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The Objectives of an Exploration of a Site:

The project engineer will prepare a checklist of the items needed to design the structure at
each site. Some of these items could be;

What isthe ideal type and the depth of the foundations for the structure.
What is the required load-bearing capacity of the foundations.
What are the admissible settlements?

What are the dangers of the site ( for example, aformer sanitary landfill, or expansive and
collapsible sails, etc).

Where is the ground water surface (GWT), and how much doesiit vary?

What |lateral loads may be placed upon the structure? Is the ground slipping, and what is
the slope stability?

What constraints are there for construction methods (for example, would a deep garage
basement undermine the foundations of an older adjacent building?).

Does the structure require long-term monitoring?



The Four Major Steps or Components of a Site’ s | nvestigation.

A major project (atunnel, large bridge, tall building, etc.), will require four phasesfor its site
investigation:

Phase 1. Literature Search.

This phase collects al the existing information of the site and the structure. For the site, it
involves aerial photos, surveys, previous geotechnical data, building codes and adjacent
structures. For the structure, it requires all the major structural data of the building.

Phase |I: Reconnaissance Sub-surface Exploration.

The site and the neighborhood is carefully studied. Test pits are excavated, soil borings and
penetrometers are driven, samples of soil at each strata are taken, the ground water is
established, percolation tests are performed and in-situ testing is compl eted.

Phaselll: Laboratory Testing and Reports.

The samples are taken to the laboratory and engineering parameters are determined, in order
to calculate bearing capacities, settlements and special solutions. All the data from these first
three phases are summarized in a Geotechnical and Foundation Recommendations Report.

Phase |V: Detailed Site | nvestigation.
Very large projects will require an expansion of the three phases above.




Phasel: Literature Search:

1) The maor components of the structure, loads, spacing of columns, shear walls, etc.
Expected lateral loads (wind and seismic loads);

2) Collect all applicable local codes (FBC) and national building codes;

3) Local consulting engineers, aerial survey companies, soil testing laboratories, etc. with
some knowledge of the site, borings, well logs, adjacent structures, etc.

4) Locate al underground improvements, such as utilities, from County (WASD, FP&L,
DPW, UNCLE) and State agencies.

5) Collect topographic maps, soil maps, manuals and reports, hydrographic data,

a) From State highway (FDOT) and geological survey departments,

b) United States Corps of Engineers,

c) Stateand Federal (US Dept. of Agriculture Soil Conservation Service),
d) United States Geological Survey, Box 25425, Denver, CO 80225;

e) County maps (1’ =2000 and better), reports and manuals, and

f)  Private projects similar in nature and/or close to the project site.



Phasell

Reconnaissance Field Testing






Field exploration — hand and truck augers:

An lwan auger (left) and a Slip auger.



Continuous-flight Auger.

Dimensions of Commonly Used

| nside Diameter Outside Diameter

in. mm in. mm
250  63.50 6.25 158.75
0.75 69.85 700 177.80
3.00 76.20 8.00 203.20
3.50 88.90 9.00 228.60

4.00 101.60 10.00 254.00

Therotating auger bringstheloosened soil up to the surface,
wherethedriller can seethe changesin the soil types. The
speed and sound of thedrill also givesa feel for the strength of
the soil strata. When solid-stem augers are used, they must be
withdrawn at intervalsto obtain soil samples, and perform a
standard penetration test (SPT). A hollow-stem auger per mits
continuous sampling.

Hollow stem auger with removable plug.



Wash Borings. A wash boring isone of the methods of advancing a borehole. A stedl
casing (a hollow tube), typically 6 feet long, isdriven into the ground. The soil inside the
casing isremoved by means of a chopping bit that isattached toadrilling rod. The loose
soil particles are washed out with awater jet, which is collected at thesurfacein a
container, where the engineer can observe the material coming up at each depth.




Truck Mounted Sampling Drills.

Casing a collapsible soil stratum.  Casing a caving (eg., loose sand) soil stratum.



Rotary tri-conejet bitsarerotated under
theweight of the drill collar to forcethe
teeth into therock. Asthey rotate, the
cone teeth chip and crush therock.



A mobile B57 4x4 vertical drilling rig in Miami Beach.






Drilling through rock (such asthe
limestone and sandstone strata of the
Miami area), isassisted with the aid of
Bentonite (a Montmorillonite type
clay). Thiscontractor isusing atrade
named drilling mud called Quik-Gel
that lubricatesthe drilling bit.



A truck mounted drill rig working
on a South Miami site,

The assistant tothedriller isholding
an NX sampler in hisright hand,
ready to screw on tothedrilling
flight.

This particularly beautiful lot
turned out to be a former land fill. It
required expensive foundations for
the luxury residence that was
planned for this site.



Marine Drilling.

Fondasol’s marine
testing rig mounted on a
bar ge.



A precariously balanced SPT drill rig over water.






The shifting piers of the Tampa-Hillsborough Expressway occurred because the borings were
insufficiently deep. Only 12 ft deeper than the pile depth was ordered by URS Corp instead of
the usual 20 feet. Some piers subsided 11 feet!



The repairs to the Tampa-Hillsborough Expressway are costing the Authority at least $ 120
million. Part of the problem ensued from the lack of peer review, who could have detected the
mistakes on time. The repairs, shown above, consist of additional perimeter drilled shafts, tied

together with the heavily reinforced collar tied to the existing pile cap (ENR 17 Oct 05).



Selection of Borings

{ M
\
A A A A
The table below provides a
preliminary guideline for . . .
choosing the number of
borings and their depth.
. . . A A A A
However, it IS Important to
remember that each site is
unique and requires careful o > e
selection based on loca
conditions.
A A A A
Depth Spacing
Column or
Wall L oads Borings A Borings B M N
Feet Meters Feet Meters Feet Meters Feet Meters
Light 10-20 3-6 20-25 6-7.5 100 30 100 30
Medium 20-25 6-7.5 30-40 9-12 80-100 25-30 80-100 25-30
Heavy 30-40 9-12 50-80 15-25 50-80 15-25 50-80 15-25




ROUGH GUIDELINES FOR SPACING EXPLORATORY BORINGS FOR PROPOSED MEDIUM TO HEAVY WEIGHT BUILDINGS, TANKS,
AND OTHER SIMILAR STRUCTURES.

High quality and u

ROUGH GUIDELINES FOR DEPTHS OF EXPLORATORY BORINGS FOR BUILDINGS ON SHALLOW FOUNDATIONS (Adapted from Sowers,
1979)

Poor 637+ D 20S%" + D

Average 58%7+ D 158%7+ D

Good 38"+ D 10S%"+D



NB: There are many other criteria being used by some engineers. For example, (1) spaced at 2x the
least side of the building; (2) a minimum of 10 m spacing, (3) use a minimum of 3 borings, and an
average of 5 boringsfor a typical small building, and increase fo uneven sites. Depths are also
determined to where the increase in the stress from the new structure has decreased to less than 10%.



A smpletest pit isshown in this photograph.

It iIsvery inexpensive, but it providesa visual
(and tactile) experience for the geotechnical
engineer.

It also can be used by the engineer totest the
soil’sin-situ strength through a pocket
penetrometer or a shear vane.




The Standard Penetration Test (SPT)

The Standard Penetration Test (SPT) was
developed in 1927, and has become the most
popular and economical meansto obtain
subsurface infor mation dir ectly.

It is estimated that 85% to 90% of
conventional foundation datain the USA is
made using the SPT. Thetesting method was
standardized in 1958 asASTM D1586.

Asaresult of many yearsof field work, the
relationships of soilsversustheir engineer-
ring properties have been tabulated whilst

using the SPT testing.

Among them are;
1) Theangle of friction of sands,
2) The shear strength of clays,
3) Density of sands, and,
4) The consistency of clays.



The SPT Hammer, is astandardized 140 b hammer that falls from a height of 30 inches and
drives the split spoon sampler into the bottom of the borehole.




The SPT Hammer, isastandardized 140 |b
hammer that falls from a height of 30 inches
and drives the split spoon sampler into the
bottom of the borehole. How ever the slugs
of the hammer can be interchangeable.

Standard Duty

With interchangeable slugs:
140 |b.

« 170 Ib.

Heavy-Duty

With interchangeabl e slugs:
140 |b.

« 170 |b.

* 300 Ib.

340 |b.



Cat-head winch for the SPT.



The SPT Split Spoon Sampler.

This sampler is used in conjunction with the SPT system. The
SPT blow count is the number of blows of the hammer, required
to advance the split barrel sampler 12 inches (305 mm) into the
ground.



At left isthe NX-size SPT split-spoon sampler, with an outside diameter of 2 inches, versus the
4-inch diameter diamond studded drilling core at right. The former destroys the structure of the

soil, whereas the latter preserves most (but not all) the structure of the soil, for example,
Miami’s oolitic limestone.



Tri-cone rock bit.



The Driving Rod (the drilling string).

Probe Rod ~|

3.25in.

Probe Rod

|
1.5in. ~

Cutting Shoe, SPT

20737

Solid Drive Tip,5PT
21114

\{

_- Drive Cap
(¥ 15500

|

|

Probe Rod
ff’f 1.5 in.

rﬂ'"-'

Adapter
17320

I
I-..q
T - Split Barrel

Sampler
20739

Theprobeor drivingrodsare

driven to thetesting depth. The

solid drivetip ispulled and a split

lﬁalrrel sampler islowered into the
ole.

Thedrop hammer isthen placed
on top of therod string and the
number of blowsto advance the
sampler iscounted. The number of
blowsto drivethelast two sets of
6" penetration arethe“N” value.

If the boring log should show

"refusal” it should be stopped.
Refusal isoccursif any of the
following criteria are happening:

- 50 blows arerequired for any 150
mm increment;

- 100 blows ar e obtained, and/or

- 10 successive blows produces no
advance.






Common Methods of Sampling

1) Standard Split Spoon 2) Thin Wall Tube

Spring Core Catcher



3) Scraper Bucket 4) Piston Sampler

Sampler lowered to the Pressure rel eased through

bottom of the borehole holein piston rod



Soil Sampling.

* Disturbed soil samples can provide:
1) agrain size analys's,
2) the determination of plastic and liquid limits,
3) find the specific gravity of the solids,
4) determine the organic content, and
5) classify the sail.

* Undisturbed soil samples will, in addition to the above, provide:
6) determine the consolidation parameters,
7) find the soil hydraulic conductivity (permeability), and
8) determine the shear strength.

Sample Disturbance

The degree of disturbanceis A (%)=D,j-D? x 100

where D, = outside diameter of the sampler, and D, = inside diameter of the sampler.






The SPT testing split-barrel isshown at right, ready to beinserted into thedrill hole (seen
with athin rod at the middle). At left, isthedriving stedl shoe, badly damaged by a

limestone stratum.






Samples have been taken in the glass jar of the dense sand recovered with the split spoon sampler.



The split-barrel sampler for the SPT isseen at left. It shows, from top to bottom, organic
soil at thedriller’sthumb, and then the tan oolitic [imestone. Note how the limestone has
been damaged by the small NX bit. Many drillers, ignorant of geology, call thismaterial a
loose sand. At right are some glassjarswith samplestaken from the split-barrel.





















The simplest test for thetopmost stratum’s per meability is performed after the SPT test.
The holeisexpanded by a 6-inch diameter auger, and the holeisfilled up with water. The
drop in the head is measured in time using the straight edge shown above left, , and a
rough estimate of per meability is calculated.



A hollow-stem push system.



Each boring is carefully recorded to
help in the preparation of the final
report.












Example:




Correlation of SPT with Soil Engineering Parameters.




For Clays

Compressive
N- Vaue Strength Description
<2 <.25 Very Soft
2-4 25-.50 Soft
4-8 5-1.0 Medium
8-15 1.0-2.0 Stiff
15-30 2.0-4.0 Very Stiff
>30 >4.0 Hard










The Cone Penetrometer Test (CPT).




Delft’s (Holand) field testing vehicle per mits continuous borings and cone penetration tests.



The CPT yields better data than the SPT, except in gravels and soft clays. It isused
extensively in Europe. The coneis pushed into the ground at a constant rate of 10 to 20
mm per second. The eectronicsautomatically record the continuous data for thetip
resistance qc and the seeveresistance g.. The data isfed into a computer, and software

immediately plotsthe values from the surfaceto the final depth of thetest. Thefriction
factor f; can be used to classify the soilsdirectly.

R:$>QOO%: sle_e\/e@ frlcilon
. point®resstance

whereqg. = N,s, + p, (conebearing)
=20s,+ Z




Theun-drained shear strength s, is,

¢ = 9o P,

u Nk

whereN, =13 + (5.5/50) I, (£2)
For example, for | )= 20

N, = 13 + (5.5/50)(20) = 15.2 + 2

Cone factor N, versus|, plotted for severa soils
with range in sensitivity noted.






Relative density, %






Example of CPT determination of the soil shear strength.

Classify the clay soil from the data of the CPT test shown four dlides previous to this one, that
IS tested at a depth between 10 and 12 m. Estimate that soil’s snear strength s, by using the
|aboratory determined valuesof = 19.65 kN/m?3 and I, ~ 10 from recovered samples.

From the graph, q.=11 MPa and qs= 450 kPawhich givesafr ~4%
Check,

3
f =% y100= 22299 1100 = 496
1110

O

From the qc versus f, chart, thisisasilty clay (CH).

Atadepthof 11 m, po= z=(19.65 kN/m3)(11 m) = 216 kPa
and from the N versus |, graph, for 1, ~ 10 yields an N ~ 18

Therefore,

_9 - P, _11,000kPa- 216kPa _ 600kPa

N, 18

S

Compare with the laboratory tested value of 725 kPa (a17% error).



The Flat Dilatometer Test (DMT).

Thisdeviceispushed into the ground
just likethe CPT. At the depth Z of
Interest, it isstopped. Typical testing
involves depth intervals of 200 mm (8
inches).

The pressure p1ismeasured (“lift off”).
The probe pressureisnow increased
until d=211mmintothesail. Thisis
the pressure p».

Decrease the pressureto zero, and
measur e theresidual pressure left. That
will be the excess por e pressure ps.
The soil elastic modulusisfound by,
ES
1-n

2 = 347( p2 B pl)



Shear van tester for clays.



Phaselll: Field Sampling for Laboratory Testing,.

The samplesobtained in thefield can be classified as “ disturbed” or “ un-disturbed” .
Practically speaking, all samplesare disturbed to some degree dueto the difficulty of
removing soil from great depths. However, with some degree of care and expert field
personnel, some samples may yield useful resultsto deter mine the following engineering
parameters:

A) From un-distur bed samples.
- Consolidation;
- Hydraulic conductivity;
- Shear strength.

B) From disturbed samples:

- Grain size analysis,

- Atterberg limits (plastic and liquid limits);
- Specific gravity of solids;

- Organic content;

- Classification of the soils.



