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Fig. 9. Side friction along pile depth for case 1.
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Fig. 10. Side friction along pile depth for case 2.

test data for different applied loads. There is a good compa-
tibility between the results of FEM simulation and pile load
test. Figs. 9-11 show the side friction results simulated by
PLAXIS and calculated from pile load test data. There still
exists a proper coincidence. From Figs. 9-11, it can be found
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Fig. 11. Side friction along pile depth for case 3.

that the lower side friction is in clay layer, and a reduced side
friction is in the deep cobble layer. The latter may be attributed
to the mild mobilization of side friction at greater depth for
case 3. As for the settlement of the pile head under different
loading sequence, Figs. 12-14 show the load-displacement curve
of pile. It seems to be reasonable agreement between the FEM
simulation and pile load test. As for the proportions of shaft
resistance and base resistance with respect to the total resistance,
Figs. 15-17 show the results of finite element analyses and cal-
culated loading test. It can be seen that the proportions of side
friction and base resistance gradually approach to a stable value.
The proportions of side friction for the three cases are about
82%, 74%, 86% respectively.

V. ULTIMATE CAPACITIES OF DRILLED PILES

Many methods have been reported and developed to predict
the ultimate capacities of pile by pile load test. All of these
methods depend on the shape of the load-displacement curve.
Owing to the conditions of it's use and applicability, the
methods developed by Van der Veen (1953) and Chin (1970)
were adopted in this study. Van der Veen’s method supposed
that load versus displacement of pile is an exponential curve;
thatis, P= Puh(l—e'“s), where P is load at any loading level; Py
is ultimate capacity of pile; o is the factor related to load and
displacement; and & is settlement corresponding to load P. The
ultimate capacity Py can be evaluated through the expression
of In(1-P/Pyy) vs. displacement of pile 3 for different assumed
values of P,;. When the relation curve becomes a straight line,



148 Journal of Marine Science and Technology, Vol. 24, No. 2 (2016)
Load (kN) o |
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 § L
T T T T T T T T T T T T T T T T T ‘;;
' % osh e igirna
L S —e— Field data 5 o
5Lk ~ —a— FEM é L
—_ = --e-- Shaft resistance (Field data)
E - 5 06 —a— Shaft resistance (FEM)
.0 b § L —o - Base resistance (Field data)
E 8 —&- Base resistance (FEM)
gast s
g =
5 i ij 0.2 + B e O G = r = e =
-20 + ©
2 L
L )5
& O L | L 1 L | L |
23 0 10000 20000 30000 40000
L Load (kN)
Fig. 12. Load-displacement curve of pile for case 1. Fig. 15. Ratio of pile resistances for case 1.
Load (kN) o 1
0 0 5000 10000 15000 20000 25000 30000 35000 40000 45000 % |
<. ~ ' 1 1 1 T T T T 7
SN 8 osf
5k —e— Field data 2 |
N N —=— FEM /M
— N o
g ;10 F N g 0.6 - --e-- Shaft resistance (Field data)
g/ A 3 i —a— Shaft resistance (FEM)
% r g —o = Base resistance (Field data)
g -15 -% 04 - —&- Base resistance (FEM)
o, <
220 + = g == R
2 20 %02l -
L S
.8 L
25 s
N e 0 . 1 A I . L . L
30 L 0 10000 20000 30000 40000
Load (kN)
Fig. 13. Load-displacement curve of pile for case 2. Fig. 16. Ratio of pile resistances for case 2.
Load (kN) |
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 2 =-\_‘ ..
0 — T T 1 T T T 1T T T 1T T T T 17 g i v haihibl SRR B EEEEe | — o
I Je g 08 f
5L ~o —e= Field data ‘z) |
s L N ~_ FEM % --®-- Shaft resistance (Field data)
g 10 ~o s 06 —a— Shalft resistance (FEM)
E - B L N 3 i —o - Base resistance (Field data)
g L ~ E —&- Base resistance (FEM)
£ -15 . Z 04
Q _ [
Q N =
= L &= F
2 =
A 201 202
S} )
-2 F e g e =T ST — B — —
-25 \ = [
- \\ &~ 0 s | L | L 1 L 1
30 ) 0 10000 20000 30000 40000
) Load (kN)

Fig. 14. Load-displacement curve of pile for case 3.

Fig. 17. Ratio of pile resistances for case 3.

load versus displacement of pile is a hyperbolic curve. Thus
the inverse slope of &/P vs. P will be the ultimate capacity Pyy.
Fig. 19 shows the relation of 6/P vs. P and evaluation of Py, for

the corresponding value of P is the ultimate capacity. Fig. 18
shows the searching process of ultimate capacity for pile case
1 using Van der Veen’s method. Chin’s method supposed that
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Fig. 19. Ultimate capacities estimated by Chin method (Case 1).

pile case 1 using Chin’s method. The ultimate capacities for
other two cases are evaluated in the same manner. All the
ultimate capacities of three cases using these two methods are
summarized in Table 4.

VI. DESIGN EQUATIONS FOR SIDE FRICTION
The ultimate side friction capacity Qs can be written as
Os=LpALf )

where p is the parameter of the pile section, AL is the
incremental pile length over which p and f are taken to be
constant, and fis ultimate unit side friction of pile.

Table 4 Summary of ultimate capacities of drilled pile
test for three cases.

Interpretation methods | Case 1 (kN) | Case 2 (kN) | Case 3 (kN)
Chin method 75,462 67,562 80,939
Van der Veen method 68,670 63,765 73,575

It is convenient in pile design to express skin resistance as
the product of the vertical effective stress and an appropriate
coefficient of fin the granular soils. The procedure proposed
by Reese and O’Neill’s method (1988) for sands gives

f=po. <200kPa 3)

where o is the vertical effective stress in soil at depth z; =
1.5-0.245 2 with limits 0of 0.25 < # < 1.2; and z is the depth
below ground surface (m).

Rollins et al. (2005) have modified the above equation for
gravelly sands as follows:
for sands with 25 to 50% gravel,

f= ,BO"Z kPa 4)

where = 2.0-0.15 "7 with limits 0of 0.25 < f < 1.8,
for sands with more than 50% gravel,

L=3.4 7% with limits of 0.25 < 8 < 3.0.

where e is natural base (2.718).

VII. PRELIMINARY EVALUATION OF
ULTIMATE SIDE FRICTION OF
DRILLED PILES IN COBBLE LAYERS

As indicated previously, Reese and O’Neill equation and
Rollins et al. equation are used to compute ultimate side friction
in sands and in granular soils with different composition of
gravels respectively. Table 5 summarizes the ultimate side
friction using the above design equations and the pile load test
in cobble layers. The ultimate side friction of piles in cobble
layers is obtained from the pile ultimate capacity using Van der
Veen’s method in Table 4 with the ratios of side friction to
the pile capacity as 82%, 74%, 86% respectively for the three
cases. The ultimate side frictions of test piles in cobble layers
are significantly higher than those of the Reese and O’Neill
and Rollins et al. equations. That is, the ultimate side frictions
in cobble layers will be underestimated by using the Reese and
O’Neill equation or Rollins et al. equation. These design equa-
tions seem not be appropriate in the evaluation of ultimate side
friction for soil layers with high percentages of gravel and
cobbles.

From the evaluated ultimate side friction of field test data,
Fig. 20 shows the back-calculated f values of the three pile
load tests as a function of depth. The Reese and O’Neill design
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Table 5. Summary of ultimate side friction for three cases.
Length (m) | Diameter (m) éf;?lie Reese and O’Neill (kN) > Sl;;j hgr;s;;z)ﬂ&kN) (Van dl:rk\:/zeesr:) &N)
Case 1 12 1.2 > 100 5,415 11,497 56,309
Case 2 15 1.2 > 100 5,712 11,400 47,186
Case 3 25 1.2 > 100 7,916 13,944 63,275
20 Y Cazel (2) The ultimate capacity of drilled piles in cobble layers is
s Cased found much higher than that of pile commonly in granular
15+ ¢ Case3 soils. . . . .
ek o 1 (3) The results of pile load test and numerical simulation
e show that skin friction of drilled piles in the cobble layers
« 10 B=96.446 7-11% takes most part of the total axial load. The ratio of skin
friction to the total load capacity is approximately in the
range of 74%~86%.

51 (4) A preliminary equation to evaluate the ultimate side
friction of drilled piles in cobble layers is proposed for
design purpose in this paper.

0

30

Z (m)

Fig. 20. Back-calculated f values from pile load tests along with existing
design curves and proposed curve for cobble layers.

curve is also included in Fig. 20 for comparison. It should be
noted that only the cobble layer is considered in the analysis.
Back-calculation of § values using regression techniques with
an exponentiation fitting as Rollins et al. procedure, the function
of B with depth in the evaluation of ultimate side friction of
piles in cobble layers can be modified as

B=196.446 7' (5)

VIII. CONCLUSION

In this paper, three full scale vertical load tests are per-
formed on drilled piles in cobble layers. Finite element program
PLAXIS 2D is used to analyze the field load test. More study is
emphasized on the side friction of piles. Two methods to predict
the ultimate capacities of pile by pile load test are used for
studying the pile capacity in this paper. A very high ultimate
capacity of drilled piles in cobble layers is found comparing with
that of pile commonly in granular soils. An approximate 80% of
side friction resistance to the full capacity of drilled piles sustains
the applied vertical load in cobble layers. Presently, there seems
no appropriate design equation to evaluate the ultimate side
friction of drilled piles in cobble layers (SPT-N > 100). Based on
the results of field tests and finite element analysis, the main
conclusions are summarized as below:

(1) A good comparison of load transfer and unit side friction
along the drilled pile, and load-displacement of drilled
piles in cobble layers is obtained through the field test and
numerical simulation.
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