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The N-value of soil in the pressurized sand tank was necessary for
comparing the results of loading test on model pile and actual pile. The
relationships between relative density after pressurizing the soil, vertical
loading pressure and the NV-value were obtained from the standard
penetration test in the tank. Using these relationships, the relationship
between the bearing capacity of the model pile and the N-value was
determined. By comparing this relationship with similar relationships
obtained from the loading tests of actual pile, the results of model
loading test using the tank and those of the standard penetration test
were validated.

1. Introduction

Some of the authors of this report have been conducting model
loading tests related to pile toe grouted base in the bored piling
method using pressurized sand tank V2. The tank was used
because it is important to reproduce the stress condition of the
actual soil in the model soil®. The Mvalue of soil in the tank was
necessary for comparing the results of loading test on model pile
and that of actual pile. However, the findings of research®®
already carried out to study the relationship between the relative
density of soil in the tank, the vertical loading pressure and the
N-value were not used because the test conditions were different;
that is, the vertical loading pressure was smaller than that of the
soil in the tank used in the model loading test, and so on. The
standard penetration test was carried out in the tank and the
relationships between relative density after pressurizing the soil
Dre, vertical loading pressure pv and N-value were studied. The
relationships obtained were used to assess the soil of the model
loading test, and the bearing capacity of the model pile was
validated from the results of the loading test on the actual pile.
2. Standard penetration test
2.1 Overview of test

Fig. 1 shows the test apparatus. The pressurized sand tank is a
steel tank with an inside diameter of 584 mm, height of 700 mm
and thickness of 15 mm. To reduce the frictional resistance

between the soil and the inside wall surface of the tank, two

layers of teflon sheets (with silicone grease applied between the
sheets) were affixed on the inside wall surface (refer to Reference
9). The pressurizing plate for applying vertical loading pressure
on the soil was a rigid steel plate with an outside diameter of 568
mm and thickness of 30 mm. A hole (diameter 100 mm) was
made at the centre of the plate for penetration of the sampler.
Vertical loading pressure was applied on the soil using four
hydraulic jacks (capacity 50 kN each) through the pressurizing
plate.

The sand used for the model soil was Yodo River sand. After
washing with water, the sand was passed through a 1.2 mm sieve
and dried naturally. Table 1 shows the physical properties of
sand, while Fig. 2 shows the results of the grain size analysis.
The sandy soil was prepared by multiple sieving pluviation
method using hose-type sand rainer, as shown in Fig. 3 (refer to
Reference 10). The hose-type sand rainer can be used to control
the relative density of soil by varying the diameter d of the hole
in the flow regulating plate and the height through which sand
falls.

Standard penetration test apparatus complying with JIS A
1219 was used. Automatic drop system (semi-automatic type)
was used so that the weight could be dropped from a specific
height (76+1 cm). When the catcher in contact with the weight
passes the protrusion of the rod, the weight dissociates from the

catcher.
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The test parameters were: four vertical loading pressures pvat

150, 300, 450, 600 kN/m2, and four values of relative density

before pressurizing the soil Dri at approximately 60, 70, 80, 90 %.

The test was performed by applying vertical loading pressure
after preparing the soil. After pre-driving to 15 cm from the soil
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Fig.1. Test apparatus

Table 1. Properties of sand

Soil particle density p, (gfem’) 2.62
Mean grain size D 5, (mm) 0.54
Uniformity coefficient U, 2.17
Dry unit weight in 3
densest condition P dmax (g/em’) 1.631
Dry unit weight in 3
loosest condition P dmin (/o) 1314
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Fig.2. Grain size distribution
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surface, main driving was performed through 30 cm, and the
penetration of the sampler for each blow and the displacement of
the pressurizing plate were measured. Moreover, the relative
density before and after pressurization was calculated from the
mass of the sand in the pressurized sand tank and from the tank
volume before and after pressurizing the soil. It was confirmed
from the earth pressure gauge installed on the bottom of the
tank that the vertical loading pressure had reached the bottom

without any reduction in its value.
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Fig.3. Hose—type sand rainer

2.2 Test results

Fig. 4 and Fig. 5 show various relationships for vertical loading
pressure pv = 600 kN/m? as examples of the test results. Fig. 4
shows the relationship between sampler cumulative penetration
and blow count during the main driving, while Fig. 5 shows the
relationship between the axial strain of the soil and the
cumulative penetration. The strain in the axial direction is the
displacement of the pressurizing plate during main driving
divided by the height of the test soil after pre-driving. From Fig.
4, it is observed that the larger the relative density, the greater is
the blow count required for sampler penetration of 30 cm; it is
also seen that with the increase in the cumulative penetration,
the penetration per blow reduces.

From Fig. 5, it is observed that when the relative density
before pressurization Dri is approximately 60 or 70 %, the
pressurizing plate settles with the penetration of the sampler;
however, when Driis approximately 80 or 90 %, the soil expands
during the penetration. Practically no change was observed in
the value of the earth pressure gauge due to penetration of the
sampler.

Table 2 shows the results of the test. It shows the MN-value
determined from the blow count when the penetration at main
driving was 30 cm, and the relative density after pressurization
Dre. Fig. 6 shows the relationship between N-value and Dre. The
magnitude of the vertical loading pressure is indicated by

different symbols in the figure. The figure shows that as Dre



increases, or as pv increases, the Mvalue also increases.
Multiple regression analysis was carried out taking Dre and pv
as independent variables, and the N-value as dependent variable,
then the regression equation below was obtained. The reason for
taking the regression equation as a exponential function is to
select a function such that the correlation coefficient becomes
large.
N=exp (2.210 In Drc+ 0.646 In pv—10.437) (1)

Multiple correlation coefficient : R = 0.988

[Applicable range : pv= 150 to 600 kN/m2, Drc= 65 to 100 %]

The curves in Fig. 6 are regression curves obtained by the

equation above.
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Table 2. Results of Standard penetration tests

Vertical Relative Relat.lve .
. . density Penetration
loading density ..
. (after resisitance
pressure (initial) .
pressurization) N -value
pv (kN/mz) Dri (%) Drc (%)
61.5 68.2 8.2
69.8 74.6 10.4
150 76.6 80.5 104
90.1 92.0 18.8
60.6 69.6 15.7
70.8 76.5 16.9
300 76.2 82.1 19.5
91.9 95.5 27.6
62.9 71.7 18.8
73.5 80.5 23.1
450 79.0 84.8 25.2
91.4 95.9 38.7
60.8 70.9 23.7
72.7 80.0 29.6
600 87.9 91.5 37.9
89.1 94.6 42.9
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Fig.6. Relationship between AM-value and Drc

2.3 Discussion

This research is compared with research conducted earlier.
Table 3 shows the equation proposed in the different studies and
the test conditions. Fig. 7 shows the AM-value versus relative
density relationship when the graph is plotted according to the
proposed equation at pv=300 kN/m2. TEST-NC ® and TEST-NT
are tests conducted by some of the authors in the past.
Fig. 7 shows that the results of TEST-NC and this study are
quite similar. Although the size of the pressurized sand tank in
these two cases is a little different, the sand grain-size
distribution is practically the same, and other test conditions are
also similar. For this reason, the MN-value of the soil is governed
by the relative density after pressurization and the vertical
loading pressure, and results that resembled each other closely

were obtained.
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However, the results of this study and those of the research by
Gibbs, H.J. and Holtz, W.G., and those by Marcuson, W.F. and
Bieganousky, W.A. and Yamada et al. are very different. The
reasons are considered to be as follows: i) From the research
already carried out, Gibbs, H.J. and Holtz, W.G. and Marcuson,
W.F. and Bieganousky, W.A., have conducted the standard
penetration test sequentially at several locations in the same test
soil. For this reason, the density increases gradually in loose soil,
and the confining effect appears in the tank in dense soil,

probably leading to an increase in the confining pressure. ii) In
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Fig.7. Relationship between A-value and Drc

research already carried out, vibrator or tamper has sometimes
been used to obtain the test soil of the specified relative density.
For this reason, sedimentary structure different from that of the
test soil prepared using sand rainer occurs, with denser soil
occurring at larger depths, leading to an increase in the lateral
pressure coefficient. iii) From the already conducted research,
Yamada et al. have conducted tests using test soil in the triaxial
pressurization condition (coefficient of lateral pressure K = 1).
This is probably why confining pressure greater than in the steel

tank confinement research was obtained.

3. Validation of model loading test
3.1 Assessment of soil in the model loading test

In the model loading tests -2 related to pile toe grouted base of
the bored piling method conducted by some of the authors, the
pressurized sand tank mentioned in Section 2 was used, and
vertical loading pressure pv= 600 N/m? was applied on the soil.
For details of the model loading test, please refer to the
references mentioned above. Table 4 shows the test cases used
for validation. The first notation of the test case here indicates
the shape of the pile body with S indicating straight pile and N
indicating nodular pile. The next number indicates the diameter
(unit: mm) of the grouted base. The next number indicates the
length (mm, L in Fig. 8) between the pile tip and tip of the base,
while the last number indicates the strength (N/mm?2) of the
grout. From the strength test on grout using test pieces sampled
when preparing the grouted base, it was confirmed that the grout
strength was approximately close to the required strength. The
Young’s modulus of the grout was 5.2 to 13.9 x 103 N/mm2. The
relative density after pressurization of the soil Drec is 92.6 to
98.5%. The MN-value of soil calculated after using Drc and
equation (1) was in the range of 40.5 to 46.5.

Table 3. Comparison with previous studies

Size of the Number of Mean grain | Compacting wa
Researcher or test case Proposed equation Range of the test Confining state tests in . & P S way
sand tank . size D 50 of sand
a test soil
- 2 .
—17- - (0. + Dr =15~105 % =
Gibbs and Holtz (1957) N =1.7+(Dr/100)"+(0.145 pv+10) 0 , ¢ =90 cm Confining of 6 times 158 mm | Surface vibrator
Meyerhof (1957) pv kKN/m’, Dr:% pv =0~276 kN/m H =120 cm steel tank
2 _ o Confining of 3 times .
Marcuson and N = —5.5+2.8:0.145 pv +0.0046 Dr Dr =35~75% ¢ =122cm Steel ring and N 0.23 mm Sand rainer
i 2 = 69~ 2 = .
Bieganousky (1977) pv :kKN/m’, Dr:% pv =69~552 kN/m H=183cm rubber spacer ring 3 points Tamper
N =3.0exp(0.023 Dr)* (am/98.1)" 02" Dr =24~89 % & =50 cm Triaxial Compaction rod
Yamada et al. (1992) ’ P S ’ ) compression 1 time 0.2 mm pactio
om :kKN/m’, Dr:% om = 49~294 kN/m H=70cm (K=10) Sand rainer
N =exp(2.853 In Dre +0.673 In py —13.518 Drc =47~107 % =52 Confini f
TEST-NC (1988) o X P ) o | ¢=2em ontining o ltme | 045mm |  Sand rainer
pv:kKN/m’, Drc:% pv =49~294 kN/m" H =100 cm steel tank
N =exp(1.759 In Drc +0.699 In pv —8.624) Drc =47~102 % 6 =50cm Triaxial ) )
TEST-NT (1989) 2 2 compression 1 time 0.45 mm Sand rainer
pv kKN/m’, Drc:% pv =49~294 kN/m H =100 cm
(K=0.5)
N =exp(2.210 In Dr¢ +0.646 In pv —10.437 Drec =68~96 % h =58. ing
This Study P ) ’ ) ° | ¢ =384em | Confining of ltime | 0.54mm Sand rainer
pv kKN/m’, Drec :% pv = 150~600 kN/m H=70cm steel tank
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3.2 Bearing capacity

Fig. 9 shows the pile head load versus settlement curve
obtained from the model loading tests. As shown in Fig. 8, the
pile diameter D of the straight pile is 30 mm, while the diameter
at the node of the nodular pile Dn is 40 mm. However, the
diameter of the grouted base De is 64 mm regardless of the kind
of pile. Therefore, the pile head load Pou was determined when
the settlement .S was 6.4 mm, which is 10% of De. This is shown
in Table 4. Pou was divided by the cross section area Ae of the
base to obtain the bearing capacity Pou/Ae, and is shown in Table
4. Cases where the pile head load reduced steeply, and the
gradient of the load-settlement curve showed a declining trend
(S-64-0-5, S-64-0-15, S-64-25-5, S-64-25-15, N-64-0-5), are cases
in which the effects of damage to base have appeared?: 2.
Comparing Pou in S-64-0-15 and N-64-0-15, the former is small
and the latter is large. This is attributed to the load transfer

method between the pile side surface and the base which in the

Table 4. Results of model loading tests

Drc Pou Pou/Ae
test No. N -value N
(%) (kN) (kN/m”)
S-64-0-5 92.6 40.5 12.1 3758
S-64-0-15 97.8 45.8 12.9 4016
S-64-25-5 97.7 45.6 14.3 4442
S-64-25-15 93.8 41.8 21.3 6627
S-64-40-15 98.3 46.3 25.6 7952
N-64-0-5 96.1 44.0 22.8 7094
N-64-0-10 96.6 44.5 26.2 8138
N-64-0-15 98.5 46.5 27.4 8502
N-64-0-20 96.9 44.9 27.7 8614
N-64-25-5 94.6 42.5 27.1 8408
N-64-25-15 94.8 42.8 27.9 8657
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a
g o
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Straight pile Nodular pile

Fig.8. Section of model pile

case of straight pile is adhesion and friction force, while in the
case of the nodular pile, it is the resisting force from the base on
the under surface of the node.?
3.3 Discussion

Fig. 10 shows the relationship between bearing capacity and
N-value from the model loading test. Fig. 10 shows also the
bearing capacity of pile toe obtained from the loading test of the
actual pile. This is the ultimate bearing capacity when the

settlement is 10% of the pile diameter (diameter at the node for a
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Fig.9. Pile head load versus settlement curve obtained

from the model loading tests
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nodular pile) of the pile made by root enlarged and solidified
prebored piling method (straight pile ' and nodular pile 2)
divided by the cross section area of the grouted base. Strictly
speaking, the assessment should be made by the bearing
capacity when the settlement is 10% of the diameter of the
grouted base, but data for making such a judgment was not
available!V: 12, so the bearing capacity at 10% of the pile
diameter was used. The bold line in the figure indicates the
regression line, while the broken lines indicate +1¢6 and +2¢
(o : standard deviation) curves.

Referring to Fig. 10, the bearing capacity from the model
loading tests for cases in which the effect of damage to the base
was particularly large, as in cases S-64-0-5, S-64-0-15, S-64-25-5,
can be observed to approach the lower limiting value of the data
of the actual pile. However, it was confirmed that the bearing
capacity in other model loading tests was within the range of
variation of bearing capacity obtained by the loading test on the
actual pile. Compared to the real values, the results of the model
loading test and the results of the standard penetration test
using pressurized sand tank can be judged as valid results. If the
ultimate bearing capacity is to be made the same as the bearing
capacity of pile when the settlement is 10% of the base diameter,
the bearing capacity of the actual pile shown in the figure may

probably become slightly higher.

4. Conclusions

1) Standard penetration tests were performed using
pressurized sand tank. The trend confirmed was that the greater
the relative density of soil, or the greater the vertical loading
pressure, the greater was the N-value. For relative density of soil
in the range of 50 to 100 % and vertical loading pressure in the
range of 50 to 600 kN/m2, correlation equation with these two
parameters and the N-value was proposed.

2) It was evident by comparing with the results of research
already carried out that the results of the standard penetration
test in the pressurized sand tank were affected to a large extent
by the test conditions.

3) The soil used in the model loading test of bored precast pile
was assessed by the relationship between AN-value and the
parameters Drc and pv, and the bearing capacity of the model
pile was determined. By comparing this bearing capacity with
that of actual piles, the bearing capacity from the results of
model loading test and the MN-value obtained from the results of
standard penetration test using pressurized sand tank were

confirmed to be valid.
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