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Bearing capacity of precast nodular piles in Tianjin soft clayey soil
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ABSTRACT: Static lozding tests of five nodular piles and four non-nodular piles were performed in Tianjin soft

clayey soil in which measurements of axial force and movements were made. Distribution of sheft resistance ang

load-movemant curves for pile head &and pile toe are nresented in this paper. The applicability of modular piles
to Boft scil and their effectiveness are alsc discussed. Based on the comparison, it is concluded thet nodular

piles have an advantage over non-nodular piles mainly in contrituting to shaft reeistance. Dynaric testing was

also conducted through R.P.T. for evaluating the service load of tested piles.

1 INTRODUCTION In crder +to understand the load-settlement baha-

vior of nodular piles driven in the soft clayey Boil,
The precast nodular pile -ie & kind of centrifugaly nine piles of different types, including five nodular
spun reinforced concrete pipe_, piles with corrugated piles have been iested on the construction site in
configration along its shaft, the space between the Tianjin City of China. Some of the test results are
shaft and’ the surrounding eoil is filled with gravel presented and discussed in this paper.

during pile~driving, thus as shown in Pig.?!, & com—
Bination of driven pile and gravel aleeve is formed

vwhich can effectively dissipate the excess of pore 2 SCIL CONDITIONS

water pressure and mitigate or prevent soil liquefac—

tion during the earthquaie, therefore, the ncdular Pile test was conducted on the conetruction eite of

pile has an advantage over other non~nodular pilas Tianjin Tst Central Hoepital. Prior to the test,

espeoially Imr earthquake reglon. subsurface conditions were investigated by borings,
The bearing capacity of nodular pile has been stu— 25 m deep, and were checked up by three additional

died and the mechanism of frictional resistance of bore-holes.

nodular pile has baen also olarified by scaled model A representative scil boring log and SPT results

tast which shows that the lowest nodule part of a pile are shown in the Tig.2. The soil s4rata consist of

works in the same way as the pile toe and a cylindric %op fill layer followed by a thin layer of clay and

8lip surface with diameter larger than the nodule is twe sublayers of loam, mucky loam stratum fs encoun—

formed arcund the pile in large settlement (Ogura et terad at depth of about T m, and then two sublayers

al 1987). of loamw underlain by sandy loam layer extended to

Based on full-acale test result, it is also con- the end of borings, water table is at about —2 =
cluded that the toe bearing capacity of & nocdular from the ground surface.
pile is about 70 per cent of the toe capacity of a
non~nodular pile and the shaft capacity of nodular
rile is about 5 times aE that of a non-nedular pile
(Ogura et al 1985).
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Tigure 1. Precast nodular pile with gravel sleeve

However, the study on bearing capac 'y of nedular IOAM  |22.312.03)0.63]12,.3]0.47 ',:’//J
pile is gtill unsufficient, few full-scale tests 25 “

were made on modular piles and only in loose fine
sand.

Pigure 2. Soil conditiomr of the construction site
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The typical characteristics of s0il s¢ oles obtain-

ed from laboratery tests for each layer uve also given
Jin Fig. 2.

3 TRSTRD PITES

Tine piles were tssted in-situ, among which, four
piles {Pile Wo. 1 to ¥Wo. 4) were 9 w long, others
(Pile Wo. 5 to Yo. 9) were 21 m long. All pilea, ex-
cept square piles were equipmed with 4 strain gagos
at each measured section as shown in Fig. 3. All
piles were driven by a 45-kN diesel hemmer.
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Tigure 3. Tesied piles and measured section equipped
#ith strain gages

4 STATIC TOATINC TESTS

The static loading tests were conﬂuctgd accoTding
to the standared of JSSWTEK and cycles of loading and

unloading were epplied. Toad incrament of each cycle
was 3100 kN for.Sm long piles, except pile Wo. 1, and
400 ¥7 for 21 m long piles. The schematic diagram
for static loading test is shown_ in Tig. 4.
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Pigure 4. Yey diegrsm for etatic loading test

5 DYNAMIC TTSTIVG

Dynamic testing of piles follawed the working instruc-
tion of Resonant Tile Test {R. ™. T.). The vibrating

force apolied to the pile head and the responsa of
the pile were monitored by transducers and then re-~
corded and printed. Thus, the dynamic stiffness ¥ of
Pile-goil sBystem can be calculated. The schematic dia-
gram for dymsmic testing is shovn in Tig. 5.
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Figur'e. 5. .If'ay Aiagram for measuring system of R.P.T.

€ TH3T RESULTS

The load-movement curves of pile head for all tested
piles are given in ™ig. 6 and 7. The lead-movement
curves of pile toe for all tesied viles sre given in
Fig: 8 and 9.
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Tigure 6. Tosd~movement curves cof pile heed Br 9 =
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Figure 7. Toad-movemenl curves of pile kead for 29 m
long riles

#(ux)



0 50 100 150 200 250

Py (kN)
10

20

Noel
3C

40 Ko.2

50 Foud
60
St(mm)
Figure 8. loai-movement curves of pile toe for 5 m

long piles
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Figure 9. IoBd-movement curves of pile tce for 21 m
long piles

The arial feorce distributions along the shaft ol
inst¢rumented piles are shown in Wig. 10, 11, 12, 13,
14, 15, and 16, besed on vhich the shafi resistance
distributions can be obtmained and presentel in wig 17
18, 19, 20, only for comparison.

o 00 400 gog 800 P(KN)

V/

Z{m)

Tigure 10. Axial force distribution of pile To. 1
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Figure 11. Axial force distribution of pile Wo.Z2
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Figure 13. Axial force distrilution of pile %o, §
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Tigure 17. Shaft resistance distritution of pile
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Pigure 14. Axial ferce distribtution of pile We. 6 Mo. 2
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Figure 15. Axial force distribution of pile Wo. T %iguze 18. Shaft resistance édisiritution of pile
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Tigure 19. Shafi resistance distrilutiion o¥ plile
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Tigure 16. Axial force distritution of piie Yo. 9

322



o 50 106 150 T(kPa)

J z{m)

Tigure 20. Shaft resistance distribution of pile
Ne. T

Synthesizing the obtained P-Scurves, log P-lcg S
curves and S~log t curves we can determine the yield-
ing load Ty and ultimate locad P, of tested piles as
summarized in Table 1.

Takle 1. Summary of in-situ pile-testing results

Tile Static loading test R.P.T.
Yea Py (kM) P, (km) P (x1) Py (kW)
1 700 B710 300 300
2 600 840 240 250
3 500 700 300 25
4 600 750 300 a25
5 2000 2650 1000 1000
6 2600 3200 840 8130
T 2600 3200 920 940
8 3200 3650 1300 1220
9 3200 3600 950 990

Based on the X value obtained from dynamic testing
the sexrvice load for a certain settlement of pile can
be evaluated #s fcllows

Py = B-X-(5)

vhere B is the correlation coefficient, (S) is allow—
able settlemeni, 2.5 mmn for 9 m piles and 4 mm for
21 m piles.

The compariscn between the Pg results from R.P.T.
and’ those from static leading test under the arme
setltlement is made as in Table 1.

T DISCUSSION

It is evident from the figures of distributuon of
shaft resistance that nodular piles provide greater
shaft resistance than the ron~nodular piles do and
make very littls contribution to the toe resistance
(see Tig. 8) vhich is mainly depending on ‘he sup—
porting area, soil condition and stress condition of
bearing stratum.

The yielding load and ultimate load per unit sec—
tion area of 9 m nodular pile {pile No.l } ars about
2-2.5 times those of non-nodular piles, and even
moTe if it had been tested with same load increment
of 100 kw.

A3 for 21 m piles, the yielding or ultimate load

of nodular piles is greater than that of nom-noduler
pipe pile (pile ¥o. 5) but smaller than square pile
{pile Wo.8) which was driven into bearing stratum 0.5
m deaper than other piles, btut the yielding or wlti-
mate lead per unit section area of nodular pile is
8ti11 1.5-2 times that of square vile.

Comparing pile Mouf with pile ¥0.7 we can see that
ncdes in upper part of pile generate more shaft resis—
tance than these in the lower part do, however the
latter can make a2 little contribution to increase 4he
toe resistance.

As compared to the results from static losding test
resonant pile test give a satisfactory results in eva—
luating service load of noduler pile under a certain
settlement condition.

8 CONCTUSINN
Woduler piles are-applicable to soft cleyey soil both
from technical and economic consideration.

Wodular piles have an advantage over non-nodular
piles in increasing shaft resistance rather than toe
resistance, so they are preferred to be used as fric-
{tion piles.

Ipad-settlement behavior of nodular pile in soft
clayey soil is a little different with %that of nodu-
lar pile in lcose sand.

R.P.T. can be served as a convenient medivm to eva—
luate service load of nodular piles.
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