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Downorac on Brrumien Coatep Pices"®
Discusslon by Bengt H. Fellenlus,* M. ASCE

The wriler has studied the paper by Baligh, Vivatrat, and Figi and offers
a few related resulis and some criticism. The authors describe in Appendix
I resulis from creep tesis on bilumen coated steel plates in contact with a
granular soll. About 10 yr ago, the writer carried oul similar laboraiory iests
using sirips of clay sheared aguinst concrete blocks (29). The shear reducing
elfect of a thin bitumen cost on the concrete was studied and compared 1o
the results when no clay was used (i.e., bilumen sandwiched beiween the concrele
block and a dummy *‘clay™ strip made of concrete).

The clay strips were 157 mm (6.2 in.) in leagth, 45 mm (1.8 in.) in width,
and 5 mm (0.2 in.), thick, carefully trimmed from undisiurbed piston samples
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obtained from the Backebol test field in Southwestern Sweden at a depth of
20 m (65 It).

The properties of the clay are summarized as follows: (1) Undrained, shear
strength—0.36 kg/cm®; (2) sensitivily—15; (3) natural water conteni—80%;
(4) liquid limit—T75%; (5) plastic limil—34%; (6) amouni of particles smaller
than 0.002 mm—72%: (7) organic conleni—&%; and (8) preconsclidation pres-
sure—1.24 kg/cm’.

The concreie blocks were made lrom ordinary ready-mix concrele and cast
against a machined steel plaie 1o ensure a plane and smooth linish. The bitumen,
penetration 120, was carefully heated and brushed onto the concrele aiming
to a thickness of 1.0 mm (D.evin.). The thickness was measured after cooling
and found 1o vary by 0.1 mm over the concrele surface and by 0.4 mm belween
dilTerent iesis.

All the testing was carried oul ina lemperalure conirolled room al a Lemperature
of 4® C. The tesi apparatus, the irimming method, the assembly of the lesi,
and the test procedure are described in & report by the Swedish Geotechnical
Institule (29).

The four shearing tests presentea in this discussion were carried oul as lollows:
(1) Shearing the clay strip directly on the concrete block; (2) sheanng the clay
strip on the concrete block coated with a I-mm layer of bitumen; (3) shearing
s dummy ““clay’ strip made of concreie on the concreic block coated with
the bitumen; and (4) basically a repeat of No.' }.

The test apparatus was placed so that the shearing surfaces were horizontal.
The test specimen was [irst subjecied to a veriical force of 1.24 kg/em’ (Test
No. 4 had a force of 0.42 kg/em®, only). This force gave a small vertical
deformation. Tweniy-four hours later, the apparaius was locked so thal no
furiher vertical deformation could occur (constant volume test) and a constani
shear velocity was applied. The shear lorce developing as a resull of the induced
strain was messured. Three difTerent velocilies were applied. The lowesi velocity
was 0.01 mm/hr (shear sirsin raic of abowi 3 x 10 ® sec ') Therelare, a
relative movement of 10 mm reguired 40 days of testing.

The results of the lour iesis are shown in Fig, 4 giving the induced shear
stresses as a function of the applicd rates of sirain. The plot of data [rom
test Mo, | shows thai the shear siress in the clay was basically uninfluenced
by the strain rale. A shear stress of 0.45 kg/cm’-0.50 kg/cm’ (920 psf-1,020
psf) developed, which is higher than the original undrained shear strength of
0.36 kg/cm’ (740 psf). However, the iwo values arc not compatible, Test No.
| served as a reference 1o test No. 2, having the bitumen layer placed belween
the clay and the concrete. A comparison of the iwo curves indicates that the
bitumen coal reduced the induced shear siresses considerably, in particular s
the lowest rate of strain, where the reduction was about 90%. As evidenced
by the results of Test Nos. 3 and 4, the shear took place in the bilumen layer
and it was the bitumen thai governed the shear stress values, despite the soli
and sensitive highly plastic clay that was used.

Test Nos. 2, 3. and 4 all show that the induced siress, v, about doubled,
when the rate of strain 4 increased by an order of magnitude. Mathematically,

Lhis relation is expressed as
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However, the number of lests is too limited for this relation lo have much
practical significance.

The resulis are ploited in a lin-log scale, which the wriler considers 1o give
the best visual picture, when comparing the curves with each other. A log-log
scale indicates easily a 100 high degree of precision and could lead to erroneous
extrapolations not warranted by the data. However, for purposes of comparison
with the awthors’ Fig. 2, the resulis have also been plotied in Jog-log scale
in Fig. 5. The bitumen parameters “m"" and **n"" evaluaied from a mean siraight
line are 0.16 and 0.36, respectively.

The tesi resulis published by the authors, the writer, and others, pariicularly
feld test results as referenced by the suthors, indicate that bilumen coating
is very efficient in reducing skin [riction on piles. However, the authors’ and
the writer's laboratory lests provide mainly qualitative information, ooly. The
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FIG. 4—induced Shedr Stress as Function of Shesr Strein Rate [Lin-Log Scale)

quantitative value of the information for use in practical design work is limited.
In practice, the average settlement rates are ofien aboul 0.1 m/yr. Even when
using bitumen coats of | mm-2 mm, which also is advisable for practical reasons,
the shearing strain raie is oo the order of magnitude of | x 107" sec”™'. That
is to say that the sctual strain rates encountered in practice are about 00
times smaller than ihose studied by the authors and the writer.

Until test resulis are available from tests with strain rates in the range of

1 % 10°"=1 % 10~", which would be extremely Ume consuming lo run, lhe
writer has taken the approach in practical design to, either rely on actual field
tests if justified by lime and economical considerations, or [0 use the conservative
assumption that a properly applied bitumen coat can reduce the negative skin
friction to & value of about 0.1 kg/em” (200 psf). This value will in mosi cases
give an adequaic reduction of the drag load and allow a ralional tresiment

of the problem in the pile load design.
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The most dilficult problem associaled with coaling piles with bitumen is not
really the choice of bitlumen type, nor of delermining the thickness of the bitumen
layer, bul the practical difficulties in geiling it onio the pile in a layer sulTicienly
thin, yet not too thin, making it stay on the pile in storage considering cold
and wet weather as well as hol and sunny weather, and preventing it [ron
peeling ofT or being scraped olT during driving, etc.. while trying to avoid coil
excalalions and contracior claims that only too easily appear in piling projecis
involving bitumen coated piles. Recently, an excelient paper was published
discussing praclical problems in connection with the coaling ol piles in a hot
climate (18).

The wriler takes issue with the design example given by the authors, Under-
standably, the suthors have wanted to illusirate their approach to the design
calculations. However, in the writer's opinion, the chosen example is oversimpl-
fied and could lead less experienced designers (o choose an unnecessarily cosily
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design solution to their drag load problem. The **I i diameter concrete-filled
pipe piles driven to bedrogk" are probably 12.75-in. closed-end pipe piles filled
wilh concrete after the driving. With the soil conditions described by the author®
and an adequate choice of wall thickness and driving procedure, these piles
can be allowed to carry both the structural load of 70 tons and the drag load
of 56 tons without using bitumen or any other method to reduce the drag load.
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