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Reference Standards for
Exploration Techniques

Table 3-3
Reference publications on in-situ testing (FHWA, 2002b)
Test AASHTO/
es ASTM Reference
Method . .
Designation
SPT AASHTO T206 | FHWA (2002b). Subsurface Investigations (Geotechnical Site
Characterization). Report No. FHWA NHI-01-031, Authors:
ASTM D 1586 | Mayne, P. W, Christopher, B. R, and DeJong, J., Federal
Highway Administration, U.S. Department of Transportation.
CPT, ASTM D 3341, | FHWA (1992a). The Cone Penetrometer Test. Report No.
CPTu, D5778 FHWA NHI-91-043, Authors: Riaund J-L and Miran J., Federal
SCPTu Highway Administration, U.S. Department of Transportation.
Lunne, T., Robertson, P.K_, and Powell, J.J.M. (1997) Cone
Penetration Testing in Geotechnical Practice, E & F Spon.
DMT Suggested FHWA (1992b). The Flat Dilatometer Test. Report No. FHWA
ASTM Method | NHI-91-044, Authors: Riaund J-L and Miran J., Federal
Highway Administration, U.S. Department of Transportation.
PMT ASTM D 4719 | FHWA (1989a). The Pressuremeter Test for Highway
Applications. Report No. FHW A 1P-89-008, Authors: Briaud J-
L, Federal Highway Administration, U.S. Department of
Transportation.
Clarke, B.G. (1995) Pressuremeters in Geotechnical Design,
Blackie Academic & Professional.
VST ASTM D 2573 | ASTM (1988). Vane Shear Strength Testing in Soils: Field and
Laboratory Studies, American Society for Testing and Materials,
Committee D-18 on Soil and Rock for Engineering Purposes,
Philadelphia, PA.




SPT Test Procedure and Types
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Figure 3-22. SPT hammer types, (a) Donut, (b) Safety, and (¢) Automatic (FHWA,

(b)

2006a).

(c)

The SPT was originally developed in the 1900s and

proceeds by driving a thick-walled, split-barrel
(a.k.a., “split spoon”) sampler into the ground
using incremental blows from a drop hammer.
The sampler is driven a total of 18 inches into the
ground. The number of blows required to drive
the sampler the 12-inch vertical interval between
6 and 18 inches is referred to as an N value or
the blow count. The procedure is presented in
ASTM D1586, and a schematic of the SPT is
shown in the following slide.

The SPT provides a disturbed sample of the tested

material and generates useful data that can be
used to correlate to many engineering properties.
Many factors can affect the SPT results, and
there are several vastly superior in situ testing
methods. Nevertheless, the test is still almost
universally referenced and often required in the
United States. One reason for this is the large
amount of historical (i.e., legacy) data available.
Numerous correlations have been published (see
Chapter 8) and their use along with SPT
represents the Standard of Practice in many parts
of the country. (UFC 3-220-10)



140 Ib (63.5
kg) hammer

falling 30 in
(760 mm)

Anvil

Borehole

Standard Penetration Test (SPT)

Per_ ASTM D 1586

MNeed to Correct to a Reference
Energy Efficiency of 60%
(ASTM D 4633)

Drill Rod
(”N” or
ISA LE Type)

Tubse]:
0.D. =50 mm
I.D. = 35 mm
L= 760 mm

Seating
e

No. of blows
per ft

| 6in | &in | 6in |

Hollow Sampler Driven in
3 Successive Increments

N=
\

Split-Barrel
/ (Drive) Sampler

[Thick Hollow

||||||||||||||||||||||

Third Increment

Note: Occasional
Fourth Increment Used
to provide additional
soil material

Standard Drill Rod Sizes

Symbol oD, in*
A 1-5/8
N 2-3/8

*1in=25.4 mm

SPT Resistance (N-value)
or “Blow Counts” is total
number of blows to drive
sampler last 300 mm (or
blows per foot).

Figure 3-20. Sequence of driving split-barrel sampler during the Standard Penetration

Test (modified after FHWA, 2002b).




Advantages and Disadvantages of
SPT Test

Advantages

Disadvantages

» Obtamn both a sample and an N-value

Simple and rugged

Suitable m many soil types

Can be performed i weak rocks

Readily available throughout the U.S.

o Disturbed sample (index tests only)

N-value 15 a crude number for analysis

Not applicable m soft clays & loose silts

High vartablity and uncertamnty

Unreliable m gravelly souls

SPT Tests are
generally corrected in
two stages:

@® Mechanical aspects
of hammer and
boring (borehole
size, efficiency of
hammer, etc.)

@ Overburden

(effective or
intergranular) stress



Correction of SPT Results

The measured N-value 1s the number of blows required to drive the split spoon sampler a distance of
300 mm. The efficiency of the system can be obtained by comparing the kinetic energy, KE, (1.e.,
KE=Ymv?), with the potential energy, PE, of the system, (i.e., PE=mgh). The energy ratio (ER) is
detined as KE/PE. For routine engineering practice in the United States, correlations for engineering
properties are based on SPT N values measured based on a system which 1s 60 percent efficient, 1.e.,
ER=60 percent. The N values corresponding to 60 percent efficiency are termed Ngp. Numerous
correction factors to the measured N-value are necessary because of energy inefficiencies and
procedural variation in practice. When all factors are applied to the field recorded N-value (Nyyeqs).
the corrected value 1s calculated as:

N60= NineasCECBCsCr (Equation 3)

where correction factors are presented in table 9 and include the effects of energy (Cg), borehole
diameter (Cp), sampling method (Cs), and rod length (Cr). As can be noted from table 9, values of

the correction term for energy, 1.e., Cg, vary over a relatively wide range. For this reason, accurate
estimates of Cg are more mmportant than estimates of the other correction factors. More accurate
estimates of Cg should be evaluated by directly measuring the energy ratio (ER) of a particular SPT
setup according to procedures in ASTM D 4633. Commercially available equipment can be used to
perform this calibration. Hammer systems used for standard penetration testing should be
periodically calibrated using the procedures outlined in ASTM D 4633.



SPT Efficiency Correction Factors
(without overburden correction)

Table 9. Corrections to the SPT (after Skempton, 1986).

Factor Equipment Variable Term Correction
Energy Donut Hammer Ce =ER/60 | 0.5 to 1.0
Ratio Safety Hammer 0.7 to 1.2%

Automatic Hammer 0.8 to 1.5%
Borehole 65to 115 mm Cp 1.0
Diameter 150 mm 1.05

200 mm 1.15
Sampling Standard sampler Cs 1.0
method Non-standard sampler l1.1to 1.3
Rod Length | 3to4m Cr 0.75

4 to 6 m 0.85

6to 10 m 0.95

10 to >30 m 1.0

! Values presented are for guidance only. Actual ER values should be measured per ASTM D 4633



SPT Correction Example
(without overburden)

Given Solution

SPT reading 20m below N-value = sum of last
ground surface iw?26= B'?W counts = 15
Regdings: 10 - 15-12 Correction Factors
Using Automatic E. = 80, for automatic
Hammer, 80% efficiency hammer (efficiency of
Borehole diameter = 100 the hammer=80%),
m so C,=80/60=1.333

All other correction
factors C,=C,=C, =1

Rod length at least
: N, = (27)(1 333)(1)(1)
distance below ground (1) = 36 blows/ft (or

surface blows/300 mm)

Find
Corrected N, SPT
reading

Standard Sampler



Correction for Overburden

Since N-values of similar materials increase with increasing effective overburden stress, the
corrected blowcount (Ng) 1s often normalized to I-atmosphere (or about 100 kPa) eftective
overburden stress using overburden normalization schemes. The normalized corrected blowcount 1s
referred to as (N)s0, and 1s equal to:

(N'1)60:C1\' Noo (Equation 4)
where Cy 1s the stress normalization parameter calculated as:

Cn = (P/oyo)" (Equation 5)

where P, 1s atmospheric pressure in the same units as cy,’, and » 1s a stress exponent typically equal
to 1 in clays (e.g., Olsen, 1997; Mayne & Kemper, 1988) and 0.5 to 0.6 in sands (e.g., Seed et al.,
1983; Liao & Whitman, 1986; Olsen, 1997). Figure 11 illustrates a correlation for Cy that 1s used
for sands. There exist several soil specific correlations for Cy, as reported in the literature. Cy may
vary slightly from the general values 1dentified previously, depending upon the specific correlation.



2.5

SPT Correction — —
for Overburden "

CN

\

Applied after the other

correction factors ; -
O N Iy a p p I Ied to a n N 50 | VERTICAL EFFEC.TIVE. STRESS (kPa)
S PT r e SU It . Figure 11. rStlress norn-lahzation parameter, Cy, for sands.
(ﬂ"ll }Ejf} = N cor — ff'\r_-"f *'I“'\'Iﬁf}
| P |
Cy = vf' — <2 (U.S.Units, ksf)
a.
Example o
_ _ 1100 |
Ng, = 20 Cy = /— <2 (81Units, kPa)

\." gL

o, = 2.5 ksf

| | 2 2 |
Cy = (|—= VfQ_'” = (0.89 < 2 (U.5.Units, ksf)
)

(N1)gy = CnNeo=(0.89)(20) = 17.9blows/f1 = 18 blows/



SPT Correlations for Soil Properties

Table 3-9
Soil properties correlated with Standard Penetration Test values (after Peck, et al., 1974)
Sands (Reliable) Silts and Clays (Unreliable)
Neo Relative Density Neo Consistency
0-4 Very loose Below 2 Very soft
5-10 Loose 2-4 Soft
11-30 Medium Dense 5-8 Medium
31-50 Dense 0-15 Stiff
Over 50 Very dense 16-30 Very stiff
Over 30 Hard




Other Field Tests

SPT CPT DMT VST

X

,_--
—__

Figure 3-4. Common in-situ tests for geotechnical site characterization of soils (FHWA,

2002b).



Cone Penetrometer Test (CPT)

Cable o Competer
Eleciric Cone

Penefronefer
with B0 Apex\
d =36 mm (10 cm®)

or

d =44 mm (15 cm?)

1. Saturation of Cone Tip Cavities
and Placement of Pre Saturated
Porous Filter Element.

2. Obtain Baseline Readings for
Tip, Sleeve, Porew ater Trans ducer,
& Inclinometer Channels

Cone Penetration Test (CPT)

per ASTIRD 5778 procedures

1. = sleevefriction I
Readings taken
u, = porewater pressure every 10 to 50 mmt
&, = net area ratio (from triaxial calibration) f.
. - o u
. = measured tip stress or cone resistance .

1},= comected tip stress =g+ {(1-aJu,

Figure 3-26. Procedures and components of the Cone Penetration Test (FHWA, 2002b).

® Direct reading of soill
resistance — both lateral
and direct — is possible
with 280 mm long cone
penetrometer

® Allows considerable
data to be obtained in a
short time

® Does not allow for
sample recovery

® Friction Ratio:
R, = f/q.



Types of CPT Devices and Correlations

Types Correlations
Dutch (Delft) Modulus of elasticity (sands
. d cl
mechanical cone ane © ?ys)
¢ ¢ Undrained Shear Strength
pensiromeier (sleeve and cone
Fugro Penetrometer resistance)
Electrical Cone ==
Danetrometer Soil Classification (since no
_ sample recovery, should be
Plezocone used with another technique
Denetrometer which allows visual
D _ inspection of soil samples
Nnamic cone
y D50

penetrometer



Soil Classification Using CPT

It is important for the reader to understand that CPT procedures do not allow retrieval
of physical samples that can be tested in the laboratory to characterize various

phenomena such as consolidation and shear strength. Thus, it is most beneficial to use
the CPT with another method, such as the boring technique used in the SPT, that
allows the retrieval of physical samples for laboratory testing. Performing the CPT

before sampling in borings will permit identification of the specific depths where
disturbed and undisturbed physical samples should be obtained for laboratory tests.

100,000

10,000

Cone Tip Resisiance

Q.. (kPa)

1000

100

T 1111

L el dd

Ll L Ll

1 2 3 4 5
FRICTION RATIO (%), Ry

Zone q./N Soil Behavior Type

1) 2 sensitive fine grained
2) 1 organic material

3) 1 clay

4) 1.5 silty clay to clay

5) 2 clayey silt to silty clay

6) 25 sandy silt to clayey silt
7) 3 silty sand to sandy silt
8) 4 sand to silty sand

9) 5 sand

10) 6 gravelly sand to sand
11) 1 very stiff fine grained
12) 2 sand to clayey sand

Figure 3-31. A commonly used simplified soil classification chart for standard electronic
friction cone (after Robertson, ef al., 1986).



1

CPT Soil 100,000 y T
Classification 1/
10,000 / 9

Exam le Cane Tip Resisiance ;,/
Given MR e

1000 b~

CPT Result :
q.=19.1 MPa

Rf=1% 0 1 z a 4 5 s r 8

FRICTION RATIO (%), Ry

2

F | N d Zone q/N Scil Behavior Type
Soil classification 1 2 sensitive fine grained
I I 2) 1 organic material
solely based on 3 ’ e
CPT ReSU ItS 4) 15 silty clay to clay
5) 2 clayey silt to silty clay
I 6) 25 sandy silt to clayey silt
SOI Utlon 7) 3 silty sand to sandy silt
: . — 8) 4 sand to silty sand
First: 19.1 MPa . . o
1 9, 1 OO kPa 10) 6 gravelly sand to sand
1) 1 very stiff fine grained
12) 2 sand to clayey sand

Figure 3-31. A commonly used simplified soil classification chart for standard electronic
friction cone (after Robertson. ef al., 1986).



Menard Pressuremeter

Pressuremeter
Test (PMT)
ASTM D 4719

Temporary
Casing

Pressuremeter
Probe

Prebored Hele

Screw Pump:
1. Each Full Rotation of
Piston Cylinder Farces

an Incremental Volume of
Water (or Gas or Qil)

Into the PMT Probe.

2. Measure Corresponding
Pressure at each increment.

Drill Rod

Lower Probe

Into Pre-Bored Hole
and Expand with
Pressurized Water

Rubber Membrane of Probe
Expands as a right cylinder.
Evaluated per Cylindrical
Cavity Expansion Theory.

Plot Pressure versus

Volume Change AV (or
alternatively, Volumetric

Strain or Cavity Strain) to

Find Pressuremeter Parameters.;

At-rest Pressure
Creep Pressure
Limit Pressure

Elastic Modulus

vy Yy

Figure 3-33. Pressuremeter test schematic (FHWA, 2002b).



Marchett: Dilatometer

Calibration s of Membrane Incrernert =i I I

Stiffnessin Air: Hydraulic Fush i "

a4,= 10to 30kPa (suction) = 20 mmfs; Stop

B = 20to 80 kPa (n1ate) to test every 200 *
ram [or 200 mm]

Nbde  both posidtive values

Cona oF

Deilf Rod
~a

Prieurnati cally- Flat Plate
Inflaed Flexible -
Stesl Membrane Tﬂ?‘gﬁm -
d = &0 mm -
: : 95 mm wide H
by 240 mm long —1 hMembrane ﬁ?abnrzg
byr15 mmthick sl S Membrane outward 1.1 mm
1. Initial b
Plan or Foce View Profifa Viaws
2. Push 3. A-reading
4., Breading
FLAT DILATOMETER TEST (DMT) 5. Deflate Rapidly

pg = Lift-off pressure (comected" A" reading)
ps = Expansion pressureicorrected " B" reading)

Figure 3-32. Dilatometer test equipment and procedure (FHWA 2002b).



Vane Shear Test

Vane Push in Vane m Torquemeter
Rods —2 at Bottom of

Borehele el

Four-Bladed
Vane Shear
Device:

Lower Vane
to Bottom of
Prebored Hole
blade
height
PN S g e

i
—> < ? =
borehole ; 4 borehole - %
diameter ; ,J-':" diameters g l
blade width : M i

blade thickness \
1. Insertion of Vane “ 2. Within 1 mln..ﬂ;, rotate 3. Perform an 4. Measure residual
vane at 6 deg./minute; additional 8 to torque for
Measure peak torgue. 10 revolutions remolded case

Figure 3-34. Vane shear test equipment and procedure (after FHWA, 2002b).



Soil Boring Logs

Probably the most common — Soil Borings Should Include:
and thus the most important — Site Location Map

method of communicating the Location of Borings

results of soil borings used w/respect to proposed
Lack of adequate soil borings structure

Is the most common reason Boring Logs

problems arise in construction Laboratory Test Results

of foundations Other Special presentations

Gives a profile of the soil and
rock types and qualities as a
function of depth



Sample Log

Description of
location of boring and
site, and sometimes

conditions during test

SPT or other
sampling results

Phreatic Surface
(water table)

Types of soils,
usually with
classification

11/30/20 8:54:00 AM

LOGO

PROJECT NAME: Example

CLIENT: Example Client

PROJECT NUMBER: 9872020

BORING B1

PAGE 1 OF 1
BORING DEPTH: 44.5 FEET

PROJECT LOCATION: Example Location

DATE STARTED:
DRILLER: ABC

10/5/20

TED: 10/5/20
RIG NO.: 525 (CME 550RT)

BORING METHOD: 3-3/4" Hollow-stem Augers/NWL2 Core

LOGGED BY: DEF

CHECKED BY: GHI

DRY DENSITY W HAND PENE.
(pch) - M
S E o HAMMER od 100 110 i3 [ TORVANE SHEAR
Z |2 | EFFICIENCY: 70% © unc.coup
Q & | 2|aq | DATE 922020 xg}ggg’;’; g (&) VANE SHEAR (PK)
6‘ w Falas g w LIMITS (%) X VANE SHEAR (REM)
DT LS IZE |28 | Neo—-O ¥ € TRIAXIAL (UU)
= @ |ELevATION: 7637 FT g 182|102 il SHEAR
>0 : g z >
o PROFILE DESCRIPTION B2 |2Y(55| 1w om om0 w0 | 10 2 a0 40 | STRENGTHKSF) REMARKS
4 Inches of TOPSOIL 763.4 3 3 T s 5
L LEAN CLAY- Trace Sand- Trace 752/2 se1ld 14| 5 B ‘H v
Organics- Gray- Medium (CL) 760.7 6 Q : :
L 760 Sandy LEAN CLAY- Trace Gravel 6 18 % :
-Brown- Stiff (CL) se2 | 14 | 6 Ie: v
9 L i : :
0 " : Sign |1é
23 : i Lo )
F Sandy LEAN CLAY- Trace Grave i ;‘ : 1@ Direct Shear T_est.
Brown- Very Stiff to Hazgs® 5 Dol e & ™ EFI;(IDI:\ al;glgo- 3?,
sB4|f 12| 9 Q ® v ohesion psf,
I 12 - Unit weight =134 pcf
14 Ny B Cas
r sBs (# 18 | 17 >8 ¢ v
750.7 7 : 1
SANDY SILT- Brown- Moist- 7 g : oAz 45
Medium Dense (ML) 74921 sBe | 18 | 9 o PR v
Sandy LEAN CLAY- Trace Gravel- 7477 12 P I :
Brown- Very Stiff (CL) :
3sT7|f 22 :
Sandy LEAN CLAY with Gravel- . %8 £
- i . 30 145+
Gray- Very Stiff (CL) e i B 8 PN =
743.2 12 T -
5 2 g 45+
sBo |# 18 172 o R v
LEAN CLAY- Trace Sand- Trace P
Gravel- Gray- Very Stiff (CL) 3STION 24 S : [ Direct Shear Test:
5 ‘n : 45+| Friction angle = 29,
sB11|8 18 9 0O : B S v | Cohesion=0 psf, Unit
735.7 1 . weight =131 pcf
Sandy LEAN CLAY with Gravel sei2ld 12 | .30 7
and Shale Fragments- Dark Gray- 5074" &
Hard (CL) 7327 :
sETa 2 | 502"
SHALE- Dark Gray- Moderately
Strong
729.2
[" Uniaxial compressive
strength = 3,850 psi
SHALE- Dark Gray- Unweathered- | Uniaxial compressive
Moderately Strong- Slightly RC14| @ 114 - SRignghB;O;’u%O psi
Fractured- Slightly Rough e
7192 [ Uniaxial compressive
END OF BORING AT 44.5 FEET. strength = 3,630 psi

GROUNDWATER & BACKFILL INFORMATION

¥ DURING BORING:
¥ AT END OF BORING:

BACKFILL METHOD:  Auger Cuttings

DEPTH (FT) ELEV (FT)
13.0 750.7
20.0 743.7

NOTES: 1. The indicated stratification lines are approximate. The in-situ transitions between materials may be gradual.
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CREATE

CONTRACTOR _ACME Drilling, Inc. SM HOLE BAF-2

REGION 3 SUBSURFACE EXPLORATION LOG HOLE BAF-2 REGION 3 SUBSURFACE EXPLORATION LOG HOLE BAF-2
COUNTY _Orange LINE Baseline COUNTY _Orange LINE Baseline
PROJECT Interstate 0 STA. _92+00 PROJECT _Interstate 0 STA. 92+00
DATE START 5/4/92 HAMMER FALL-CASING 18" OFFSET 50 Lt DATE START _5/4/92 HAMMER FALL-CASING _18" OFFSET 50' Lt
DATE FINISH 5/6/92 HAMMER FALL-SAMPLER 30" SURF. ELEV. 9962 DATE FINISH_5/6/92 HAMMER FALL-SAMPLER 30" SURF. ELEV. 896.2
CASINGOD. 2%  1D._ 2% WEIGHT OF HAMMER-CASING 300 LBS, . CASINGOD. _ 2%  ID._ 24" WEIGHT OF HAMMER-CASING 300 LBS. . -
SAMPLEROD. 2" ID. _1-3/8° WEIGHT OF HAMMER-SAMPLER 140 LBS ;:#E 45?2 g i Séogg; SAMPLEROD. _2*  |D._1-38" WEIGHT OF HAMMER-SAMPLER 140  LBS.  TIME| 4:00pm | 8:00am
RIG TYPE _Acker B-40 | RIG TYPE Acker B-40 DATE | Siio2 916192
CORE BARREL Dowble Tube DEPTHTOWATERL 10 [ 10 CORE BARREL Doutie Tube DEPTHTOWATER | 10 10
BLOWSON | & BLOWS ON : 3
AMPLER & B
s 2 DESCRIPTION OF SOIL AND ROCK fr SANPLER 5 DESCRIPTION OF SOIL AND ROCK
4 / % ”“. & ;,‘ u-,-‘“:a 10/ |',‘u &
] ) 1 2 2 5
w e B GR.SILTY CLAY
T 1T 2171313 Y = MOIST - PLASTIC
35 il ] 39
21 &3 2 g 6 17 40 80 |
:;2 W |79 |12 15 o 75 TRENES
=T 5T % -1 GR FINE TO COARSE SAND 81 1
= MOIST NON PLASTIC 104 \
120 ‘ GR SANDY GRAVEL
1 A8 W 0120 L 140 ‘ MOIST - NON PLASTIC
; RN N 110 \ (Cored Boulder 42.5' to 45' recovered 12°-7 pieces; used boulder buster)
1% \
:-; B [ 13[18]17 17 1% i
¥ | ® |55 103 18 15" L ‘
N 50 a8 TOP OF ROCK  50°
|
40 i HARD UNWEATHERED BASALT
46 -
a0 ! Run1 50-55
20 45 ! RQD = 80% y
4 | J0 | 244 15 ; | 55
a2 HARD UNWEATHERED BASALT
56
52 Run2 55-60'
58 GR. SILTY CLAY RQD = 75% !
50 | o1 | 2| 3|3 14 | MOIST - PLASTIC ] 60
56 : END OF BORING 60'
52
w T
) 58 |
52 2 1 2 3 18
56 !
61 1
63 ;
& F
4 70
]
THE SUBSURFACE INFORMATION SHOWN HERE WAS OBTAINED o 4
FOR STATE DESIGN AND ESTIMATE PURPOSES. IT IS MADE DRILL RIG OPERATOR Klinedinst : THE SUBSURFACE INFORMATION SHOWN HERE WAS OBTAINED _
AVAILABLE TO AUTHORIZED USERS ONLY THAT THEY MAY HAVE | SOIL & ROCK DESCRIP. Chassie FOR STATE DESIGN AND ESTIMATE PURPOSES. IT IS MADE DRILL RIG OPERATOR _Klinedinst
ACCESS TO THE SAME INFORMATION AVAILABLE TO THE STATE. | REGIONAL SOILS ENGR. Cheney § AVAILABLE TO AUTHORIZED USERS ONLY THAT THEY MAY HAVE | SOIL & ROCK DESCRIP. Chassie
T IS PRESENTED IN GOOD FAITH, BUT IS NOT INTENDED AS A SHEET 1 OF 2 £ ACCESS TO THE SAME INFORMATION AVAILABLE TO THE STATE. | REGIONAL SOILS ENGR. Cheney
SUBSTITUTE FOR INVESTIGATION, INTERPRETATION OR TR TIRE TAMERD . IT IS PRESENTED IN GOOD FAITH, BUT IS NOT INTENDED AS A SHEET 2 OF 2
JUDGMENT OF SUCH AUTHORIZED USERS v - Apple Freeway #2 Z SUBSTITUTE FOR INVESTIGATION, INTERPRETATION OR
:]  JUDGMENT OF SUCH AUTHORIZED USERS. STRUCTURE NAMEMNO. _Apple Freeway i2
CONTRACTOR _ACME Drilling, Inc.  SM HOLE _BAF-2 a

Figure 3-25a. Example subsurface exploration log (0 —35 ft depth). Figure 3-25b. Example subsurface exploration log (35 - 60 ft depth).



CPT Boring Results

Depth (ft)

FHWA

gt (tsf)
O 800
8] i\ T T T 1 L
H 1
J,\ i
10 N\
R,
L = i
201 ]
i ]
H\’ ]
—307
GOy :
r Refusal 1
-501 :
RN [T OO TN e TN SO A O B, T
—80 Max. Depth: 41.67 (ft)

Deoth Inc.: 0.164 (ft)

Hole No.:.CPT—BAF—2
Location:APPLE FREEWAY

fs (tsf) u (ft.)
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Figure 3-30. Piezo-cone results for Apple Freeway Bridge.

1
SBT: Soil Behavior Type (Robertson 1990)
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Figure 45. Boring location plan
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Figure 16, Interpreted subsurface profile.



Geophysical Methods

@ Based on methods used @ Electromagnetic \Wave

for geologic research, Methods
especially in the oil and @ Electric Resistivity
gas industry @ Ground Penetrating
@ Acoustic Methods Radar
@ Seismic Refraction @ Magnetic or
@ Crosshole Tests Electromagnetic
Surveys

@ Downhole Tests

@ Spectral Analysis of
Surface Waves




Seismic Refraction

Shock is made at one
point, usually using a
special hammer

Sound waves (specifically
“p”’ compression waves)
travelling through the soll
are picked up at various
distances from the hammer
blow point by geophones

Analysing the reflections
can indicate the depth and
nature of the soil layers

Should not be used
where a hard layer
overlays a softer layer;
will indicate two layers
being one

Should not be used in

an area covered with
asphalt or concrete

Should not be used
when a frozen layer is at
the surface



Seismic Refraction
ASTM D 5777

Note: Vy1 < Vp2
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Seismic Refraction Example
(Single Layer)
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Oscilloscope

distances Ax with depth.

Crosshole Testing

ASTM D 4428
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Aol Downhole Testing
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Example of Spectral Analysis of
urface Waves
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Ground Penetrating Radar

@Radio waves are transmitted into the earth and their
reflection is recorded

@CLEspecially useful in finding rock and other hard
formations or objects such as pipes, tanks, etc.

@Limited to a depth of 10 m or less in electrically
conductive soils (wet, fine grained soil deposits)
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Electric Resistivity

Uses the variations in
resistivity of different
materials

Electrical currents are
iInduced into the ground
through electrodes

Soil or rock resistivity can
be determined by
measuring the potential
difference between
known horizontal
distances

@® Methods of conducting the test

@ Electrical Profiling: electrodes
are spaced over an area and
lines are run across the area.
Practical for prospecting for
sand and gravel deposits or ore
deposits

@ Electrical Sounding: central
location for the electrodes is
selected and series of reading
is taken by increasing the
electrode spacing from the
centre. Can provide
information on variation of
subsurface conditions and
depth of water table



Electrical Resistivity
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Figure 5-35. Electrical Resistivity Equipment and Results: (a) Oyo System; (b) Advanced Geosciences Inc.;
(¢) Two-Dimensional Cross-Section Resistivity Profile for Detection of Sinkholes and Caves in Limestone
(from Schnabel Engineering Associates).



Selecting a Geophysical Method

Table 1-22 Selection of Geophysical Method (after ASTM D6429)

Seismic Electrical Electromagnetic

Application | Refracti G d

PP etraction DC Freq. Time Very Low roun_ .
or Method or MASW . _ : ) Penetrating | Gravity

i Resistivity | Domain | Domain | Frequencies
Reflection Radar

Depth to A A B B B B A B
rock
Voids and B A B B B A A
sinkholes

Notes: “A” means preferred method and “B” alternate method based on the 2020 version of the standard.

From UFC 3-220-10




Questions?
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