EFFECTS OF TIME ON CAPACITY OF
PIPE PILES IN DENSE MARINE SAND®

Discussion by
John A. Focht Jr.,’ Fellow, ASCE

The authors of this paper and the several preceeding papers
published since about 1990 by one or more of that group are
to be commended for their improved procedures for predicting
the capacity of pipe piles in sand, particularly in reference to
their increase in capacity with time. The data presented in
Table 6 of this paper and in Table 1 of the paper by Jardine,
et al. (1998) for API RP2A procedures encouraged the dis-
cusser to look back at his work in the mid-1950s and early
1960s. During that period, he, Bramiette McClelland, and Wil-
liam J..Emrich at McClelland Engineers, Inc. evolved and tried
to improve standardized procedures for predicting the “‘ulti-
mate”’ frictional capacity of pipe piles driven into sands. Those
procedures that appeared in the McClelland Engineers *“Ap-
pendix C’ from 1953 through at least 1974, modified some
with time, were later adopted for API RP2A, which underwent
further slight modifications. A brief historical summary of ca-
pacity criteria for piles in both sand and clay was presented
by Pelletier et al. (1993).

In reference to ‘“‘ultimate’’ capacity, I am reasonably sure
that we thought then that this capacity would be reached in a
relatively short period of time—two to four weeks. To my
knowledge there were no data from tests with longer setup
times. From the available data (almost all from tests on rela-
tively short piles conducted as verification tests, not research)
we knew that actual capacities ranged widely coordinating
poorly with our simple procedures. I do not remember making
statistical analyses but would expect that the COV values
would have been generally similar to the 0.86 in Table 1 of
the Jardine et al. (1998) for shaft friction. We also knew
at the time that the simple procedure would usually grossly
underestimate unit skin friction at shallow penetrations, and
thereby the total capacity of short piles. But we had the feeling
that it might overestimate unit skin friction at considerable
depths.

Out intent was to produce conservative but reasonable pre-
dictions for piles with penetrations of 100 to 200 ft anticipat-

“ing-considerable scatter of results. I am pleased that the mean
Qc/Qm has been shown to be about 0.8, for that tends to val-
idate what we thought we were doing. Our intuitive judgmen-
tal selection of criteria based on meager and widely scattered
data was pretty good. Now, predictions can be made with less
average conservatism and much greater reliability.
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Closure by F. C. Chow,’® R. J. Jardine, .
Brucy, and J. F, Nauroy’

The writers thank the discusser for his contribution and for
his reminder of the uncertainties faced by the early offshore
pile designers in the 1950s and 1960s. The . mterpretatxon of
noninstrumented pile tests is difficult, relymg on several sim-
plifying assumptions that can mask many 1mportant aspects of
pile behavior. The recent advances have been achieved through
the development and use of reliable on-pile mstrumentatlon.
capable. of measuring the effective stresses at the plle-sml m—
terface throughout pile installation and testmg

Reliability studies have shown that’ each reduction of 0.1 in
the COV associated with a desngn method can lead to an order
of magnitude improvement in foundation reliability. This high-
lights the importance of employing design methods with low
COV values, partlcularly when low design factors of safety
are adopted, as in the case of offshore pile foundations where
factors of 1.5 are often used for the extreme desxgn case.

The writers are pleased to see that new cases demonstrating
the effects of time on the capacity, of piles are continuing to
appear and that pile designers are now able to take account of
these effects in the planning and back-analysxs of pile, tests.
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UNDRAINED LIMIT ANALYSES FOR
COMBINED LOADING. OF STRIP
FOOTINGS ON CLAY"

Discussion by
Jean Salen¢on,’ Member, ASCE,
and Alain Pecker®

In their paper the authors occasionally and briefly refer to
the contributions by Salengon and Pecker (1995a,b) on the
evaluation of the bearing capacity of a strip footing under
combined loading. A comparison between the results obtained
by the authors and those obtained by the discussers (apparently
the best results available previously to the paper) is worth
making, and may help point out the breakthrough of the au-
thors’ very valuable contribution from the theoretical point of
view of the application of limit analysis to the study of  the
bearing capacity of strip footings.

With the paper’s notations the problem studied by- the: dis-
cussers corresponds to Mode II combined loadmg Lower—

°Engr., Geotechnical Consulting Group, 1A Qucensberry Place, Lon-
don SW7 2DL (Formerly Imperial College).

"Reader, Dept. of Civ. Engrg., Imperial College Rd., London SW7
2BU.

*Engr., Institut Frangais du Pétrole, BP. 311, 92506 Rueil Malmaison,
France.

Engr., Institut Frangais du Pétrole, BP 311, 92506 Rueil Malmaison,
France.

‘March 1998, Vol. 124, No. 3, by Boonchai Ukritchon, Andrew J.
Whittle, and Scott W. Sloan (Paper 15586).

‘Prof., Dept. of Mech., Ecole Polytechnique, F91128 Palaisgau cedex,
France.

’Chair. and Managing Dir., Géodynamique et Structure,. 157 rue des
Blains, F92220 Bagneux, France.

1028 / JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING / NOVEMBER 1999




© Contours of |¢/B|

FIG. 21. Projections of Failure Surface for Combined Loading
of Footing: (a) on Homogeneous Clay; (b) on Homogeneous
Clay with Zero Tensile Strength

bound and upper-bound estimates have been produced through
analytical procedures associated with numerical minimization
on a few parameters as regards the kinematic approach; exact
solutions have been obtained in some cases. With the notations
of the paper, Fig. 21 shows the results obtained by the dis-
cussers to be compared with those presented in Fig. 12 (where
the charts seem.to be, mislabeled). ‘

The upper-bound estimates obtained in both papers are very
close to each other when they don’t coincide. It is noticeable
that the dissymmetry of the failure surface predicted by the
discussers’. upper-bound results is now confirmed.

For zero ccca;itricity (e/B = 0) the lower bound in Fig. 12
is not as good as the one shown in Fig. 21. As a matter of
fact it was proven that the Jower bound in Fig. 21 matches the
upper bound and yields the exact failure surface for 90° > |a|
> 7° and for a = 0% for 0° < |a| < 7° the gap between the
upper- and lower-bqund estimates is very narrow. For increas-
ing values of the eccentricity it-had been observed by the dis-
cussers that the lower bound in Fig. 21 was getting poorer and
the conjecture had been put forward that the exact failure sur-
face was most likely in the form of the upper-bound estimate.
It is a major contribution, of the paper to produce. reliable stat-
ically admissible stress fields for the lower-bound approach,
thanks to which, in the considered case, the validity of the
conjecture is now definitely proven; all the comments issued
by the discussers about the assessment of the classical correc-
tion factors are corroborated and reformulated in the paper.

Salengon and Pecker (1995b) also drew attention to the im-
portance of the tensile strength assumeg for the clay layer and
produced the corresponding results in. the case.of a zero tensile
strength cohesive soil [Fig. 21(b)]. It is likely that the appli-
cation of the very efficient numerical approaches of the authors

would help fill the gap between the obtained lower- and upper-
bound estimates of the failure surfaces.

It must be emphasized that the numerical procedures pre-
sented in the paper are of the highest interest in the production
of good and reliable upper and lower bounds in limit analysis.
One may even venture to say that the lower-bound aspect is
the most important as the construction of “efficient’" statically
admissible stress fields is always a challenge.

Closure by Boonchai Ukritchon,®
Andrew J. Whittle,” and Scott W. Sloan®

The writers would like to thank the discussers for their most
generous recognition of our paper. The writers agree with their
observation that the key to the success. of the proposed nu-
merical limit analyses lies in the calculation of high-quality
lower-bound solutions, which are not easily found by other
methods (as shown in Fig. 21). Although the numerical solu-
tions are able to give very tight bounds on the true collapse
loads (all of the cited examples are within *5%), they. are
clearly no substitute for exact solutions as.derived by the dis-
cussers for cases with |e/B| = 0.

Erratum. The following correction should be made to the
original paper: in Fig. 12(b), the sequence of contour labels
le/B| = 0.0—0.35 should be reversed such that Figs. 12(a) and
12(b) are compatible. A corrected Fig. 12 is shown here.
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FIG.:12. Projections of Failure Surface for Combined Loading
of Footing on Homogeneous Clay

JOURNAL OF GEOTECHNICAL-AND GEOENVIRONMENTAL ENGINEERING / NOVEMBER 1999 / 1029



