Soil Investigation ailall

EXPLORATION, SAMPLING, AND IN
SITU SOIL MEASUREMENTS

The process of identifying the layers of deposits that underlie a
proposed structure and their physical characteristics is generally
referred to as subsurface exploration. The purpose of subsurface
exploration is to obtain information that will aid the geotechnical
engineer in
1. Selecting the type and depth of foundation suitable for a given
structure.

2. Evaluating the load-bearing capacity of the foundation.
3. Estimating the probable settlement of a structure.

4. Determining potential foundation problems (e.g., expansive
soil, collapsible soil, and so on).

5. Determining the location of the water table.

6. Predicting the lateral earth pressure for structures such as
retaining walls, sheet pile, and braced cuts.

7. Establishing construction methods for changing subsoil
conditions.
Subsurface exploration may also be necessary when additions and
alterations to existing structures are contemplated

METHODS OF EXPLORATION

The most widely used method of subsurface investigation is boring
holes into the ground, from which samples may be collected for
either visual inspection or laboratory testing. Several procedures are
commonly used to drill the holes and to obtain the soil samples.
SOIL BORING

Exploratory holes into the soil may be made by hand tools, but more
commonly truck- or trailer-mounted power tools are used.

1- Hand Tools
The earliest method of obtaining a test hole was to excavate a test
pit using a pick and shovel. Because of economics, the current
procedure is to use power excavation equipment such as a backhoe
to excavate the pit and then to use hand tools to remove a block
sample or shape the site for in situ testing. This is the best method at
present for obtaining quality undisturbed samples for testing other
than vertical orientation. For small jobs, where the sample
disturbance is not critical. Hand- augured holes are usually drilled to
depths of the order of 2 to 5 m, as on roadways or airport runways,
or investigations for small buildings.
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Hand tools for soil exploration
(a), (b) Hand augers

.
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2- Mounted Power Drills

For numerous borings to greater depths and to collect samples
that are undisturbed, the only practical method is to use power-
driven equipment.

2.1 Wash boring is a term used to describe one of the more
common methods of advancing a hole into the ground. A hole is
started by driving casing (Fig. 3-2) to a depth of 2 to 3.5 m.
Casing is simply a pipe that supports the hole, preventing the
walls from sloughing off or caving in. The casing is cleaned out
by means of a chopping bit fastened to the lower end of the drill
rod. Water is pumped through the drill rod and exits at high
velocity through holes in the bit. The water rises between the
casing and drill rod, carrying suspended soil particles, and
overflows at the top of the casing. The hole is advanced by
raising, rotating, and dropping the bit into the soil at the bottom
of the hole. This method is quite rapid for advancing holes in all
but very hard soil strata.

A8 ) iy 40 BtLal |

e sl gandy ST Flaed S o1 Ca apaall Fily
) Claaall AR5l A Baus sl dleall 3l b ¢ el
Aalally Jaas,

YV GO saa) Cia sl aadiin llaian ga Jually sl 1,1
(2-3 JSall) Gl iy il g ia )Y 8 i Gl & gad
¢ il ae gl Aabuny g ) e 3.5 ) 2 e e
Oe B Calati &y & el 5 GY Y e Glaal) g
elall el yin) Capeal o) Calall 8 Al qalai dadl (3 )ha
33 53 sall G DA e dille de oz sa0 s sl il e
Sala ¢ jiall Capad g (oDl (el wii | jial) Al b
s DA (pe s slall ¢ daldl b Gomai g o Aalaall 4y i) iy e
o3 B ial) g8 84 il 8 Ay )l Laliu) 5 55355 ad 58 i)
Aleall 4 5l i aes (8 il Dlaa) (8 s dry s 43 )bl
S ddall Ay il e oL s




Driflrod —__ |

M o

[ > ﬁ Driving shoe
‘Water jet at

high velocity

Figure 3.2 Wash horing



2.1 Rotary drilling
Rotary drilling is the most rapid method of advancing
holes in rock, it can also be used for any type of soil.
Drilling mud may be used in soils where the sides of the
hole tend to cave in. Drilling mud is usually a water
solution of a special kind of clay (such as bentonite), with
or without other admixtures, that is forced into the sides of
the hole by the rotating drill. The mud cake thus formed
provides sufficient strength in conjunction with the
hydrostatic pressure of the mud suspension so that the
cavity is maintained. When soil samples are needed, the
drilling rod is raised, and the drilling bit is replaced by a
sampler.

2.2 Continuous-flight augers

Continuous flight augers with a rotary drill are probably
the most popular method of soil exploration at present
(Fig. 3-3). The flights act as a screw conveyor to bring the
soil to the surface. The method is applicable in all soils.
Borings up to nearly 100 m can be made with these
devices, depending on the driving equipment, soil, and
auger diameter.

gl Hall 2.1

OSars ¢ saaall (B s Claay 45 sl gl ga 15 isdl
Ll A Laal) Gada alasiiul Sy Al e g3 Y Wl daladii)
slae Jaall cpda ()5S Ledale 5 JlagdWI (6 aadl il s Jaad Cus
Ailian 3 e 090 5l e o g5l Jia) cpuball (ge s g o3 e
dac gl sall lEiall Ao s QI (il ga ) Lgada & s Al
Laall ae () EYL A8 8 aill 138 e 435Sl ol

dalalldie aygaill e Llial) 25 Cumg cplal) et Sl g el

el 28 jial) A Jhasidd 5 iall Cupal oy il e

Shal) ¢ ) gl ey 32 2.2

& sl QUE 3 3 el ol ydall e ) oS5 G Jainall (40
(3-3 JSall) yualall gl 84 ) Gl e sl SSY) A4y lal)
Grbill AL 48 )Ll mhaull )4 il calad (o oF LS C3la ) Jaas

G i 100 Y dea &l 5 dae (S A il g1 580 e (B
bl o 4 il 5 3Ll Culasa e 13laie ) ¢ 5 jeall s aladiuly




(T
8o
£
S o
B0 8o
c >
= (@©
= S

=
- B
o =
" h
@ 3
m 5
o
T
Ut
gn
- &
w O




SOIL SAMPLING

The most important engineering properties for
foundation design are strength, compressibility, and
permeability. Reasonably good estimates of these
properties for cohesive soils can be made by laboratory
tests on undisturbed samples, which can be obtained
with moderate difficulty. It is nearly impossible to
obtain a truly undisturbed sample of soil, so in general
usage the term undisturbed means a sample where some
precautions have been taken to minimize disturbance of
the existing soil skeleton. The following represent
some of the factors that make an undisturbed sample
hard to obtain:

1. The sample is always unloaded from the in situ
confining pressures, with some unknown resulting
expansion

2. Samples collected are disturbed by volume
displacement of the tube or other collection device.
The presence of gravel greatly aggravates sample
disturbance.

3. Sample friction on the sides of the collection device
tends to compress the sample during recovery. Most
sample tubes are swaged so that the cutting edge is
slightly smaller than the inside tube diameter to
reduce the side friction.

Cohesionless Soil Sampling

It is nearly impossible to obtain undisturbed samples of
cohesionless material for strength testing. Sometimes
samples of reasonable quality can be obtained using
thin-walled piston samplers in medium- to fine-
grained sands. In gravelly materials, and in all dense
materials, samples with minimal disturbance are
obtained only with extreme difficulty.

Since it is nearly impossible to recover undisturbed
samples from cohesionless deposits, density, strength,
and compressibility estimates are usually obtained from
penetration tests or other in situ methods.
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Disturbed Sampling of All Soils

In recognizing the difficulty and expense of obtaining
undisturbed samples, it is common practice on most
foundation projects to rely on penetration tests and,
disturbed samples for obtaining an estimate of the soil
conditions. The standard penetration test (SPT) is nearly
universally used, even though highly disturbed samples are
recovered.

Figure 3-5 illustrates the sampling device (also called a
split spoon) most used with the SPT.

In a test the sampler is driven into the soil a measured
distance, using falling weight producing some number of
blows (or drops). The number of blows N to drive the
specified distance is recorded as an indication of soil
strength.

The penetration number NV (a measure of resistance) is
usually sufficient for making estimates of both strength
and settlement in cohesionless soils.
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Unassembled split-spoon sampler after
sampling

(a)

(b)

Figure 3.5 (a) Standard split-spoon sampler; (b) spring core catcher



Undisturbed Sampling in Cohesive Soils

Recovery of "undisturbed" samples in cohesive soils
is accomplished by replacing the split spoon on the
drill rod with specially constructed thin-walled tubes,
sometimes referred to as Shelby tubes.

Samples obtained in this manner may be used for
consolidation or shear tests. Friction holds the
sample in the tube as the sample is withdrawn;
however, there is also special valve or piston (Fig. 3-
6) arrangement that use a pressure differential
(suction) to retain the sample in the tube.
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The degree of disturbance for a soil sample is usually expressed as

2 o)

De= 1)
A(%) = T(IOO)

I

where

A = area ratio (ratio of disturbed area to total area of soil)

D, = outside diameter of the sampling tube

D; = inside diameter of the sampling tube

When the area ratio is 10% or less, the sample generally is considered to be undisturbed.
For a standard split-spoon sampler,

Example: What 1s the area ratio of thin walled sample tube.if the

outer diam. Dw=50.8 and the inner dia. De=47.7?
A;=[(Dw? - De?) / De’] * 100

= [(50.8% 47.7% ) / 47.7%] * 100 = 13.4%

(50.8)2 — (34.93)?

Al%) = (34.93)’

(100) = 111.5%

Hence, these samples are highly disturbed. Split-spoon samples generally are taken at intervals of
about 1.5 m.

Inside Clearance Ratio

This causing a sample and to minimize friction or adhesion the inner diameter of the tube makes
some more of the inner diameter of the cutting shoe. This is called inside clearance (Cr) and is
expressed as:

Cr% =] (Ds—De)/De] * 100

Where:

Cr: Inside Clearance Ratio.

Ds: Inside Dia. of the Tube.

De: Inside Dia of the cutting shoe.

The inside clearance reduces during the sampling process from friction or adhesion along the
internal cylindrical surface of the sample and thus reduces disturbance.

10



Cr>0.5%...... For Sand
Cr<3%......... For Clay

THE STANDARD PENETRATION TEST
(SPT)

The test consists of driving a standard split spoon (50.8mm
Outside diameter and 35mm Inside diameter) into soil under the
blows of a drop weight (hummer) of 65 kg falling freely through
0.75m. The number of blows required for 300mm of penetration
of sampler in the soil is designated as (N) values. The test is to
estimate of the shear strength of soils, and it is Good for cohesion
less soils and

give a rough result for cohesive

soils.

The sum of the blow counts for the next two 150-mm increments
is used as the penetration count /V unless the last increment
cannot be completed. In this case the sum of the first two 150-
mm penetrations is recorded as V.

The boring log shows refusal, and the test is halted if

a. 50 blows are required for any 150-mm increment.
b. 10 successive blows produce no advance.
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N76=25 means that the SPT number (V) 1s 25 for E, = 70%, and Ngo = 44 means that means SPT
number (V) is 44 for E, = 60% for and so on.
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Neo

— Nngmgnsmr

where

60

N, = standard penetration number, corrected for field conditions

"N = measured penetration number
1, = hammer efficiency (%)

mng = correction for borehole diameter
15 = sampler correction

Mg = correction for rod length

Values of M Mss Mss and M., are in tables below.

Table 3.5 Variations of n, 1. ms. and g [Eq. (3.6)]

1. Variation of 5y

2. Variation of 5,

Country Hammer type Hammer release nn (%0)
Japan Donut Free fall 78
Donut Rope and pulley 67
United States Safety Rope and pulley 60
Donut Rope and pulley 45
Argentina Donut Rope and pulley 45
China Donut Free fall 60
Donut Rope and pulley 50

Diameter
mm in. ]
60-120 2447 1
150 6 1.05
200 8 1.15

4. Variation of 5,

3. Variation of 7s

Variable Ns

Standard sampler 1.0
With liner for dense sand and clay 0.8
With liner for loose sand 0.9

13

Rod length

m ft M
=10 >30 1.0
6-10  20-30 0.95
4-6 12-20 0.85

-4 0-12 0.75




SPT CORRELATIONS SPT uasd & il pdall ae pa 4y Al Lol A e

The SPT has been used in correlations for relative density Dy, angle of internal friction ¢. And
the water table is not observed.

Correlation between relative density and Standard Penetration Number

0.06\"7 =
Nw(0.23 +D—) i
D(%) = 5 = k; (100) (3.23)
Pa

Where,

Pa = atmospheric pressure (= 100 kN/m?)
o =y*z, -effective overburden pressure

Dso = 50% of the soil is equal or smaller is under that certain size (mm)

Correlation between Angle of Friction and Standard Penetration Number

The peak friction angle, @, of granular soil has also been correlated with Neo by several
investigators. Some of these correlations are as follows:

1. Peck, Hanson, and Thornburn (1974) give a correlation between Neo and @' in a graphical form,
which can be approximated as:

@'(deg) = 27.1 + 0.3N60 - 0.00054[N60)>  (3.29)

2. Schmertmann (1975) provided the correlation between Neo, 60 and @'. Mathematically,

the correlation can be approximated as:

14



0.34
N6O

Ty
12.2 + 203 (—)

a

tan

-
I

(3.30)

where

Neo = field standard penetration number

oo = effective overburden pressure

pa = atmospheric pressure in the same unit as oo

@ = soil friction angle

Example:
Following are the results of a standard penetration test in sand. Note that the water table was not
observed within a depth of 10.5 m below the ground surface. Assume that the average unit weight of

sand is 17.3 kN/m?. Using Eq. (3.30), estimate the average soil friction angle, @'. From z=0to z
=7.5m.

Depth, z (m) Ng,

15 8
3.0 7
4.5 12
6.0 14
1.5 13

15



Solution
From Eq. (3.30)

N 0.34
¢' =tan”' et
o.ﬂ
12.2 + 20.3(—)
p, = 100 kN/m®
Now the following table can be prepared.
Depth, z (m) o, (kN/m?) Ny, ¢' (deg) [Eq. (3.30)]
1.5 25.95 8 375
3.0 51.9 7 338
4.5 77.85 12 36.9
6.0 103.8 14 36.7
7.5 129.75 13 34.6
Average ¢' =~ 36° :4

Correction for N- values:

1. Correction of N due presence of water table:

For Soils consisting very fine or silty sand below water table, a correction is made when N > 15
because excess pore water pressure set up during drilling the sampler cannot dissipate. You
may use one of the following:

Necor=15+05*(N—-15)........... Terzaghi and Peck (1943).
Necor=0.6*N.......coooiiiiiiiiiiiin, Bazaraa (1967).

2. Correction due to Overburden Pressure:

N — Values for a depth corresponding to an effective overburden pressure of 110 kPa (1 T/ft?) is a standard.
For &y >25 kPa (0.25 T/ft?) a correction factor (CN) should be used

Cn = 0.77 log (2000/ o)
Ncor = Nact * Cn

16



Example:

The N-values for a test performed at a depth of 8 m below the ground surface is 35, if the water table
is at a depth of 2m and the dry unit weight is 14 kN/m?> and the saturated unit weight is 18 kN/ms.
Calculate the corrected N if the soil is fine silty sand?

Sol.

1- Correction for water table:

Neor=15+05*(N-15)=15+0.5*35-15)=25

2- Correction for overburden

oo=14*2+6* (18 — 10) = 76 kPa> 25 kPa

Cn=0.77 log (2000/ ¢'y)

) =0.77 log (2000/ 76) = 1.093

Neor= Nact * Cn=35%1.093 = 38.2 —>Sily 38 blows

Vane Shear Test oadl) Ady y Lddl
The vane shear test may be used during the drilling

operation to determine the in situ undrained shear dlae oL (ASTM D-2573) duy )l ad SLiial aladind (Say
strength (cu) of clay soils—particularly soft clays. - Agidall 4 3l (cu) @l gal) A ALl e (all) 3 8 daail jeal)
The vane shear apparatus consists of four blades on b d )l e Akl el e (S skl phall Aala
the end of a rod, as shown in Figure 3.23. The 9 (H o ) glii ) 323 JSEN e se 58 LeS sl Al
height, H, of the vane is twice the diameter, D. The Dhail) e ) Al Le) Ay 1 () 5S5 Of (SaiD). ¢ halll Cania
vane can be either rectangular or tapered (see Figure b Jiaall 138 8 daadivaall iyl ala el a1y (3,23 JSll
3.23). 3.8 Jsaall
The vanes of the apparatus are pushed into the soil S Al zle ) ool g8 (A4 il ) Sleadl Gl ) pdo oty
at the bottom of a borehole without disturbing the sl ) (e g glall o 3all 8 ) gl a e Bkl a3y dagala
soil appreciably. Torque is applied at the top of the Sigan A Glosall 1 gasan 405/ 0.18 iy (ould Jomay i)l
rod to rotate the vanes at a standard rate of 0.18/sec. Y] ) Gl Ay Gl Sl daa ) e JSG Cld & 3 b Qi
This rotation will induce failure in a soil of a8l Cand (Badadll (T ol sl @ 32l
cylindrical shape surrounding the vanes. The

maximum torque, 7, applied to cause failure is

measured.
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Figure 3.23 Geometry of field
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(Based on Annual Book of
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The undrained shear resistance (Cu) can be calculated from the following equation:

Cu =

2 +2)
74 -]

T

Where:

T: Torque

d: Diameter of Blade
h: Height of Blade

CONE PENETRATION TEST (CPT)

The CPT is a simple test that is now widely
used in lieu of the SPT—particularly for soft
clays, soft silts, and in fine to medium sand
deposits. The test is not well adapted to gravel
deposits or to stiff/hard cohesive deposits.
This test has been standardized by ASTM. In
outline, the test consists in pushing the
standard cone. into the ground at a rate of 10
to 20 mm/s and recording the resistance. The
total cone resistance is made up of side
friction on the cone shaft and tip pressure.
Data usually recorded are the cone side
resistance ¢s, point resistance ¢., and depth.
The tip (or cone) usually has a projected
cross-sectional area of 10 cm?.

A CPT allows nearly continuous testing at
many sites, which is often valuable, and no
boreholes are necessary to perform it.
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CPT Correlations for Cohesive Soil

One correlation between the cone bearing resistance q. and undrained shear strength c, is based
on the bearing capacity equation and is as follows:

qc=Nkcu + 0,

Solving for the undrained shear strength c,, one obtains

cu=(qc-o'0)/Nk

where ay= y*z = overburden pressure points where g is measured as previously defined and
used. This parameter is in the units of ge.
Ny = cone factor (a constant for that soil). Vi has been found to range from 5 to 75; however,
most values are in the 15 to 20 range.

CPT Correlations for Cohesionless Soils.
Figure 3-17 is a plot of the correlation between cone pressure gc and relative density Dx
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0 10 20 30 40 50

1 I L T

=
/

100

150

=
/
pd

.

Vertical effective stress o kPa
T
— ___..-—-"""'
/
|

Figure 3-17 Approximate 250
relationship between cone ¢. and

‘g
y - ‘ et
relative density D,,for normally \ \ \ \%
300

consolidated saturated recent =
) s 13 =)
(noncemented) deposits. o "B 1
1

350




The relative density of normally consolidated sand, D, and g. can be correlated according to
the formula:

D (%) = 68| log[ —\ — |

Where p, = atmospheric pressure (= 100 kN/m?)
o, = vertical effective stress

Correlation between qc and Drained Friction Angle (&) for Sand

Based on experimental results, Robertson and Campanella (1983) suggested the variationof o,
and g for normally consolidated quartz sand. This relationship can be expressed as

¢ = tan'lO.l + 0.38 log( q"ﬂ

=
U{]

The figure below shows graphical correlation between angle ¢ and q. for uncemented quartz

sands. Cone bearing ¢., MPa
0 10 Y 20 . 30 - 40 :
l
N~
\ g'= 48°
\ \ ~~
100

Figure 3-22 Correlation between peak friction angle ¢ \
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150
and q. for uncemented quartz sands.
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Example:
Given. For CPT test q. = 200 kg/cm? at depth z =17 minsand, y'= 11.15 kKN/m?.
Required. Estimate relative density and angle of internal friction ¢ for the soil

Solution:
o=y *z =17 X 11.15 = 189.55 kN/ m* (kPa) (effective pressure)

g.=200 X 98.07 = 19610 kPa (convert kg/cm? to kPa, 1 kPa = 98.07 kg/cm?)
qc
D/(%) = 68] 1 ——— =1

D: (%) =68 [ log ( 1oe19 ) -1] = 78.44%

¢ = lan'[o.l +0.38 log(%)]

¢ =tan' [ 0.1 + 0.38 log (19—61:%] = tan 0.8656 =40.88"
189.

From Fig. 3-22 and ¢. =200 X 98.07/1000 = 19.61 MPa, we obtain ¢ ~ 41°

H.W: Resolve the same example for q. = 150 kg/ cm? and z=22m
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Plate Load Test

The test involves loading a square horizontal plate with dimensions 0.3x0.3 or 0.45 x 0.4 m? or round
with a diameter of 0.3 or 0.45 m. This test is used to estimate the bearing capacity of the foundations

and the settlement of the structures on the soil which cannot be examined in situ.

To predict bearing capacity using one of the following:
a- Relation formulas
q (footing) =q (plate) ........ccoeviiiiiiiiiaann... For Clay
q (footing) = q (plate) * ( Brooting/ Bpiate): -+ -+ +--v--. For Sand
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b- Using Housel Equation
bl Tl ' T For C-® soil
Where: V: Total load on a bearning area
A: Contact area of footing (or plate)
P: Perimeter of footing,
q: beaning pressure,

S: Perimeter shear

By conducting two plate load tests, we can solve the equation for q

and S and then re-use the equation for fully scale footing.

5- To predict Settlement
Sp=Sf* (Bp/Bf)*
Where:
a=1/2 to 1/3 for sand and gravel
= 1/2 for saturated silt, = 1/2 to 2/3 for clay and dry silt
= 1 for compacted fill.
If ground water 1s at the level of the test plate, reduce the values by a
half (1/2).
Example:
Two Plate load tests were performed using plates (0.3 * 0.3m) and
(045 * 0.45m) for 12mm settlement, the loads were 37.5 and 75 kN
respectively. What si1ze square footing 1s required to carry 80 kN column
load.
Solution:
V=A*q+P*s
LR K —— —375=009*q+12*s
[0.45*0.45m]...... —75=02025*q+18*s
Solving the two equations to get ..q = 277.77 kPaand s = 10.41kN/m
[Full scale footing]....— 80=277.77*B*+ 1041 *4*B
Solving to get ....B =0.47m say 0.5 m for 12mm settlement
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GROUNDWATER TABLE (GWT) LOCATION

Groundwater affects many elements of foundation
design and construction, so the GWT should be
established as accurately as possible if it is within the
probable construction zone; otherwise, the location
within £0.3 to 0.5 m is usually adequate.

G Gl Q) ey g aranal jualic e aedl o 4 sall obuall i
L) GWT  talaiadl Ll dshia Cpaca S 13) 28201 e (San a8 Sk
Sale Lulia yia 0.5 ) 0.3 £ Cran @ sall (35S lld DA,

Hvorslev Method to measure the Ground water level in the Soil

Hoverslev (1949) proposed a technique to determune the ground water

level see fig. This technique uses the following steps:

1- Bail out water in the borehole to a level below the estimated ground

water table.

2- Observe the water level 1n the borehole at times

t=0, t=t,t=t, and t=t;

tl—Oztl—tzztg—tg,=At=24hl'5.

e Ah1?
e Ahl —Ah2
Ah2?
h2 =
— Ah3?
== Ah2 — Ah3
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Example:

Refer to Fig. Below, make the necessary calculation and locate the
ground water level. Given;

hwt+ hy=9.5m
v h= 77
At=24 hrs w
W.T
Ahl=09m g | . gl
Ah2=0.7 T hs W !
1 m h, | - | tF72 hrs g 5m
Ah3=054m 1 0's54 t2=48 "
Solution: ho | w_ |
. 0.7 =24 hws
Ah1? 0.9 | _W_ |
h0 = Ahl—-Ahz 09—07 405m 0.9
o w
Ah2* 0.7%
e = anl-anz og-g7 2 m
£ 2
h3 = =2 o —18m

"~ Ah2—-Ah3 0.7-0.54

It can be seen that hy =9.5—-4.05=5.45m
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Determination of Number, Spacing and Depth of Borings:

1. Determine the number of boreholes:

Table (1) can be adopted as a recommended guide to determine the number of borings:

Phase 'of Investigation Geological | No. and Spacing | Location of Boring
Structure of Boring in the Field
Preliminary Investigation | Uniform 5 to 10 boring per | Depends on
( to assess the suitability of km? topography of the
site) Irregular or | 10 to 30 borings | site
Unknown per km?
General Investigation Uniform 300 x 300 m Regular square
(Selection of area of Most | |rregular or | 100 x 100 m network of borings
favorable ground) Unknown parallel to contour
Detailed Investigation (for | Uniform At least 3 borings | As regular as
individual building where (10 to 30 m apart) | possible network
location has been fixed) Irregular or | 3 to 5 borings for | to suit individual
Unknown | each building buildings taking
(10-30 m into consideration
diagonal) preliminary

investigation
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2. Spacing between Boreholes:

The Rules can be followed:

1.

(O8]

For individual buildings of less than 300 m’ plan area, 3 boreholes

are the minimum (not to be on a straight line).

. For large sites or group of buildings, 5 boreholes are the minimum

(4 at corners and 1 at the middle).

. As a guideline you may use Table (1).

For large site: probes are needed (penetration test, seismic method,
electrical resistivity method) to obtain information in areas
between boreholes.

In case of limestone rock (from geological information) use seismic

method between boreholes to check any cavities.

. For some special structures

Retaining Walls:

Minimum spacing 120 m at centerline with some of these
B.H. located at both sides of the centerline.

Slope Stability Problems :

3 to 4 B.H. at critical zones and at least one B.H outside the

zone.
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3. Depth of Boreholes:

The Following points can be followed step by step to determine
borehole depths

1. Highway and airfields: minimum depth of borings is 3m but should
extend below organic soil. muck. artificial fill or compressible
layers such as soft clays.

2. Retaining Walls and slope stability problems:

a. Below organic soil. muck. artificial fill or compressible layers.

b. Deeper than possible surface of sliding.

c. Deeper than the width of the base of wall (increase of retaining
wall).

d. Equal to the width at bottom of cuts.

3. Structural Foundation: depends upon soil profile and the type of
feasible foundation
a. Below organic soil. muck. artificial fill or compressible layers.
b. Single separate narrow strip footings:

®  Depth =3 x width of footing >6m
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Group of overlapping footings or raft.

® Depth=1.5 X least width of the  group or raft.
For heavy structures the depths of one of the boreholes should
extend to 2 x width of footing (Heavy loads =20 T/m =200
kPa).
The depth of boreholes should extend to the point where the net
increase in stress due to the action of the load of the building is
less than 10% of the total surface load.
The depth of the borehole should extend to the point where the
net increase in stress due to building (Aq,) is less than 5% of the
overburden stress in soil.
For pile foundation. depth of boring should extend to the

bearing strata + (3 X pile diameter).
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Example 1:

Four storey building (20mx30m) with a basement (depth= 4m below
ground surface) is proposed. The net pressure (A qs) of the building at the
basement level is 75 kPa. The soil is silty clay with a dry and submerged
unit weight equal to 16 kN/m3 and 9 kN/m3 respectively. The water table
was found at elevation 1 m below ground surface. Determine for a detailed
soil investigation the number. layout and depth of the boreholes.

Solution:

1. No. of BH : Area = 30 x 20 = 600 m2 > 300 m2 — use 5

boreholes.
2. Layout : 4 at corners and one at the center.
3. Depth : Using the criteria in Page

a. No information.

b. Not Valid.
c.Depth(Z)=15xB=15x20=30m
d. not valid

e. Assuming a 2:1 distribution

Q=AqgxBxL=q (L+tZ)(B+Z)

Forqi=0.1Aqs

Agsx20x30=0.1Aqs(30+Z)(20+2)

Solving to get Z=352.6 m

f. Effective stress atdepth z(Po)=1x 16 +9x (Z+3)=43 +9Z
0.05 x Po' = qy {where gl is defined in item (e)}

0.05x% (43 +9Z)=75x20x 30 /(30 + Z) x (20 + Z))

Solving to get Z=29.4 m which is the same as (¢ )

g. Not valid ( No Piles).

Therefore the final depth of boring = 30 m + 4 m = 34 m {choose

minimum of (e) and (f)} {4 m is the depth of basement}.
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Example — 2

For the Building layout shown. find:

a. No. of Boring
b. Depth of boreholes

Given: Col Size 0.5x0.5m

Col. No. Loeoad (KN)

C1 1500

B 2500
Use Depth of Footing (1 m)
Note: Neglect weight of footing

Solution:

a) Area of Building =8.5 ¥ 8.5=72.25 m’ < 300 m’

Use 3 boreholes

34
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b) A q, = Prow/ Area= (5% C1+4%C2)/A=(5* 1500+ 4 * 2500) /
(8.5*85) . Aq~=24221kN/m’=242 T/m’> 20 T/m’
So. it 1s a heavy structure, then to calculate the depth of boreholes
below the footing base according the following:
1. Ags20 T/m’ — Depth=2*B=2%85=1Tm—Z=17m
2. (Agq:xBx L) (L+Z)}B+Z)= 0.1 Aq,
(8.5*%8.5)/(85+Z)85+Z)=01—Z=184m
3. (AgsxBxL) (L+Z)B+Z)=0.05 0. Y'Z)
(242,21 * 85 *85)/(BS5+Z)B5+Z)=005[1.5*%17+15%19+(Z—
2) * (19 -10)]
(24221 *85*8.5)/(85+Z)85+Z)=18+045Z
Z=27.26m

use min value of Z=17.0m

Then the total depth of borehole is = 17.0m + 1m = 18.0m below N.G.L

NG.L
HIIENE % -‘
! } 15
S|" ] _:'.I.;lll
|
W Sand z
. . A R— N
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THE SOIL REPORT

When the borings or other field work has been done and
any laboratory testing completed, the geotechnical
engineer then assembles the data for a recommendation
to the client. Computer analyses may be made. The
necessary engineering properties of the soil are the
following:

1. Soil strength parameters of angle of internal
friction ¢ and cohesion ¢

2. Allowable bearing capacity (considering both
strength and probable settlements)

3. Engineering parameters such as E, u .
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WHITNEY & ASSOCIATES
BORING NOB-04
ik e B8 PEORIA, ILLINOIS 61604
sweer 4 o
provecT _ ONIO- ATED WATER STORAOE TARK | ocamon Ohio
sorinGLocaTion ____See Plot Plan Sheet oriLep sy Yinslow
sornaTvre _ Hollow-Stem Auger weatnen conoimions Partly Cloudy & Cool
8OIL CLASSIFICATION SYSTEM __ U 8. B.B.C. SEEPAGE WATER ENCOUNTERED AT ELEvaTION _ NOnEe
GROUND SURFACEELEVATION 804, 2 =~ GROUNDWATERELEVATIONAT __24* was _793.6
BORING DISCONTINUED AT ELEVATION . Z87.2 ~ GROUND WATER ELEVATION AT COMPLETION _____793. 4
DESCRIPTION bt Eavla sl B Y Qo | Qu | Ds | Me
Browa SILTY CLAY LOAN Orgeaic
R
Hard, Brown, Weathered GLACIAL L
SILTY CLAY TILL
S
_03 | SS 10 4.5+ | 7.0 121 15
15(25)
- 8
ss 12 4.5+ | 6.0 118 14
. 06 18(30)
- 9
S8 14 4.5+ 5.1 119 15
19(33)
09
8
s 13 4.5+ | 6.2 | 124 13
18¢31)
‘Bard, Grey, Unwesthered GLACIAL | 12
SILTY CLAY TILL S
ss ? 4.5« 5.1 113 18
L 131¢18)
Very Stiff, Gray, Umwesthered |- 15 s
GLACIAL SILTY CLAY TILL 8s S 2.3 | 2.2 1109 | 20
8413}
(Bard, Grey LINESTONE
EXPLORATORY BORING DISCONTIMNUED
— 18
N - BLOWS DELIVERED PER FOOT BY A 140 LB. HAMMER % CALIBRATED PENETROMETER READING - TS F
FALLING 30 INCHES - UNCONFINED COMPRESSIVE STRENGTH - T § F
g - SPLIT SPOON SAMPLE - NATURAL DRY DENSITY - PC F
- SHELBY TUBE SAMPLE - NATURAL MOISTURE CONTENT - %

WHITNEY & ASSOCIATES —

Figure 3-38  Boring log as furnished to client. N = SPT value; Q, = pocket penetrometer;: 0, = unconfined compression
test; Dy = estimated unit weight y,; M. = natural water content wy, in percent.
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