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. Fig. 1 Details of pressurized tank

"Fig. 2 Photograph showing test apparatus
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Fig. 3 Computed distribution of stresses in
sand by finite element method
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Fig. 5 Comparison between analytical (Boussinesq)
and numerical analysis for the contact pres-
sure distribution under rigid circular founda-
tion
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Fig. 6 Relationship between Z¢/B and SE/Bg
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Fig. 9 Compressive deformation of sand in the pressurized
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Fig. 10 Volume change of the sand due
to penetration of the pile
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Fig. 11 Computed and assumed deformation of sand in

radial direction, (a) deformation due to point
load (P=11), (b) deformation due to skin fric-
tion (fs=1kg/cm?), (c) assumed deformation.
where, 0; @ distance between rubber membrane
and perforated steel cylinder
computed deformation of sand in
radial direction

assumed deformation of sand in ra-
dial direction. (0,=0;)
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Fig. 18 Grain size distribution curves of the sand
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Table 1 List of the pile loading tests

Vertical | Horizontal | Embedded | Dry density Relative
Test stress stress depth of of the sand density
No. Pv Ph the pile Ya of the sand

(kg/cm?). | (kg/cm?) Df (cm) (g/em®) Dr (%)
001 0.0 0.0 75 1.67 ' 86
021 0.2 0.1 75 1.67 86
022 0.2 0.1 75 1.68 88
051 0.5 0.25 75 1.66 84
101 1.0 0.5 75 1.68 .. 88
201 2.0 1.0 75 1.65 81
202 2.0 1.0 75 1.66 84
301 3.0 1.5 75 1.68 88
302 3.0 1.5 75 1.66 84
501 5.0 2.5 75 1.66 84
701 7.0 3.5 75 1.63 77

FHEEES I L (Fig. 18), RLREAFTFHRE LY b
%5, '

BB RE LR, RTERINCHTEO_ LRE
BIXOREENZ TR 2 HERS ®72 Fig. 928D,
EEh T ERER X OHE R — BB 5720, R
R EERER 72 ERA L, MEEKE~ 7 2 —#
— CHIE LkaPkic X v —BE 2 REF L7,

3.4 FEBROMIE L BEHE
ABFFEIBALALE R L LTV B Tl & BT
Dix 0.5 L, EWEDORESDOHE EHI ¥
Table 1 F4ENTR - 2 EBRO—ERTH 5,

W HEEARHBREB U CHTHEEERAEL, b
BB (BCP ZHE% © 1969) B LT
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B L EMER L0 BEUCEE L, FK 300mm
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301 o HB\IA 2 L)e

WO MYTRL TR L mm Bleif & ELL, &8
H, JoATE, FEEBERIRBIVCEEEZE —Jic X
VRIET 5. BEECIIERREBRRO 7Y v 264574 ¥
2 NVEHBRIEEBE T FH Ui BRI 20 KTlE
DLEPEREIGH 30 BThH Y, ZOBOWEKT N
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Fig. 19 Relationships between base resistance of pile
and ratio of settlement to pile diameter
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Table 2 List of field tests

Effective Characteristic of bearing stratum
References Test Type and size Embsédeilggpth overburden —
erenc No. of piles Dfp (m) pressure - Type of *N-values Relative
Py (kg/cm?) soil density
Closed end
1B steel pipe pile 4.0 0.6 fine sand 17—22 0.4-0.6
BCP Committee dia. = 200mm
(1969)
5C " 11.0 1.7 dense sand | ,44_ ¢ >0.7
and gravel =
Closed end
Bl steel pipe-pile 11.0 0.9 fine sand 35—45 0.6—0.8
Kobayashi’ ' dia. =-200mm
(1972)
B2 " 11.0 0.9 o " u
Closed end
pal s'teel pipe pile 12.0 1.6 gravel 250 >0.8
Yamamoto dia. = 400mm -
(1974) Closed end
Y2 steel pipe pile 12.0 1.6 " " "
dia. = 600mm
W.F. R ar h Bored reinforced
Cron ‘Zig;‘ls E concrete pile 15.0 2.4 gravel >50 >0.8
roup . dia. = 600mm

% Number of blows of standard penetration test

&) DEBOERIZWTH LI ET CITRbi/ic b
Th Y, HBOBEES L EDHE S v 7 ic X BERD
BE I BRI L TR Y, A—0 ERETHEE O
EHET B IR —BLTWD, ShbDZedb, I
JERbHELEE & L 7 iR OIS IEEE R CBHEL T
EnzEoe

T HED e oM E- L TEBRICKIET BT
SWTHET %, Table 2 (CR3IGERHER L MED
iz o 7 X B ERMEREO REkE Fig. 20 0 @), (b)
Rt . ThLORRBMED LGN TE S=B L, €
DT RICKIRT 5 SRR ¢ & LT, WE-IL
TEEBREEATELIEZLDTh S, MEDHES 7
o X BT ELFRERE, ¥y ERO BERHEL

_Base resistance/ Base resistance at S=B
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< 5 V3 ) YAMAMOTO(1974) «(5\

Z08| = E  WF RESEARCH GROUP ‘@

5 (1974) %

% o8 %

B qolB 3.
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Fig. 20 Normalized point load:settlement curves, (a) comparison between pressurized tank test results and field test
results, (b) comparison between pressurized tank test results and corrected field test results (CN, is subtract)
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DISTRIBUTION OF CONTACT PRESSURE
UNDER BASE OF BORED PILES IN SAND

Part I - Pressurized tank and measurement of contact pressure distribrtion

by Hideaki KISHIDA*, and Akinobu TAKANO**
Members of A.IL.J.

The purpose of this study is to clarify that the contact pressure distribution under the base of a
bored pile is affected by the overburden pressure at the base and also by increment of the applied
load at the base. The change of contact pressure distribution is also related with the load-settlement
relationship of the pile base. The tests were carried out by the pressurized tank and the test results
are presented in two parts. The Part I describes the details of the pressurized tank and measurement
of contact pressure distribution under the pile base.

DETAILS OF THE PRESSURIZED TANK

The ultimate bearing capacity of a pile in sands is malnly affected by shearing resistance and
compre551b111ty of sands and also by crushing strength of sand particles. These characteristics have a
close relationship with the stress condition applied to the sand and, therefore, it is essentially impo-
rtant to apply same stress condition in field to model pile tests. The pressurized tank used in the
tests is based on the same principle as triaxial test apparutus, and the vertical and horizontal stresses
can be controlled to get same stress condition in field.

The‘sa'nd mass having 1500 mm in diameter and 1650 mm in height can be formed in the pres-
surized tank (Fig. 1). The vertical stress is applied by the steel plate of 32mm thick placed on the
surface of the sand. This steel plate is loaded by six oil jacks as can be seen in Fig. 1. The hori-
zontal stress is applied by water pressure. The rubber membrane of 5mm thick is bound round the
outside of the sand. The maximum value of the vertical and horizontal stresses are 10 kg/cm? and
these stresses can be controlled separately. 7 | -

The pressurized tank is analyzed in the following two points : (1) uniformity of the stress distri-
bution in the sand when the vertical and horizontal stresses are applied, and (2) the effects of the
bottom and the side of the pressurized tank on the test results. As to (1), the result of finite
element analysis (Fig. 3) and the vertical pressure measurement at the bottom of the tank indicate
the stress distribution in the sand is uniform. As to (2), the effect of the bottom on the test results
was analyzed by the finite element analysis and the Mindlin’s solution. The correction factor for the
settlement at the pile base is shown in Fig. 7. The possibility that the rubber membrane might
touch to the perforated steel cylinder was considered. The results indicate that the rubber membrane
does not touch to the perforated steel cylinder when the horizontal stress is greater than or equal
to 1.5kg/cm?, and that the rubber membrane touches to the cylinder when the horizontal stress is less
than or equal to 1.0kg/cm? as can be seen in Fig. 12. The finite element analysis indicates that the
contact of the rubber membrane to the cylinder does not affect the settlement of the pile base significantly.

TEST METHOD

The model pile .used in this investigation is a closed end steel pipe pile with 150 mm in diameter

and 1000 mm in length, and the base resistance and the skin friction can be measured separately (Fig.

* Agsociate professor of Tokyo Institute of Technology, Dr. of Eng.
** Agsistant of Tokyo Institute of Technology, Msc (Eng.)
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13). The pile base is divided to five rings such as shown in Fig. 14, by which the contact pressure
under the pile base is measured. The sand used in this investigation are dry sand and its grain size
distribution curves are shown in Fig. 16. All test piles are bored piles as can be seen in Fig. 17 and
Fig. 18. After the pile is installed, the sand are pressurized by the vertical and horizontal stresses
for about two hours. These stresses are maintained at constant value during loading tests.

Lists of the pile loading tests carried out in the pressurized tank and the field pile loading tests
carried out by the other investigators are shown in Table 1 and Table 2, respectively. In the tests of
the pressurized tank, the vertical stress applied to the sand varied from zero to 7 kg/cm? and the
horizontal stress are equal to the half of the vertical stress. The pile loading test in the tank were
carried out by constant rate of penetration method and the rate of penetration was one millimeter
per one minute.

TEST RESULTS

The relationships between the unit base resistance and the ratio of settlement of the pile base
to the pile diameter are shown in Fig. 19. Fig. 20 indicates the comparison between the pressurized
tank test results and the field test results on normalized load-settlement curves obtained at the pile
base. The contact pressure distributions are shown in Fig. 21. In these figures, the left sides show
the results in the first cycle loading and the right sides show the results in reloading.

CONCLUSION

(1) The load-settlement relationships at the pile base obtained by the pressurized tank tests
show a fairly good agreement with the field test results (Fig. 19).

(2) Within the range of 150~600 millimeter pile diameter, the load-settlement relationships at
the pile base are not affected by the size of the pile diameter (Fig. 20).

(3) The shape of contact pressure distribution at the pile base indicates a concave one at an
initial stage of first cycle loading and varies from an uniform distribution to a convex one with the
increase of the settlement of the pile base (Fig. 21).

(4) In the reloading cycle, the shape of the contact pressure distribution always indicates a
convex one when the settlement of the pile base is greater than or equal to the pile diameter (Fig.
2D).
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