Presented by Meghan Lester, PE
Geo-Technology Associates, Inc.




Using the Cone Penetrometer to Supplement
Subsurface Exploration Programs

= Review Purpose of Geotechnical Site Characterization

= Review Standard Penetration Test Procedures

= Introduce Cone Penetrometer Test and Benefits of Tool




Purpose of Geotechnical Site
Characterization

= Characterize the stratigraphy and general characteristics of soil and rock, including
how these characteristics vary across the site

= Establish appropriate and reliable values for required design parameters and
characterize groundwater conditions for design

= ldentify and characterize hazards that may impact design, construction and
performance




Minimum Number and Location of Exploration Points Minimum Depth of Exploration




METHODS OF GEOTECHNICAL EVALUATION




STANDARD PENETRATION TEST BASICS
ASTM D-1586 and AASHTO T-206
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Typical Exploration Log

PROJECT:
PROJECT NO.
PROJECT LOCATION:

DATE STARTED:

DATE COMPLETED:
DRILLING CONTRACTOR:
DRILLER:

DRILLING METHOD:
SAMPLING METHOD:

LOG OF BORING NO. BH-12 Sheettoft

x 2 >
Bayhealth New Health Campus WATERLEVEL () = _10.0 = 9.8 -=<BOC
150531 DATE. _ 4M0A5 _ _4ioAs
Milford, Delaware CAVED (ft InAugers 130

4/10/2015 WATER ENCOUNTERED DURING DRILLING (ft) 10.0
4/10/2015 GROUND SURFACE ELEVATION: 32

GTA DATUM: Google Earth
D. Hans EQUIPMENT: CMES50X
Hollow Stem Auger LOGGED BY: T.Hill

Split Spoon CHECKED BY: M. Lester

DEPTH (ft)
SAMPLE

NUMBER
SAMPLE
RECOVERY (in.)

SAMPLE
BLOWS/B inches

N (blows/ft)
GRAPHIC
SYMBOL

ELEVATION (ft)
DEPTH (ft)

DESCRIPTION REMARKS

1-2-32

Tilled agricultural land +/- 8 inches
Brown, moist, very loase, Silty SAND

2122 | same, very loose

1-2-3-6 14l Light brown, moist, loose, Silty SAND

5-8-10-10

Same, trace clay lenses

1-2-2-4

Gray, wet, soft, Sandy Lean CLAY

Orange, wet, loose, Silty SAND

Gray, wet, medium stiff, Lean CLAY with Sand

Gray, wet, soft, Sandy Lean CLAY

Light brown, wet, loose, Silty SAND

Light brown, wet, loose, Poorly-graded SAND with Silt

Same, orange and brown, contains gravel

Same, medium dense

Same, loose, trace gravel

Same, some gravel

Boring terminated at 50.0 feet

NOTES: Location and elevation should be considered approximate.

GEO-TECHNOLOGY LOG OF BORING NO. BH-12
ASSOCIATES, INC.

18 Boulden Circle, Suite 36
New Castle, DE 18720




Is this list too long?

TABLE 2.5 Factors that can Affect the Standard Penetration Test Results

Factors that can affect
the standard penetration
test results

Comments

Inadequate cleaning
of the borehole

SPT is only partially made in original soil. Sludge may be trapped in the sampler and compressed
as the sampler is driven, increasing the blow count. This may also prevent sample recovery.

Not seating the sampler
spoon on undisturbed
material

Incorrect N value is obtained.

Driving of the sampler
spoon above the
bottom of the casing

The N value is increased in sands and reduced in cohesive soil.

Failure to maintain
sufficient hydrostatic
head in boring

The water table in the borehole must be at least equal to the piezometric level in the sand; otherwise
the sand at the bottom of the borehole may be transformed to a loose state.

Attitude of operators

Blow counts for the same soil using the same rig can vary, depending on who is operating the rig
and perhaps the mood of operator and time of drilling.

Overdriven sample

Higher blow counts usually result from overdriven sampler.

Sampler plugged Higher blow counts result when gravel plugs the sampler. The resistance of loose sand could be
by gravel highly overestimated.
Plugged casing High N values may be recorded for loose sand when sampling below the groundwater table.

Hydrostatic pressure causes sand to rise and plug the casing.

Overwashing ahead
of casing

Low blow count may result for dense sand since sand is loosened by overwashing.

Drilling method

Drilling technique (e.g.. cased holes versus mud-stabilized holes) may result in different N values
for the same soil.

Not using the standard
hammer drop

Energy delivered per blow is not uniform. European countries have adopted an automatic trip
hammer not currently in use in North America.

Free fall of the drive
weight is not attained

Using more than 1.5 turns of rope around the drum andfor using wire cable will restrict the fall of
the drive weight.

Not using the correct
weight

Driller frequently supplies drive hammers with weights varying from the standard by as much as
10 Ib.

‘Weight does not strike the
drive cap concentrically

Impact energy is reduced, increasing the N value.

Not using a guide rod

Incomect N value is obtaned.

Not using a good tip on
the sampling spoon

If the tip is damaged and reduces the opening or increases the end area, the N value can be
increased.

Use of drill rods heavier
than standard

With heavier rods. more energy is absorbed by the rods, causing an increase in the blow count.

Not recording blow
counts and penetration
accurately

Incormect N values are obtained.

Incorrect drilling

The standard penetration test was originally developed from wash boring technigues. Drilling
procedures which seriously disturb the soil will affect the N value, for example, drilling with
cable tool equipment.




ASTM D-3341 & ASTM D-5778




Electronic Friction Cone and
Piezocone commercially available
and use with increased regularity
because of flexibility, speed and
continuous profile
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TYPES OF CONES

q. = measured
tip Stress

10-cm® Fricton-Type
Cone Penctrometer

qQ, = cormeched {behind the tp)
tip stress

10-cm?® Standard
Piezocone

10-cm® Type 1
Piezocones

pPOorous
filter
element
msade of

fplastiq,

15-cm?® Type 2
Picezocone Pencirometer
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Pushing the Cone



Sleeve and Tip Resistance

= Sleeve Friction

Load cells in sleeve about four inches
from tip

Measure average skin friction as tip
and sleeve are advanced

Sleeve Resistance is related to friction
of the horizon being penetrated

= Tip Resistance
= Load cells located directly behind tip

= Cone forces passive failure when
pushed and the cone can sense soil
resistance about 8 inches ahead of
advancing tip

= Tip Resistance is related to undrained
shear strength of saturated cohesive
materials



Additional Cone Parameters

= Friction Ratio
= SKkin Friction/Tip Resistance
= Used in classifying soil by its reaction to the cone being pushed through soil
= Low Ratios tend to indicate granular soils

= High Ratios indicate clayey soils

= Pore Pressure
= Measure in-situ pore pressure
= Measured in static or dynamic modes

= Differential pore pressure also used in classifying soils

= Dissipation test can be performed at any required depth




Geo-Technology Associates, Inc.
18 Boulden Circle, Suite 36

New Castle, Delaware

(302) 326-2100 Fax (302) 326-2399

CPT: BH-11

Total depth: 50.20 ft
Surface Elevation: 30.00 ft

Project: Cone Type: Hogentogler
Location: Cone Operator: K. Kozak/ D. Hans
Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
> { Sity sand & sandy silt
2 \ 2 ? 2 Clay & silty clay
4 ™ 4 4 Sand & :ilh,l sand
3 ? 6 6
8 <> 8 8 3and & silty sand
10 10 10
12 12 12 T h 4 Silty sand & sandy-silt
14 > 14 14 Sand & silty sand
:r‘ { Silty sand & sandy silt
164 164 16 Silty sand & sandy silt
Silty sand & sandy silt
18+ - 18+ 184 Siﬁy sand & sandy silt
Silty sand & sandy silt
20 L 20 20 Silty sand & sandy silt
1._,\22 — EZZ— —~22 h‘e. = Sitty d & sandy sift
P S5, -< S,y — = Clay & silty clay
< < = E Clay & silty cla:
B 264 a6 — a6 ‘é :i}/a s e i
Qg Fdl 8 58 r 8 28 \ a Sand & silty sand
{ S \J Silty sand & sandy silt
304 T ]
30 30 L Sand & silty sand
32 32 S 32 \
34 > 34 34 >
36 s; 36 36
38 a‘ 38 38
40 > 40
/’ Sand &|silty sand
42 42 42
44 4442 4
46 < 46 46
48 : 48 48 \
50 T T = : S04 r T T r L e L B I — T
50 i00 0 2 4 6 8 10 0 5 101520 2530 35 40 1 2 3 4 0 2 4 6 8 10 12 14 16 18
Tip resistance (tsf) Rf (%) Pressure (psi) Ic SBT SBT (Robertson, 2010)
SBT legend
[l 1 Sensitive fine grained [l 4 Clayeysittosity clay [T 7. Gravely sand to sand
[ 2- Organic material [0 5. silty sand to sandy silt [ . very stiff sand to clayey sand
Il 3- Clay to silty clay [ &. clean sand to silty sand [ 5. Very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 5/18/2015, 9:14:10 AM
Project file: 5:\2015 Job Numbers\150531 Bayhealth New Health Campus\CPT\150531 Bayhealth CPT.cpt
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Gea-Technology Associates, Inc.
LOG OF BORING NO. BH-12 Sheet 1of 1 18 Boulden Circle, Suite 36 CPT: BH-11

PROJECT: Bayhealth New Health Campus WATER LEVEL (1) = 100 F 98 EBoC New Caste, Delatare Total depth: 50.20 ft, Date: 4/9/2015
PROJECT NO.. 150531 DATE. __4M0M5 _ _aons (302) 326-2100 Fax (302) 326-2399 Surface Elevation: 30.00 ft

PROJECT LOCATION: Milford, Delaware CAVED (fty InAugers 130
Project: Bayhealth New Health Campus (Cone Type: Hogentogler

DATE STARTED: 4/10/2015 WATER ENCOUNTERED DURING DRILLING (ft) 10.0 N .
DATE COMPLETED: 4/10/2015 GROUND SURFACE ELEVATION: 32 Location: Milford, Delaware Cone Operator: K. Kozak/ D. Hans

DRILLING CONTRACTOR: GTA DATUM: Google Earth
DRILLER: D.Hans EQUIPMENT: CMES550X

DRILLING METHOD: Hollow Stem Auger LOGGED BY: T. Hill Soil Behaviour Type

SAMPLING METHOD: _S; CHECKED BY: M. Lester

o
o
o

Sity sand & sand
Clay & sifty chy
Sond-Bsiky-sand

SAMPLE
NUMBER
SAMPLE
DEPTH (ft)
SAMPLE
RECOVERY (n.)
SAMPLE
BLOWS/6 inches
N (blows/ft)
ELEVATION (it
GRAPHIC
SYMBOL

DESCRIPTION REMARKS

Sand & siity sand

Tilled land +/- 8 inches
11| Brown, moist, very loose, Silty SAND
24222 Same, very loose

1232

Silty-sand-3-sandy
Sand B siky sand
Siity sand & sand,
Sity-sand & sad
Sity sand & sand,

1236 | Lignt brown, maist, loose, Silty SAND
5.8-10-10 Same, trace clay lenses

Gray, wet, soft, Sandy Lean CLAY
Orange, wet, loose, Silty SAND

12-24

Sty 3and & sing,
Sty 3and & sand,
Sity 3and & shnd,
Clay & sitty chy
Clay & silty clay
Clay & sitty clay.
Clay & sitty chy
Sity-sand & sanc|
Sand B siky sand
Sity 3and & shnd,
Sity sand & sind
Sand B siky sand
Siity sand & sand

Gray, wet, medium stiff, Lean CLAY with Sand

Gray, wet, soft, Sandy Lean CLAY

=] e;th ()

Light brown, wet, loose, Silty SAND

Depth (ft)

Light brown, wet, loose, Poorly-graded SAND with Silt

Same, orange and brown, contains gravel

Same, medium dense

Same, laose, trace gravel Sand B siky sand
424 424

444 4

46 46

Same, some gravel

Boring terminated at 50.0 feet
43

48

NOTES: Location and elevation should be considered approximate. 50 50+
T e N e e e L

GEO-TECHNOLOGY LOG OF BORING NO. BH-12 02 46 81012141618 0 10 20 30 40 50

ASSOCIATES, INC. SBT (Robertson, 2010) N0 (blows/ft)

18 Boulden Circle, Suite 368

New Gastle, DE 19720




Benefit of Using CPT for
Subsurface Explorations

= Continuous or near continuous data
= Repeatable and reliable penetration data
= Potential Cost Savings

= Environmental Applications

= No direct human contact with contaminated materials




Geo-Technology Associates, Inc.
18 Boulden Circle, Suite 36 CPT: CPT-1

| | |
New Castle, Delaware Total depth: 83.27 ft, Date: 11/5/2015
(302) 326-2100 Fax (302) 326-2399 Surface Hlevation: 31.00 ft
Project: New Bayhealth Campus Cone Type: Hogentogler

Location: Milford, Delaware Cone Operator: K. Kozak

properties
1.33 ft Pile shaft Group: Group I

= Shaft diameter:
Tip diameter: 1.33 fr Pile tip Group:  Group IA
Unit friction area: 4.178 ft? Pile shaft FOS:  2.00
Tip area: 1.389 ft* Pile tip FOS: 3.00

Cone resistance Soil Behaviour Type Allowable pile capacity
Clay& ityday °
Gy

Clay&siiycay
Sitysand & sanoy siit

Siftysand & sanoy siit
Siysand & oy siit

= Determine subsurface stratigraphy and ﬁzw

SRSy

identify materials present using SBT sl

Siysanssaysit
S sitysand
STdssitysand

= Capable of detecting discrete horizons or i
layers associated

Depth (ft)

= Soft or loose materials

= Discontinuous lenses

s

Sndgsitysand

Siysad &: it
smsm&gg;n
Sragsitysand

= Peat and other organic materials

Sand
Sndgsitysand

» Estimate Geotechnical Parameters e S ra

1
2
Tip resistance (tsf) SBT (Robertson et al. 1986) Capacity (ton)

= Determination of Pile Capacity

Pile group for bearing capacity factor k, Pile group for friction coefficient alpha

* Group I: plain bored piles; mud bared piles; micro piles (grouted under low « Group IA: plain bored piles; mud bored piles; hollow auger bored piles;
pressure); cased bored piles; hollow bored piles; piers; barrettes micro piles (grouted under low pressure); cast screwed piles; piers;

g H H H H « Group II: cast screwed piles; driven precast piles; prestressed tubular piles; barroties
™ e n I I c a I o n 0 I u e I a e o I S driven cast piles; jacked metal piles; micropiles (small diameter piles grouted Croup 18: cased bored piles; driven cast piles
under high pressure with diameter < 250 mm); driven grouted piles (iow Group TIA: driven precast piles; prestresses tubular pies; jacket
ressure grouting); driven metal piles; driven rammed piles; jacket concrete concrete piles

piles; high pressure grouted piles of large diameter * Group IIB: driven metal piles; jacked metal piles

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 11/10/2015, 9:48:36 AM
Project file: 5:\2015 Job Numbers\150531 Bayheaith New Health Campus\CPT\150531 Bayhealth New Cpt.cpt
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Shear Wave Velocity Test
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Geo-Technology Associates, Inc.

18 Boulden Circle, Suite 36
New Castle, Delaware
(302) 326-2100
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Project: Bayhealth New Health Campus Borehole ID: BH-8

Average S signals full graph (L signals)

2 4 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100102 104106 108110
9.0 — 9.00
10.00 — = _— — —— 10.00
11.00 77255 ftfs (3110 ms) 11.00
12.00 b 12.00
1200 —— s . [ e M e I I Y B 13.00
14,00 905/ 13 2.5( ms) 14.00
15.00 — 15.00
16.00 — [ S N S = ——SSSS o0
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24.00 — 24.00
25.00 S M A N — s P 25.00
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31.00 31.00
32.00 924,23 ftfs (3. 10mE) 32.00
33.00 e 1 33.00
34.00-H——————— —— ——— —— — 34.00
35.00 1089.74 ftfs (2.70/ms 35.00
36.00 i Y R v e o I —— 36.00
37.0011— Ppr e — = — == 37.00
38.00 @ 105516 fifs (280 ms) 38.00
39.00 S ] ] 39.00
40.00 s 40.00
41.00 & TS fifs (240 ms) 41.00
42.00 — ——— pm——— e — 42.00
43.00 N 43.00
44.00 1162. 21 ftfs (2.50 ms) 44.00
45.00 o ——— ——— 45.00
46.00 —p—— — 46.00
47.00 1034186 s (300 47.00
P I - [ 48.00
49.00 49.00
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100102 104106 108110
Time (rs)
S.P.ALS. 2007 v.2.0.2.69 - Signal Processing and Analysis Software 1

Project file: 5:\2015 Job Numbers\150531 Bayhealth New Health Campus\CPT\CPT8 Seismic Data.spa




Delaware Bay Dikes Repair and Prevention Project
CPTU Pore Pressure Dissipation Tests
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Considerations

Standard Penetration Test
= Physical samples obtained
= Results operator dependent

= Requires a competent engineer to
coordinate field exploration

= Not particularly suited to evaluate soft
soils and cohesive soils

Cone Penetration Test

= No “ground-truthing” unless done in

combination with test pits or borings

= Desiccated soils may be interpreted as

sand or silt

= Less irregularity, results not operator

dependent

In compacted fills and ground
improvement, CPT can identify density
gradients and variances in stiffness and
shear strength

= Useful in estimating dynamic properties
and shear modulus




Both tools are best when used in
combination, and when a prescriptive
geotechnical program is not employed




Thank You!

Presented by Meghan Lester, PE
Geo-Technology Associates, Inc.




