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Above r, = pile unit shaft resistance, C,= shaft correlation coefficient
that is changed depending on the soil kind gained from the Eslami -
Fellenius soil profiling in Figure 3.12 and Table 3.1, qp=q,-u,.
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Figure 3.12 The Profiling Chart (Eslami, 1996) (Eslami & Fellenius, 1997) (1.
Very soft clay, or sensitive soils 2. Clay or Silts 3 Clayey silt or silty clay 4a.
Sandy silt 4b. Silty sand 5. Sand to sandy gravel)

Table 3.1 Coefficient, C,

Soil Type C,
1. Soft sensitive soils 8.0%
2. Clay 5.0%
3. Silty clay, stiff clay and silt 2.5%
4a. Sandy silt and silt 1.5%
4b. Fine sand or silty snad 1.0%
5. Sand to sandy gravel 0.4%
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3.3.3 Application to Liquefaction Resistance

One of the main advantages of the CPT is that a continued profile of
penetration resistance can be gained. The continuous profile helps to
gain detailed information of the soil strata and the stratigraphy from the
CPT is useful to grow liquefaction-resistance profiles. However, CPT-
based interpretation must be checked with standard penetration test in
order to confirm soil types and liquefaction-resistance interpretation
(Youd et al., 2001).

The CPT Clean Sand Base Curve offered by Robertson and Wride to
straight determine CRR for clean sands (FC< 5%) from CPT data in
Figure 3.13 (P. Robertson & Wride, 1998). The Figure 3.13 was im-
proved from past CPT-recorded data amassed from some investigations
and data by Stark and Olson and Suzuki et al. are contained as well
(Stark & Olson, 1995; Suzuki, Tokimatsu, Koyamada, Taya, & Kubota,
1995). The Figure 3.13 is accepted with magnitude 7.5 earthquakes. The
Figure 3.13 represents computed cyclic resistance ratio (CRR) drawn
depending on the corrected, dimensionless and normalized CPT resis-
tance q.y from locations where surface effect of liquefaction were or
were not detected after previous earthquakes. The CRR bending line
divides the liquefaction zone from non-liquefaction zone (Youd et al.,
2001). Through the Figure 3.13, we can guess if a site will have liquefac-
tion.

The normalization of end resistance employing below equation is needed
for the CPT procedure. This change produces dimensionless and normal-
ized cone penetration resistance q .y (Youd et al., 2001).

dun = CQ*(qC/Pa) where, C,, = (P,/Jo . )"

From the above C, = normalization factor for cone penetration resis-
tance. P, = 1 atm (=100kPa = 1tsf) and is identical unit to that of the
o’

cone penetration resistance at the tip. C, has large values due to low

n = exponent that changes according to the soil type. q. = field

vo*

overburden pressure at shallow depths. However, values larger than 1.7
should not be adopted. n value is ranged from 0.5 to 1.0 with the grain
characteristics of the soil (Olsen, 1997).

The clean-sand base curve in the Figure 3.13 is roughly represented by
below equation (P. Robertson & Wride, 1998):

57



Chapter 3 Cone Penetration Test

If (qclN)cs< 50 CRR’7<5 = 0833*[(qclN)c§/1000] +005

If 50 < (qclN)cs < 160 CR’R’7.5 :93*[(qc1N)c§/1000]3 + 008

From the above (q.y). =clean-sand cone penetration resistance normal-
ized to roughly 100kPa (latm).
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Figure 3.13 The Graph to Compute CRR from CPT Data from Gained Case
History (P. Robertson & Wride, 1998)

Juang and Jiang showed the chart in the Figure 3.14 in order to express
the liquefaction resistance. This chart represents the probability of lique-
faction P, and the scope of P, value is from 0.1 to 0.9. The curve is
mathematically represented in the below equations (Juang, Chen, Jiang,
& Andrus, 2000).
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CRRyp;_g; = 0.025%(e"4o1)
CRRyp;_g, = 0.033%(e"4o1)
CRRyp;_g5 = 0.038%(e"401)
CRRyp;_g5 = 0.046%(e"401)
CRRpy_y; = 0.057%(e"M)
CRRpy_py = 0.085%(e")

Above, CRR= Cyclic Resistance Ratio, P; = probability of liquefaction
and q,; = Normalized Cone stress
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0.1 1 NO LIQUEFACTION

Cyclic Resistance Ratio, CRR ()
o
w

00 T T T T T T T T T
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Adjusted and Normalized Cone Stress, q.; (MPa)

Figure 3.14 Relation CRR and q¢, according to the P (Juang et al., 2000)

3.4 Estimated Parameters from CPT

A lot of geotechnical parameters are widely spread. Their reliability re-
lies on the experience of the user who has applied parameters. The most
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important thing is the experience of the user when the parameters are
used through the correlations. No formula between the CPT test results
and geotechnical parameters should be applied without considering the
correlations that are gained from different tests outcomes at the site (B.
H. Fellenius, 2014).

3.4.1 Undrained Shear Strength

CPT results are employed to gain undrained shear strength. It is popu-
lar to apply CPT results to gain undrained shear strength although a lot
of means such as unconfined compression test, triaxial testing, in-situ
vane, direct shear, simple shear, standard penetration test, etc. are used
to obtain undrained shear strength. Below equation is normally used to
obtain the undrained shear strength form CPTu (Kulhawy & Mayne,
1990).

T, = (qt_ O-v)/N’kt

From the above t,= undrained shear strength, q, = cone stress corrected
for pore water pressure on shoulder [=q,4u,(1-a)], 0, = entire overbur-
den stress, N, = a coefficient.

N, is in range below and the values are normally used. However, the use
of CPT value in fissured clays is restrained (Meisina, 2013).

Soft clay: Ny, = 14+4
Overconsolidated clay: N, = 17£5

Fissured clay: N,, = 10£30

3.4.2 Friction Angle, phi

The CPTu test results are employed to gain effective friction angle of
sand by using below equations (B. H. Fellenius, 2014).

tgp'= Cy*log(q,/0",)+Kq

From above ¢~ = effective friction angle, C, = a coefficient; C, =
0.37(=1/2.68), K, = a coefficient; K, =0.1, g, = cone stress corrected for
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pore water pressure on shoulder [=q.+u,(1-a)], 0, = effective overbur-

v

den stress.

3.4.3 Overconsolidation Ratio, OCR

The correlation between the CPT test results and the overconsolidation
ratio, OCR has been introduced and the equation is shown below
(Kulhawy & Mayne, 1990).

OCR = COCR.*(qt_o V)/ o-,v

From above OCR=overconsolidation ratio, C,,z = a coefficient
(0.2<Cyer<0.3), q,= cone stress corrected for pore water pressure on
shoulder [=q.+u,(1-a)], 0,= entire overburden stress, 0’ = effective

A

overburden stress.

3.4.4 Earth Stress Coefficient, K,

Earth stress coefficient, K, is related to the CPT, results and the equa-
tion is shown below about this (Kulhawy & Mayne, 1990).

Ko = CK*(qt_ o-v)/o-,

v

From above, K, = earth stress coefficient, Cx = a coefficient(=0.1), gq,=
cone stress corrected for pore water pressure on shoulder [=q.+u,(1-a)],
0 .= total vertical stress, 0°, = effective overburden stress.

3.4.5 Sensitivity

The sensitivity (S,) is regarded as a standard to judge a hard field per-
formance and problematic construction in silts and soft clays. The fric-
tion sleeve value obtained from the CPT can be indicated for remolded
undrained shear strength: f=S  (Gorman, Drnevich, & Hopkins, 1975).
The index of the sensitivity(S,) from soil layers may be gained by repre-
senting the proportion of top shear strength to changed value (P. Mayne,
2007).

S, = 0.073%(q- 0,,)/f,

From above S, = sensitivity, 0, = total vertical stress, f, = cone sleeve

vo

friction, q,= cone stress corrected for pore water pressure on shoulder
[=dctuy(1-a)].
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3.4.6 Relative Density

It is normal to calculate relative density (D,) by in-situ tests in clean
sands that have fines content less than 15%. Jamiolkowski et al. recently
re-examined a lot of calibration chamber tests (CCT) data and he dis-
covered a relation between normalized cone tip stress and relative den-
sity. The relation is shown below and the influence of sand compressibil-
ity is represented in Figure 3.15(Jamiolkowski, Lo Presti, & Manassero,
2001). The Figure 3.15 shows that the higher compressibility the soils
have, the higher D, values are gained when the normalized tip resistance
is same.

Dr = 100*[0268*[1n(qt/catm) - ln(o,vo/oatm)0‘51_0'675]

From above D, = relative density of sand, q, = cone stress corrected for
pore water pressure on shoulder [=q.+u,(1-a)], 0, ,=atmospheric pres-
sure (1 atm = 1 bar = 100kPa - 1tsf -14.7 psi).

Relative Density, D g (%)

\lﬂ-—- L2 .

Dy = 1000268 In -_—“*—-5&---|—o¢75]

0 = T —r—rrTrTrrt T —r— T Trrri

10 10 1000

Normalized Tip Stress (bars): gy = qd(oy')™

Figure 3.15 Relationship among Relative Density, Normalized Tip Stress and
Sand Compression. (Jamiolkowski et al., 2001)
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3.4.7 Constrained Modulus

The relation between cone penetration resistance (q.) and constrained
modulus (M) is shown below.

M =1/m, =a*q,

From above m, = volumetric compressibility = Av/v/Ap. a value is
changed according to the cohesive soil types and cone resistance values
shown below Table 3.2. However, « value is normally ranged from 1.5 to
4.0 for sand (P. K. Robertson & Campanella, 1983).

Table 3.2 Estimation of Constrained Modulus, M (Mitchell &
Gardner, 1975)

q. < 0.7MPa 3<a<8
Cl ith 1 lastic-
0.7MPa < q, < 2.0MPa 2<a<h Yy oLy
q. > 2.0MPa 1<a<2.5
q. > 2.0MPa 3< a<6 . . .
Silts with low plasticity
(ML)
q. < 2.0MPa 1<a<3
Highly plastic silts and
q. < 2.0MPa 2<a<6 clays (MH, CH)
q.< 1.2MPa 2<a<8 Organic silts (OL)
q. < 0.7MPa
50 <w <100 15<a<4 .
Peat and organic clay
(P,, OH)
100 < w < 200 1<a<1.5
200 > w 04<a<1

note: w=water content
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3.4.8 Shear Wave Velocity

Shear wave velocity (V,) is normally gained in every material such as
gravels, fractured and intact rocks, gravels, sands, silts and clays. Shear
wave velocity is obtained by using laboratory tests and various field geo-
physical tests (Campanella, 1994). Using SCPT and downhole geophys-
ics test is the best way to gain shear wave velocity. However, if SCPT is
not applicable, it may be needed to gain shear wave velocity through
empirical connections and the empirical connection also helps to verify
the gained shear wave velocity (Lunne, Robertson, & Powell, 1997)
(Schnaid, 2005). The correlation between V, and cone penetration test is
represented below according to the soil types.

Sands: V., = 277%(q)""® *(o’

S

Jamiolkowski, & Lo Presti, 1991)

)%2"  (Baldi, Bellotti, Ghionna,

vo

Clays: V, = 1.75%(q,)*®" (P. W. Mayne & Rix, 1995)

From above V, = shear wave velocity, q, = stress corrected for pore wa-
ter pressure on shoulder [=q.+u,(1-a)], 0°,, = effective overburden stress
(MPa).

3.4.9 Soil Unit Weight

Soil unit weight (y) is usually gained by bringing undisturbed samples
from under the ground and checking a weight of the soil volume. When
this method is not available, the soil unit weight is estimated below cor-
relations and in the Figure 3.16(P. Robertson, 2010a).

Y/Y. = 0.27(logR;) + 0.36[log(q,/P,)] + 1.236

From above R, =friction ratio [= (f,/q,)*100], vy, = unit weight of water
identical to unit of y, P, = atmospheric pressure identical to unit of q;.
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Friction Ratio, Ry= (f/q) x 100(%)
Figure 3.16 Relation between CPT and y/y,

3.4.10 Hydraulic Conductivity and Fine Contents

Hydraulic conductivity (coefficient of permeability) k is gained through
the CPT SBT Table 3.3. The Table 3.3 gives approximate values of k.
The values in the Table 3.3 are approximate but it can be used for
guideline of possibility permeability (P. Robertson, 2010a)..

Table 3.3 Hydraulic conductivity (k) depending on the SBT chart (P.
Robertson, 2010a).

SBT zone SBT Range of k (m/s) SBT I,
1 Sensitive fine- 3x10%0 3x10° N/A
grained
9 Clay-organic 1x10"%01x10™
soils I.>3.60
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Clay

Silts mixtures

1x10"%01x10™

3x10°t0 1x107

2.95 < 1. < 3.60

2.60< 1.<2.95

Sand mixture 1x10"t01x107 2.05< I.<2.60
Sand 1x10°to1x10® 1.31< I.<2.05
Dense sand to 3
gravelly sand 1x107tol I.<1.31
*Qy; ‘
Stiff sand to 1x10%to1x10° N/A
clayey sand
Qs o
ST fine- 1x10°t01x10” N/A
grained

*Overconsolidated or cemented

In the Figure 3.17 the normalized cone parameter Q, and F, are con-
nected to the Soil Behaviour Type index I . I. is the radius of the con-
centric circles that shows the borders between SBT zones and it is effec-
tively used to the mixed soil area (P. Robertson, 2010b). The equation
about these parameters is represented below (P. Robertson, 1990).

I = ((347-logQ,)+ (logF,+1.22)%)°"

From above Q, = normalized cone penetration resistance|=(q,-0 ,,)/0 "],
F, = normalized friction ratio[=f,/(q,- 0 ,,)]*100%, I. = Soil Behaviour
Type index.

I, value is used to calculate fine contents (FC) as well and the correla-
tions between them is represented below.

1.<1.26 , FC(%)=0
1.26 <I,<3.5, FC(%) = 1.75*1*%-3.75

I, >3.5, FC(%) = 100%.
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Figure 3.17 Normalized Soil Behaviour Type Chart (P. Robertson, 1990)
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4 SPT-CPT Correlation

4.1 Introduction of SPT-CPT Correlation

The Standard Penetration Test (SPT) is widely employed in-situ test.
Even though there have been continuous attempts to standardize the
SPT process, it is still hard to have the reliability and repeatability of
the SPT. A significant experience related to the design methods from
the local SPT correlation has been built. However, with time passed,
direct CPT design interactions will be grown as well on the basis of local
experience and field examination. Therefore, it is necessary to make cor-
relation between SPT and CPT in order to use SPT-based data that
already exist(P. Robertson et al., 1983).

4.2 The Correlation between q. and N

There have been a lot of researches (Figure 4.1) in order to express the
relation between SPT N and CPT cone penetration resistance q. as a
number. The ratios of q.,/N have broad ranges and the ratios were re-
leased causing plenty of confusions. The change in released q./N ratio
can be theoretically explained to some extent reconsidering between
q./N ratios and mean grain size (D) as represented in Figure 4.1. It is
obvious that the values of q./N ratios rise with rising mean grain size.
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The spread data is also increasing with increasing mean grain size. This
is because the embedment of gravelly sand (D, = 1.0mm) is significantly
affected by the larger each gravel sized particles and changes of the
travelled energy in the SPT data. Moreover, sands are normally strati-
fied and heterogeneous leading to very quick change of the cone penetra-
tion resistance in CPT (P. Robertson et al., 1983). Studies by Martines
and Furtado and Douglas have presented that SPT hammer type and
soil density make q./N values changed. Particularly SPT hammer type
considerably affects the q./N value because it has influence on the trav-
elling energy to the rods. Data shown in the Figure 4.1 was gained by
employing the standard donut type hammer with a rope and cathead
system(Martins, 1963) (Douglas, 1982). It is represented by Schmert-
mann that q,/N rises in sensitive clays (J. Schmertmann, 1976).

q:.bnrs ;i N,blows/foot (lbar=I100kPa)

CLAYEY SILTS SANDY SILT

L':L.t"rln B SILTY CLaY & SILT SILTY SAND SAND
4
9
B
= T
-
ﬂ'u €
o 5
T 4
o 12
3 i
12 E _
¢ [l L
1
O
0.001 0.01 0.1 1.0,

MEAN GRAIN SIZE, D,,,mm

Figure 4.1 The Relation between q./N and Mean Grain Size from the Previous
Studies

In the above Figure 4.1

1. Meyerhof(1956), 2. Meigh and Nixon 3. Rodin (1981), 4. De Alencar
Velloso(1959), 5. Schmertmann(1970), 6. Sutherland(1974), 7. Thorn-
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burn & Macvicar (1974), 8. Campanella et al. (1979), 9. Nixon(1982), 10.
Kruizinga(1982), 11. Douglas(1982), 12. Muromachi & Kobayashi (1982),
13. Goel(1982), 14. Ishihara & Koga(1981), 15. Laing(1983), 16. Mitchell
(1983).

TILBURY ISLAND SITE: [J SPT N, ER,= 47% and B SPT N, ER,
=55%

UBC SITE, McDonald's Form: O SPT N, ER; =65% and @ SPT N,
ER, =55%

4.2.1 Tilbury Island in Canada

The area of Tilbury Island is made up of a dense deltaic fine sand layer
below around 7m depth and the mean grain size (Dj,) of sand layer was
around 0.25mm. The sand was covered by approximate 7m of a soft in-
ter-bedded silt, clay and sand layer. Ground water level was placed ap-
proximate 1.5m from ground level. SPT was carried out employing vari-
ous operators and rotary drillrigs (Longyear 34, 38 and Mayhew 100).
Standard donut and safety hammers were employed respectively. The
hammers had influence on anvils fixed to a string of Aw drill rods and
standard 2 in. type with split liners employed as the spoons. Turning
rope around the cathead two times were applied to make hammers
worked. Drilling mud and casing were employed to make the Longyear
drillholes drilled. The casing moved 6 m back before each SPT worked.
Holes made by Mayhew 1000 and the holes are held up by bentonite
mud (P. Robertson et al., 1983).

Various N values were detected by employing dissimilar hammer types
and operators. The average energy was 47% of the theoretical maximum
energy when the donut hammer was employed for sand. The average
value of q./N ratios for sands was 4.2 as shown in Figure 4.1(P.
Robertson et al., 1983). The N values for donut hammer were corrected
to the N values of 55% energy ratio. The correction was performed pre-
suming that N value varied with energy (J. H. Schmertmann & Palacios,
1979). After N value was corrected, q./N, was 4.9. From above it is
proved that the q./N value is 4.2 before it is corrected and this value is
placed slightly low under the curve. However, when the N value is cor-
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rected, q./N, ratio is remarkably matched well with the historical data
shown in Figure 4.1(P. Robertson et al., 1983).

4.2.2 UBC Research Site in Canada

Both SPT and CPT data were gained from the UBC research site and
this is placed 8 km west of the Tilbury Island site. Upper 2 m under the
ground level at the spot is made up of soft, compressible clays and silts.
A sand layer is located between 2m and 13m from the ground surface.
The sand consists of medium to coarse grain size (D;, = 0.45mm) with
narrow strata of medium to fine sand. Groundwater level is around 1 m
below ground level. N values are gained employing a BBS-37A rotary
drillrig offered and performed by the B.C. Ministry of Highways and
Transportation. Turing the rope one time around the cathead was em-
ployed to perform the standard safety hammer. By employing mud and
casing, the hole was made(P. Robertson et al., 1983).

However, the SPT calibrator was unavailable at that time so that en-
ergy measurement was not performed. Both this operator and rig will be
adjusted later (P. Robertson et al., 1983). In the meantime, the study
by Kovacs and Salomone would show that turning the rope one time
around the cathead and employing a safety hammer creates a 20% larger
energy than turning the rope two times around the cathead. Thus, the
amount of energy can be presumed to be around 65%-70% (W. D.
Kovacs & Salomone, 1982). The mean q./N ratio for the sand (D,
=0.45mm) was 7 as indicated in Figure 4.1. If the amount of energy is
corrected to 55%, q./N value becomes 5.7 as represented in Figure 4.1.
When the level of energy is high employing one turn of the rope around
the cathead, q./N values become higher than the historical mean (P.
Robertson et al., 1983).

4.2.3 Fraser River Delta Area in Canada

The site is called as the Jacombs Road site as well and is made up of
4.5m organic sandy silts covering over approximate 15m of medium to
medium-fine sands. The mean level of energy for the SPT was 56% and
a mean value of q,/N in the sand (mean D,;=0.23mm) is 4.4. Even if the
level of energy is corrected to 55%, the mean q./N value is not consid-
erably changed. q./N is 4.4 and D,, has 0.23mm. The corresponding
value to these values is placed a little under the curve in Figure 4.1.
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This value matches well with the historical data in the Figure 4.1(P.
Robertson et al., 1983).

4.2.4 Kuwait

Windblown deposits in Kuwait are made up of fine calcareous sands.
The fine calcareous sands become thicker with increasing depth and are
altered to silty sands. Five spots (Andalus, Riggae, Yarmouk, Cordoba
and Salmiya) were picked within the narrow area for in-situ cone tests
and borings. One hollow stem auger boring and a minimum of three
cone penetration tests at each spot in the area around the boring were
carried out(Ismael & Jeragh, 1986).

Dutch cone penetrometer conversion equipment was used for test and
the conversion equipment is changed to the CME 750-XL drill rig that
are used to a mechanical cone penetrometer operator with ease. The
drill has at least pulling down force of 4.54Mg (5 tons) and this force
can be raised when the drill is anchored to a string of augers that are
moved into the underground soils. The conversion kit is made up of a
9.98Mg (11ton) hydraulic load cell and gauges, a depth pointer instru-
ment, pulling equipment, rod extensions, sounding tube, mantle cones
and friction jacket cones. The gradually happening sounding procedure
over time was followed to carry out the tests by employing friction
jacket cone(Ismael & Jeragh, 1986).

The procedure is made up of determining cone point resistance for the
first 3.5 cm of stroke. Afterwards the cone is involved in the friction
jacket. During the final 3.5cm stroke, the cone point resistance and
jacket frictional resistance are connected. After the first step is com-
pleted, the tube to measure depth is moved to the next step depth.
From the tests the mean q,/N is ranged from 4.2 to 5.6 and the total
mean is 4.9. When the gained data and historical data shown in Figure
4.2 are compared, similar results are represented. It should be noticed
that the standard donut-type hammer with two turning rope around the
cathead was employed for the obtained data and most of the data pre-
sented in Figure 4.2. However, energy level was not corrected because
the mean energy ratio in the drill rods was not gauged when the stan-
dard penetration tests were operated (Ismael & Jeragh, 1986).
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Figure 4.2 Relation between q./N and Mean Grain Size in Kuwait

4.2.5 Hsinta Power Plant in Taiwan

In order to arrange the initial design, 18 CPT were performed and 7
boreholes were drilled. The sites where the tests are performed have sub-
soil conditions divided into three strata. The peak stratum is made up of
hydraulic sand fill and natural sand that have around 7m whole thick-
ness. Under this sand stratum clay stratum is placed. Sand stratum has
35m thickness below this clay. Below 2.5 m from the ground level there
is the ground water table (Chin, Duann, & Kao, 1990).

As shown by the Unified Soil Classification System (Table A-4), the
peak layer that consists of the hydraulic sand fill and natural sand are
normally represented as SM (sitly sand). When SPT were performed, a
rope and cathead are employed to lift and fall the donut type hammer.
Energy level is correlated to the 55% of the standard energy level. Cone
Penetration Tests were used at overall 35 data points of sand deposits.
Data from Hsinta site were put on Figure 4.3 and the data show that
the bending line presented by Robertson et al. represents sensible mean,
but the direct application of this bending line may lead to considerable
deviation because the data shown in Figure 4.3 is on the basis of the N
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value corrected by the amount of energy. If the N value had not been
corrected, q./N would have much more spread (Chin et al., 1990).
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Figure 4.3 Relation between q./N and Mean Grain Size in Hsinta power plant
and in Alameda, California

4.2.6 Harbor Bay Businees Park Project in Alameda,
California

This place that has 400-acre(160-hectare) is at the end of the part in
San Francisco Bay and this has smooth and level surface. In this place
the correlation tests were performed and the soil is made up of hydraulic
sand fill under the natural sand. The hydraulically filled sand has
around 18 ft (5-1/2m) thickness. Before around 16 years, the hydrauli-
cally filled sand had been pumped into this spot. The fill can be re-
garded as relatively new deposits when it is compared with the Pleisto-
cene Age natural sand which is under these new deposits(Kasim, Chu, &
Jensen, 1986).

The hydraulically filled sand is represented SP-SM as shown by the Uni-
fied Soil Classification System (Table A-4). The natural sand is normally
represented as SM and sometimes as SM-SC. Hogentogler type electron-
ic cone was employed for cone penetration tests. Tip-resistance, rod in-
clination and side friction were measured through this cone tests. Safety
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type hammer was used for SPT and during the test parameters can lead
to the variation of the travelled energy and of the measured blow counts.
Theses parameters were controlled to have the same energy to US stan-
dard practice and to the data shown by Robertson and Campenella(P.
K. Robertson & Campanella, 1984).

Particle size analyses were carried out on 14 normal samples gained by
the SPT sampler and the data about this is represented in Table A-6.
Before the tests were performed, substances like clay lumps or bentonite
“driller’s mud” were eliminated. It is noticed that from this work and
works made for other adjacent parts of the larger project sits the percen-
tage of fines for the hydraulically filled sand and natural sand have 10%
and 20%, respectively. A whole 65 test information points were chosen
for the correlations in Table A-7. The relation between N and g, was
created by representing g, as the mean over the same 12-in(30-cm) when
N values were measured. The tests results from this work were
represented with q./N and the mean grain size in Figure 4.3. The more
detailed information is shown in Figure 4.4. Empty circles and triangles
are used for each hydraulic and natural sands in the Figure 4.4, respec-
tively. Although Robertson and Campanella curve indicates good aver-
age about the previous studies, the work that performed in this area are
significantly spread (Kasim et al., 1986).
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Figure 4.4 Correlation between q,/N and mean grain size
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5 Conclusion

In my conclusion and according to the studies in chapter 4, I have men-
tioned in the thesis, it is useful to develop the correlation between CPT
and SPT, because after correlating we will obtain plentiful data based
on SPT. I want to underline the importance of the correlation between
the two methods, SPT and CPT.

The historical data curve of q.,/N and D,, were presented in the Figure
4.1 and were gained employing the standard donut-type hammer of 55%
energy level and cathead system with two turns of rope. Historical data
values are matched well with the values in the Tilbury island, UBC re-
search site and Fraser river delta area in Canada. As shown in the chap-
ter 4, when the different hammers are used or turning rope is not two
times, the values of historical data are not matched well with the values
in the above mentioned 3 sites.

The obtained data in Kuwait were compared with the historical data
curve in Figure 4.2. However, the value gained from the Kuwait is
placed a bit over the historical data curve even though the standard do-
nut-type hammer with two turning rope around the cathead was used.
The obtained data in Hsinta power plant and Harbor bay Business Park
project in Alameda in California were compared with the historical data
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in Figure 4.3. The test results still are scatted even if the same hammer
of 55% energy level is used.

In the first 3 places in Canada, the correlation between q./N and Dy, is
applied after the correction of the hammer energy level to 55% so that
the results are very similar to the historical data curve in Figure 4.1. In
the Kuwait the correlation value between q.,/N and D, is placed a bit
over the historical data curve. This may be because the mean energy
ratio was not recorded when the SPT was performed even though the
standard donut-type hammer with two turning rope around the cathead
was used. Therefore, we do not know the energy level applied in this
area and that may be the reason why the historical data values and a
newly gained value are a bit different. In addition, the sand in Kuwait is
calcareous so that it could be the other reason (Ahmed, Agaiby, &
Abdel-Rahman, 2013).

The obtained data in Hsinta power plant and Harbor bay Business Park
project in Alameda in California was good. However, the data is still
spread, even if the standard donut-type hammer of 55% energy and cat-
head system with two turns of rope were used, and soil type is not
unique. Therefore, other factors could be doubted. Other information of
the sites is shown in the Table A-5, Table A-6 and Table A-7. It is nor-
mally estimated that the fines content have a tendency to be inversely
proportional to the q./N values in the data. Therefore, fines content
could be the reason why the data are spread. Even though the correla-
tion between q./N and D;, are not totally matched with the historical
data, it is acceptable results to be used. Nevertheless, care has to be giv-
en when this correlation is utilized since it still needs further improve-
ment to increase the reliability.
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6 Recommendation for Further Work

From the above mentioned conclusions, it is recommended to study the
correlation between q./N and fines content to improve the reliability of
the correlation between q./N and D, because q./N values are correlated
with the fine content. (Chin et al., 1990) It is also recommended to
study more samples about the correlation between q./N and D, in vari-
ous sites to sharpen the reliability of the q./N and D;, When the corre-
lation between q./N and D, has high reliability, SPT-based data is ap-
plied for CPT. Moreover, we can save money and gain soil parameters
easily by using the correlation between q./N and D;,. N-value can be
estimated by using the correlation between q./N and Dy, when the CPT
data is obtained. The obtained N-value from the correlation has a ten-
dency to be more correct than that from the SPT due to the repeatabili-
ty problem of the SPT (Jefferies, 1993).

We can obtain other parameters such as cone sleeve friction (f;) and
friction ratio (F,) from the CPT so that it is needed to study between N
value and cone sleeve friction or friction ratio to obtain more informa-
tion about the correlation between SPT and CPT (J. H. Schmertmann,
1970). In addition, each SPT and CPT results is used to obtain the po-
tential of liquefaction so that it may be useful to study the correlation

between the q.,/N and probability of liquefaction. When a site has low
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probability of liquefaction, how the value of q./N is and when a site has
high probability of liquefaction, how the value of q./N is.
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Table A-1 Types of Sampler

Appendix A

Sampler

Split-
Barrel
(Split
Spoon)

Thin-
Walled

Shelby
Tube

Continu-
ous Push

Piston

Pitcher

Denison

Modified
Califor-
nia

Disturbed/
Undisturbed

Disturbed

Undisturbed

Partially
Undisturbed

Undisturbed

Undisturbed

Undisturbed

Disturbed

Appropriate Soil
Types

Sands, silts, clays

Clays, silts, fine-
grained soils, clayey
sands

Sands, silts,& clays

Silts and clays

Stiff to hard clay, silt,
sand, partially
weather rock, and
frozen or resin im-
pregnated granular
soil

Stiff to hard clay, silt,
sand and partially
weather rock

Sands, silts, clays,
and gravels

89

Method of
Penetra-
tion

Hammer
driven

Mechani-
cally
Pushed

Hydraulic
push with
plastic
lining

Hydraulic
Push

Rotation
and hy-
draulic
pressure

Rotation
and hy-
draulic
pressure

Hammer
driven
(large
split
spoon)

%
Use in
Prac-
tice
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<1
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Continu-
ous Au-
ger

Bulk

Block

Disturbed

Disturbed

Undisturbed

Cohesive soils

Gravels, Sands, Silts,
Clays

Cohesive soils and

frozen or resin im-

pregnated granular
soil

Drilling
with Hol-
low Stem

Augers

Hand
tools,
bucket
augering

Hand
tools

<1

<1

<1

Table A-2 Energy Ratio in the Countries Depending on the Hammer
and Release Types (Skempton, 1986)

Country Hammer Release ER, (%) ER,/60
Donut Tombi 78 1.3
Japan
Donut 2 turns of 65 1.1
rope
Pilcon type Trip 60 1.0
China
Donut Manual 95 0.9
Safety 2 turns of 55 0.9
rope
USA
Donut 2 turns of 45 0.75
rope
Pilcon, .
Dando, Trip 60 1.0
UK
2 turns of
Old standard 50 0.8
rope
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Table A-3 Grain Size Scale

Size range Aggregate name
(metric) (Wentworth Class)
>256 mm Boulder
64—256 mm Cobble
32—64 mm Very coarse gravel
16—32 mm Coarse gravel
8—16 mm Medium gravel
4-8 mm Fine gravel
2—4 mm Very fine gravel
1-2 mm Very coarse sand
0.5—1 mm Coarse sand
0.25-5mm Medium sand

0.125—-0.250 mm

0.0625—0.125 mm

0.00390625—0.0625 mm

<0.00390625 mm

<0.001 mm

Fine sand
Very fine sand
Silt
Clay

Colloid

Table A-4 Unified Soil Classification System

Major divisions

Group Group
symbol name
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Highly organic soils Pt Peat

Table A-5 Data of SPT, CPT and Particle Size in Hsinta Site

Depth N de Friction  Fine Con- D,
(m) 5 (kg/cm?®) Ratio (%) tent (%) (mm)
2.0 12.85 48.14 0.26 35 0.1
4.0 5.00 13.46 0.43 25 0.17
38.5 39.96 134.84 0.78 25 0.095
44.5 77.07 170.65 1.27 44 0.083
21.0 30.68 106.59 0.91 23 0.100
31.0 29.29 62.32 0.30 37 0.084
33.0 19.52 63.65 0.28 46 0.078
37.0 23.71 76.19 0.40 45 0.081
1.0 14.97 64.87 0.73 28 0.120
2.0 11.23 49.06 0.49 25 0.170
3.0 8.73 42.02 0.48 18 0.140
4.0 14.97 46.21 0.56 21 0.200
21.0 41.16 99.45 0.82 18 0.110
31.0 24.95 73.24 0.45 37 0.120
37.0 47.40 131.07 1.03 46 0.080
39.0 51.14 153.51 1.25 34 0.120
41.0 52.39 184.93 1.82 33 0.130
5.0 16.73 48.55 0.04 13 0.290
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29.97

41.39

68.51

67.01

114.04

54.16

88.03
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93.53

150.25

169.93

104.86

44.68

36.92

61.71

70.99

61.40

129.44

208.08

183.80

0.63

0.02

0.81

0.10

0.29

0.54

0.89

1.45

1.17

0.41

0.29

0.29

0.93

0.36

1.22

1.22

1.78

24

17

18

24

25

34

48

32

46

17

15

23

36

31
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21
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0.170

0.180

0.120

0.250

0.140

0.120

0.077

0.110

0.080

0.110

0.180

0.260

0.110

0.120

0.110

0.110

0.080

Table A-6 Particle Size Data in Alameda, California

Passing Sieve (%)

Sample # D50(mm) Fines (%)
1) 2) (3) 730 750 #100
(4) (5) (6)
1 0.2 9 99 84 25
2 0.18 11 100 94 31
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3 0.14
4 0.17
) 0.25
6 0.2
7 0.28
8 0.18
9 0.27
10 0.22
11 0.18
12 0.24
13 0.25
14 0.26

19
31

17

26
18
15

20

100
100
99
99
98
100
99
100
100
99
99
100

99
99
71
76
o8
94
o7
79
81
63
60
56

92
38
11

28

28

15
41
25
21

25

Table A-7 Penetration records in Alameda, California

Depth Measured Corrected Qe Depth  Measured Corrected Qe
ft N® N (kg/cm?) (ft; N® N (kg/cm?)

(1) (2) 3) (4) (5 (6) () (8)
(a) Test Location 1 (e) Test Location 5

2 25 25 106 3 19 19 115

5 27 27 123 6(7) 9 9 59

8 28 28 119 35.2% 49 49 80
14.6 26 26 113 (f) Test Location 6

17.1 6 6 41 3 31(1) 41.3 236

34.2" 10 10 60 6 26(1) 34.7 142
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37.2° 53 53 184 9(8) 22(1) 29.3 94
(b) Test Location 2 33.7* 41(1) 54.7 180
2 29 29 156 (g) Test Location 7
5 62 62 271 3 34(1) 45.3 254
8 31 31 186 6 39(1) 52 285
11.1 18 18 103 9 40(1) 53.3 293
14.1 21 21 79 12.1 47(1) 62.7 242
17.1 8 8 50 18.1(9) 15(1) 20 74
28.6" 9 9 30 21.1* 5(1) 6.7 33
31.2° 24 24 54 24.1% 18(1) 24 171
34.2° 31 31 110 (h) Test Location 8
(C) Test Location 3 2.5(10) 17(1) 22.7 153
3 39 39 152 5.5 33(1) 44 230
6(1) 47 47 185 8.5 43(1) 57.3 231
9 36 36 133 11.6 54 54 350
12 19 19 76 17.6 12(1) 16 42
15.1(2) 7 7 34 20.6* 5(1) 6.7 17
18.1(3) 2 2 4 23.6%(11)  13(1) 17.3 76
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33.2%(4) 4 4 9 26.6* 9(1) 12 241
37.2% 27 27 67 (i) Test Location 9

(d) Test Location 4 6.1 21(2) 35 119

3 12 12 80 7.6 32(2) 53.3 85

6 28 28 155 9.1 19(2) 31.7 79

9 25 25 157 10.7 6(2) 10 63

12(5) 19 19 99 15.2 23(2) 38.3 180

15.1 30 30 145 | 17.2(12)  13(2) 21.7 116

29.2%(6) 24 24 66 19.2%* 11(2) 18.3 67

34.2% 40 40 133 |20.7%(13)  16(2) 26.7 75

39.2%* 32 32 196 23.2% 28(2) 46.7 172

31.3* 25(2) 41.7 107

40.2(14)  10(2) 16.7 68

Note: "Depth represents the half point of SPT. marks beside the depth indicate
natural sand and other one indicates hydraulically filled sand. Numbers in paren-
theses beside the depth indicate the sampler numbers in Table A-5.

PSPT procedures: SPT performed with safety hammer and three times binding, and
N is related to the standard energy ratio 55%. (1) SPT was carried out with safety
hammer and two times binding but it was corrected to the standard donut hammer
and two times binding as shown by Kocacs (W. D. Kovacs & Salomone, 1982) (W.
Kovacs, Yokel, Salomone, & Holtz, 1984) or (2) SPT was performed employing no
liners for sampler to be employed with liner, and safety hammer and two times
binding was employed. However, it was corrected as above (1).
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Representative SPT Profile
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Figure A-2 Example of soil classification by SPT
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