B st end]

Core Run Total Langth = 200 cm




Rock Quality

0.8 ft Sound

Not sound, highly weathered

Length, L
o
>

highly weathered
0.6 ft Sound
0.2t ~ Not sound Core Run
0.7 ft Total = 4 ft

CR =95% RQD =53%

Not sound, centerline pieces < 4 inches,
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Geotechnical Investigation

MEASUREMENTS OF MATERIAL PROPERTIES

Soil Properties

1. Physical properties
2. Index Properties
3. Hydraulic Properties

4. Mechanical Properties




MEASUREMENTS OF MATERIAL PROPERTIES

Methods of Measurement

1- Laboratory Testing Methods

2- In-Situ Testing Methods

3- Empirical Correlation's
Terzaghi & Peck (1948): Cc = 0.009 (w. — 10%)

Skempton (1944). Cc 0.007 (W, — 7%)



MEASUREMENTS OF MATERIAL PROPERTIES

Methods of Measurement

1- Laboratory Testing Methods

- Provide better control over the boundary conditions
- Different parameters can be determined individually or in
combination

- Results can be produced



MEASUREMENTS OF MATERIAL PROPERTIES

Methods of Measurement S i

Furmping

2- In-Situ Testing Methods

1.
2.
3.
4.

In-Situ testing methods are used to determine:

Measurements of properties for large soil masses
Less disturbance
Measurements under real field conditions

Can be performed during site exploration (SPT & CPT)

1- Hydraulic properties (Wells)
2- Mechanical properties (SPT, CPT, Vane Shear Test,
Pressuremeters, CBR) (See Table 3.20)




MEASUREMENTS OF MATERIAL PROPERTIES

Solil Properties

1- Physical properties: Used to describe the soil. These properties are
incorporated with the soil classification systems, and in
some cases they are related to the mechanical properties

- Specific gravity
- Grain size

- Density (Saturated, Partially saturated, submerged, minimur$ L
maximum, relative, optimum moisture content) Phase Diagram
- Porosity

- Degree of saturation
- Void ratio

- Moisture content

- Hardness (for rocks)
- Durability (for rocks)

- - = - — . ]1 i
- Reactivity (for rocks) i i Dry Soil
Soil Soil

Adr

)

Solids




MEASUREMENTS OF MATERIAL PROPERTIES

Soll Properties

2- Index Properties: Used to classify the soil or to correlate with the
mechanical properties.

- Atterberg Limits or Consistency Limits (LL, PL SL)
- Moisture Content vs. Unit Weight Relationship (Compaction)

- Grain Size Distribution

- Relative DenSity Dr Grain Size Distribution
Sieve Test
Proctor Test @tﬁ! 3: o
‘ ‘:' :? Hydrometer l};%rlf‘r;\eter
%‘c .| d
1420 — ;
Relative Density D, i, w1k
— - - _ _iﬂi;_ *_Ed :77
. Hydrometer Jar
A ————
Water In the jar
-




MEASUREMENTS OF MATERIAL PROPERTIES

Soil Properties

3- Hydraulic Properties

- Permeability or Hydraulic Conductivity (k)
- Infiltration Rate

Double Ring Infiltrometer

o
b




MEASUREMENTS OF MATERIAL PROPERTIES

Soil Properties

4- Mechanical Properties: To describe the behavior of the soil under different types |
stresses ___g” e

-Deformation Moduli — Young's Modulus (E) & Shear Modulus (G)

-Consolidation (C, C, C,, P, m, K)
-Strength (c, ) Unconfined Compression
Direct Sheatr,
Triaxial Compression

-California Bearing Ratio (CBR) or

-Lime Rock Bearing Ration (LBR)
used for pavement design

Uné&antined

, = |
£ompres [o]] i
L)
'“j - Triaxial Compression !




MEASUREMENTS OF MATERIAL PROPERTIES

Methods of Measurement

3- Empirical Correlations

- Correlations are usually based on basic or index properties

- These properties are correlated with the mechanical & hydraulic properties

- Used to provide basis for all engineering analysis
- Reduce the cost of geotechnical investigation

- Presented as ----- Tables, Charts, and Equations

For example Beyer formula for coefficient of permeability (k) e

& 80
g 70

K = C . (d10)2 7 80

T 50

Where : w0

= 4.5x1073 log =222 £

S 10%:

= Uniformity coefficient = dgy/d;, Passing

dyg = Effective diameter (mm)

§ra

0.01 d 0.001
Grah size (mm) 10



Reporting Geotechnical Investigation

Both an adequate geotechnical investigation and a comprehensive

geotechnical report are necessary to construct a safe, cost-effective project.

While the geotechnical report content and format will vary by project size and
highway agency, all geotechnical reports should contain certain basic essential

information, including:

Cover letter and Executive summery
Scope of the Project

Site Description

Proposed Construction

a bk DN PE

Summary of all subsurface exploration data, including subsurface soil profile, exploration

logs, laboratory or in situ test results, and ground water information;

6. Interpretation and analysis of the subsurface data; Specific engineering recommendations
for design;

7. Discussion of conditions for solution of anticipated problems; and Recommended

geotechnical special provisions.



Geotechnical Report Production

o
ooy

i
|
L]

=
5l .

N - I .

projact. ease o us 1 you nave any questons -
regaroing i report.

Sreermly,

‘SCHNABEL ENGINEERING CONSULTANTS, INC.

e o R

ez i

|
L
i

— Nt 55
L= T F—
- =5
Dunbar MIDY Wiikams Fiman & Vaugnan
Erac

ws
At ScoR Caapman, PE




Elevation 565
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Geotechnical Report Production

B-1

LR R
'l
o

L
.
N,

RN

) —
O s W N

—

P

3
I

(%]
'y N

12 .

B-2

Proposed
Foundation

i
d .
,:‘ r 1 g L,
e ¥ 5

e e e e

e

o e e e

B-3
Ground Surface

- I
= L ] By
E - .
b
o -’-ﬂﬂ e |
.- s
R R
e il._l:.i
=

L

0

R
N
.

“die 2@, Sand and~ 30
o : '...._‘:'- I:i GI"E"-I’E" :: .I'.I.'\-I

LwL RN 21
20 .. End nfBﬂring_Eﬂ

E :_--E!Ed-rnc:-k o

Medium Dense Sand

: N@}”‘h@

R

B-4

WL

®

Limestone
Core Sample

@, ... =Top Soil, Stiff Gray Clay, ...

- Refusal

.. = Standard Penetration Resistance (Number of Blows/ft)



Geotechnical Report Production

1- Map of the Project Location




Geotechnical Report Production

2- Boring Locations
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3- Boring Log:

SPT field value

p—
Elavation | Stratum Sample | Sample | Secil | Penetration
(ft-msl) Depth Visual Soil Description Depth | Recovery | Sym. N &0 Fham;:::;:: e
+182.2 () (ft) (in) K | (blowss)
+180 03 Top soil, grass, and roots
SOII descrlptlon\ o E::I:m"":siﬂilm fine 5.0 16 T [24344)
and ——9 R
Soft blue-tan clayey SILT Ry
g H +1T0 12.0 16 SELrLEY 3 [o+2+1)
MH S
classification e o > Groundwater
. 5.5 foot jm—
be=T"" Eirm yellow-tan clean lo Zw =1
—| slightly silty fine SAND (SP to ow. & 20}
SP-SM} [11+14
+160
21.5
Sample depth
-tan clean fine to
/ medium SAND (S5P) [#13415+13)
4 00 .
Loase white to yellow slightly
silty medium to coarse SAND
(5P [+2+342)
30.0
+140 Very stff green fine- m
sandy CLA 1] [+10+10+10)
45,5 /
+130 {+6+748)
Stiff green-gray silty to sandy
CLAY (CL)
80.2
Dense white medium SAND B35 10 42 [+20422420)
+120 (S2) with shells
B4.0
REFUSAL at 64 feat
Griler:
Soll Symbels K (Unified Soil Classification System) Orher Symbols Bonng Number. AGE-1
T Wiater Date Dnited: Qct28/2001
Lavel Job Numbar 32335
Site Locabon:
Water Table Fioiga
Test Method: ASTM D 1586
Hammer Type:| Diedrich Automatic
Notes: (ER =82%)
M = Penatration in blows per foot (ASTM D-1588) Sampier| Drive (split-barred)
Mg = (E«BO) * Nmggaures = Energy-Cormrected N-value Drilling Method: [Hollow Stem Augers
E;= Energy Efficiency of Hammer Used Make of Driling Rig-| CME-850
{truck mounted)

Geotechnical Report Production

ENGINEERING SOIL TEST BORING RECORD

ER = energy ratio per ASTM D-4633




3- Boring LoQ:

Soil description
and classification

SPT field value— |

i

R

Bottom of Boring at 15.5 ft.
Auger refusal at 15.5 ft.

TEST |Project: Oak Grove Elementary School Replacement Boring Number: B-16
| " BORING 2406 Webber Avenue Contract Number: 10613074
LOG Richmond, Virginia Sheet: 1 of 1
Contractor: Ayers & Ayers, Inc. Grogdndwater Observations
Powhatan, Virginia ate Time Dep Casing | Caved
Contractor Foreman: J. Ayers
) Encountered Ll --- Dry --- —
Schnabel Representative: P. Johnston
Equipment: CME-45B (Truck) Completion 825 |T&3AMT Dry — -
Method: 2-1/4" |.D. Hollow Stem Auger Casing Pulled 8175 0-15 AM Dry . a0
Hammer Type: Safety Hammer (140 Ib) I
Dates Started: 8/25/10 Finished: 8/25M0 Samp e
Location: See Location Plan
Ground Surface Elevation: 67+ (ft) Total Depth: 1551t
EPTH MATERIAL DESCRIPTION symeoL| VIS SAMPLING TESTS REMARKS
DEPTH DATA
N,
\ y MC=126% |FILL
T i i LL =32
| B i PL=16
MC =135%
FILL A % Passing
T B 7 #200=635
7o CLAYEY SAND WITH GRAVEL, fine to PLEISTOCENE
| coarse grained sand; moist, gray TERRACE
T 90T SILTY SAND, fine to coarse grained | RESIDUAL
_| sand; moist, orange and black, |-5+8)
_____ | - estimated 10-15% rock fragments_ _ _ _ _ |
5/_—(
b B _VS-S.SPT
15+18+28
155

Borina backfilled with cuttinas upon completion.




ELEVATION (ft)

4- Profile of Soil Layers:
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ELEVATION (ff)

Geotechnical Report Production

4- Profile of Sail Layers:
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4-

Profile of Soil Layers:
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6- Soil Testing Results

Appendix
Summary Of Laboratory Tests _ Sheet 1 of 1
Project Number: 10613077
Sample =
Depth 5 28 g
Boring f Sample Description of Soil = = 5 s Ef ﬁ EE e "E
= = = - O = =5~
o Type Specinen IEHEHREIEIF IR RE
- = = = ) - - -
Elevation E|83| = | g |8 |98|8c|22|25|55|235) & |3
39 8‘ 0 0 o . [ ® =Cc Eo £ e e e
52| 5|2 |8 |98 |9s|88|583|82/83|8 |8
20- 35 SILTY, CLAYEY SAND (SC-SM), fine to
B-03 Jar | coarse grained sand, brown At | 94 | 22 | 18 4 | 212 | 770
127.0-1255
20- 35 CLAYEY SAND WITH GRAVEL (8C), fine
B-05 Jar | 1o coarse grained sand, brown At | 121 | 44 | 19 | 25 | 341 | 578
126.0- 1245
0.0- 15 SANDY LEAN CLAY (CL), brown
B-11 Jar At | 198 | 40 | 23 | 25 | 504 | ma2
122.0- 1205
0.0- 7.0 SANDY LEAN CLAY (CL, A-7-6), brown 1100 | 154 | 07 | 131
B-14 Bulk Bt | 180 | 40 | 21 19 | 500 | 985 | 1004 | 158
118.0-111.0
0.0-7.0 SANDY LEAN CLAY (CL, A-7-6), brown and 1058 | 17.7 1.2 8.1
B-16 Bulk |gray At | 139 | 41 | 21 | 20 | 539 | 993 | 1060 17.3
132.0-125.0

SR RIS AT S B WE AT




5- Sail Testing Summery

111.0 BO
—y =
_ @ | a
110.0 .
v
A\ ED L .-""‘f-
109.0 4 "_/
k) b
T i /
A z
1080 X W >
0 14 [~
\ i
107.0 2 /
'\.l‘ i [+
_ - /_,/
L106.0 - - 20 =
3
= = 1\ A L~
i
i, [ i -
-1 05.0 3 ol
i — — (M5 <
f 0 o 5 i -
nen v 0 20 a0 B0 B (]
N A LA LIMIT
10e.0 \' kY PLOTTED [ TA REPRESENTS SOIL PASSING NO. 40 SIEVE
* Spacimen LL | pL | @1 |Fines| Description
J— '-.‘ [ =as a0f| 22 | 18 | @ | 21 | FLTE CLAYEY SAND{EC M. n s coarss grarmd sand
CLAVET SARDTWITH GRAVEL (5. fina w ooars prained sand
— K oos aof| s [ 10| | a [0 B
101.0 - al B-11 an0f| 49 | 23 [ 25 | 5o | SANDVREANCLARICLL trawn
% .
A oot a0 | 21 | 13 | 5o | SAMDYLEAN CLAY(CL AT-BL trown
100.0 0
b= oot a1 | 21 | 20 | 51 | SAMDYLEAN CLAF(CL A7-8L brown and gray
a0 | . 208 51 | 25 | 23 | 53 | SAMDYFAT CLAYICHL trown nd gray
12 14 1B 18 20 22 24 ]
WATER CONTENT. % !
P Sa——— . 5
Sample DesCrpion:  SAKDY LEAN CLAY [CL, A7-5], biown Assumed Speciic Gramty. 261 ]
and gy Max. Dry Density (po) 1046.0 g
Col. Molsture (%) 173
Sample Surcs: B-16,0.01 ;
Tast Mathods: WTMA §
f
Liquid Limid {LL): 41 Comments: Bulk sampie off augers from O 1o 71t i
Plasticiy Index (P1): 2D |
% Aelainad #4 Save [

% Passing # 200 Sieve: 539
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