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The results of piles tests in sea muddy soils underlain by loams and clays are presented at port berths in Odessa region.
Piles length 28.0 and 34.0 m have been made of metal pipes with a diameter of 1400 mm with a wall thickness of 16 mm.
From the sea water surface to the silt roof is 15.0 m. The lower end of the two tubular supports (piles) has been located above
the silt sole that enables the test piles to be brought to "breakdown" and determine its resistance (silt) along the outer and in-
ner surfaces. According to the test results, the piles are increased by 6 m that enables to use the underlying soils as a bearing
layer. Tests of piles have been carried out according to the standard procedure, for the reference system, two additional tubu-
lar supports with a diameter of 1400 mm were placed in the vicinity of the test subjects.
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HaBezneHo pe3ynbratu BUNPOOYBaHb Ialb Yy MOPCHKMX MYJIKUX IDyHTaX, IIO HiJCTHJIAIOTHCS CYTJIMHKAaMHM i TIMHAMH, Ha
npudary nopty B Onecekiit o6macti. [lami 3aBnoBxku 28 1 34 M BUKOHaHO 3 MeTaneBuxX TpyO niamerpoMm 1400 MM 3 TOBIIH-
HOIO CTiHOK 16 MM. Bixg moBepxHi MopcrKoi Boau 10 KpiBii Mymy — 15,0 M, ToBma myny — 13,2 M. HikHil Topens ABOX Tpy-
Ouactux onop (mMajnb) po3TaNIOBYBABCS BHUILE 3a IiJOLIBY MYy, IO JO3BOJIWIO TOBECTH BUIPOOOBYBaHI Malli A0 «3pUBY» Ta
BU3HAYUTH HOTO OIIip IO 30BHILIHIN 1 BHYTPIIIHINA MOBEPXHAX. 3a pe3ysbTaTaMy BUIPOOYBaHb Malli HAPOIIEHO HA 6 M, IO
JIO3BOJIMJIO BHKOPHCTATH SIK HECYYHMH IIap pO3TallOBaHI HWXKYe IPYHTH. BumpoOyBaHHS manb 3[iHCHEHO 3a CTaHIAPTHOIO
METOJUKOI0, AT perepHoi cucTeMu 0yJI0 3aHypeHO H0JaTKOBO JBi TpyOdacTi onopu miamerpoM 1o 1400 MM Ginst BUIpo6o-
BYBaHHX. 3TiJJHO 3 pO3paxyHKaMH CepeIHE 3HAYEHHs IPAaHNYHOTO ONOPY 3PYLICHHIO IS IBOX Iajb, SIKi pO3TAIIOBaHI B MOP-
CHKHX MYJIKHX IpyHTaX, ckiano 17,3 kH/m? (17,3 kIla) i 15,4 xH/m? (15,4 xI1a). [Ins DOPiBHAHHS IOCIIIKEHHS OIOPY 06BO-
JTHEHUX JIECOBUAHUX CYITICKIB MOKA3aly, IO iX BEJIMYMHA TPOXH BHIIA 32 MOPChKUil My 1 cxiiamae 20 klla. [{nsg BusHaueHHs
OTIOPY IPYHTIB OCHOBH IO TIOBEPXHI Mallb 3aCTOCOBAHO METOAUKY IUKITiTHO-3pOCTAI0UOT0 HaBaHTa)keHHs. | paHIYHE HaBaH-
Ta)XEHHS, YPIBHOBAKCHE OTIOPOM 3PYILICHHIO Iajlb, 3arHONIEHUX Y MYJ, i3 30BHIIIHBOTO 1 BHYTPIIIHBOr0 OOKiB cxuianu 1980
ta 1760 xH. 3’scoBaHo, M0 MiCasS HAPOIIYBAaHHS IaJll HECyYa 3[aTHICTh 30UIBIIMIACS 32 PaXyHOK ONOPY HIDKYE TOPLEBOL
yactuHH. [Ipy moBHOMY HaBanTaxxeHHI P=3000 xH ocimanns mani ckiano 5,45 MM. YcTaHOBIICHO, 10 TPAaHUYHHUI OIIip IPy-
HTIB 3pYIICHHIO 110 MOBEPXHi cTiHOK onopu Py = 1909 kH, a omip rpyHTy nix topuem crinok mani Pr = 1091 kH. Bussneno,
10 B IPOIieci MPOXOoAKK TpybuacToi mai Ii CTIHKaMU «IIPOPi3a€eThCs» Map MyJIUCTOTO IPYHTY.

Knrouosi cioBa: MetaneBa TpyOdacTa majst, MOPChKI MYJIUCTI IPYHTH, OMip MYJIHCTHX IPYHTIB
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Introduction. Designing the shallow foundations
and pile foundations for buildings and structures,
when there are engineering-geological elements from
mud grounds in the earth cover, as a rule their resis-
tance to the loads is usually not considered. Under the
heavy thickness of these soils, knowing their resis-
tance value, it is possible to partially reduce the effect
of the load on the bearing soil layer.

Analysis of recent sources of research and publi-
cations. Constructing buildings and structures in the
cities of Riga, Odessa and Sukhumi, K. Ehorov noted
the special properties of highly compressible soils.
At large thicknesses, the arrangement of sand cushions
is not effective, they need to be cut with jointed piles.

Selection of previously unsettled parts of the gen-
eral problem. In the tests, the resistance values of silk
on the outer and inner surfaces of metal tubular piles
were determined.

Task definition. To carry out the full-scale studies
of the marine mud resistance.

Basic materials and results. Resistance characteris-
tics of foundation soil to the loads, transmitted by pile,
are shear strength over the shaft surface and the com-
pression below the toe. Studying stress-strain state,
conducted in the field conditions with the use of spe-
cial equipment, two methods of soil resistance deter-
mining over the pile surface are used:

— Integral one, based on the average determination
of soil shear strength over the entire surface;

— Differential one, which is based on soil shear
strength determination in some spots with the help of
strain gauges [1].

The applied technique of cyclic-increasing load en-
ables to determine the soil resistance of the foundation
over the pile surface [2, 3, 4]. It considers pile shaft
elastic compression from each load stage without spe-
cial equipment use.

The soil shear strength over the pile surface(f) ap-
pears after the load application. It is balanced on the
compressible part of the length by shear resistance that
depends on the soil properties. The elastic compres-
sion along the pile length occurs consistently with
load increasing. A part elastic compression s,; of the
length [;; corresponds to each load stage P
Within this length, the applied load is balanced by the
shear resistance. Experiments proved that the shear re-
sistance limit value, at the consequential increasing of
the load, is retained in pile previous sections.

Elastic deformation consists of elastic-instantaneous
and elastic-viscous parts. The elastic-instantaneous
part is almost 90% of the total one and it disappears
almost after the load is removed, and deformation
elastic-viscous part relaxation lasts several hours.
In the performed tests, deformation elastic-instant-
aneous part values were used.

The method of research is :

1. Piles tests for vertical or pulling static loads have
been carried out in steps until the conditional stabiliza-
tion of the settlement(s) is reached.

2. Once the stabilization of the settlement has been
achieved and measured, the load is removed (reset to
zero). The settlement residual part is measured at this
stage (s,).

3. The difference between settlements of stabilized
stage (s) and residual one (s,) is the elastic part (s,).

4. The dependence graph s, = f (P) is constructed,
where the breaking point of the line divides it into two
branches and shows the size of the soil resistance (P)
along pile ultimate load surface.

5. Shear resistance value (f) is determined as the
quotient by dividing the load corresponding to the ul-
timate shear resistance (P, on the shaft surface area
(A

It is not always possible to use the method of cyclic-
increasing load to determine the elastic settlement, so
with some error it is possible to determine the ultimate
load of soil resistance to the shear (P)) on the depend-
ency graph s= f (P), lengthening two branches of the
graph to their intersection.

At one of the port berths in Odesa region, the metal
tubular piles were tested in mud ground, underlain by
loam and clay. The ground conditions of the construc-
tion site are represented by the following layers
(Fig. 1).

The averaged values of the soil physico-mechanical
characteristics for each EGE are given in Table 1.

The pentration of metalpipes (piles) with the diame-
ter of 1400 mm, the depth of 16 mm was carried out
with a hydraulic chammer. Testing of control piles
was carried out with the help of hydraulic jack
DV-400-200 with its support on the stop bar. For the
installation of measuring instruments (deflection indi-
cators), two additional supports were loaded near the
test pile (Figure 2).

From the sea water surface to the silt top, the depth
was 15.0 m. According to DBN B.1.1-12: 2014 (maps
ZSR 2004), the area refers to the seismic zone with 6
earthquake intensitie sand10% probability, with 7
earthquake intensitie sand 5 % probability and to the
zone with 7 earthquake intensitie sand 1% probability
(earthquake intensity of the scale MKS-64).

The control tests were carried out according to the
standard procedure. Each stage of the load was sup-
ported to the conditional stabilization, not exceeding
0.1 mm for the last 60 minutes of observations.
Two piles (NeNe. 259, 215) with the length of 28.0 m
were tested. The external static load, applied to the
supports, is balanced by the sum of the shearing forces
on the contact from soil inner and outer sides and the
surface. Before overcoming the ultimate shear
strength, the tubular support is compressed elastically
(s,), remaining stationary. At the load, exceeding the
limiting resistance, there is a sharp increase of the set-
tlement as a result of its movement.

The lower ends of the tubular supports (piles) were
located above the silt bottom, which allowed to
«break» the mand determine the soil resistance along
the outer and inner surfaces (Fig. 3). The ultimate
load, balanced by the pile shear resistance (strength),
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buried in the silt, from outer and inner sides was The ultimate load, balanced by the shear strength of

1980 kN (Fig. 4). the support (pile) Ne 215,buried in the silt, from the
According to the calculations, the average value outer and inner sides was 1760 kN (Fig. 5). According

of the ultimate shear resistance was 17,3 kN/m’ to the calculation, the ultimate shear strength average

(17,3 kPa). In comparison, the studies of flooded re- value was 15.4 KN/m? (15.4 kPa).

sistance sandy loam have shown that its value is much

higher than sea mud and it is 20 kPa [4].
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Figurel — Engineering geological section:
EE-2 — seamud; EGE-3 — heavyloam; EGE-4 — light clay
EGE-2 — sealoamy mud is dark grey with sandy silt bands,the addition of the shells, an admixture of or-
ganic substances and hydrogen sulfideflavor; fluid.
EGE-3 — heavy loam is greenish-grey, brownish-grey, with the addition of land waste and crushed lime-
stone; semisolid.
EGE-4 — light clay is light-grey, with ocher spots, ferruginous;semisolid.

Table 1 — Index of soilproperties

No . . Ps Pua w IL Sr E, [ C,
EGE Kind of soil aem’ | glem’ MPa MPa
2 Sea loamy mud 2.45 0.01 0.56 1.552 0.97 2 4 0.012
3 Sandy loam 2.71 1.62 0.26 0.123 0.83 25 19 0.030
4 Clay 2.73 1.64 0.23 0.02 0.93 40 14 0.10
CRON (UTA VCMIaHORIH ’_____,«--""'

LA BTN DG

kS

Hf}ﬂ:f!!{h’hfﬂf)ﬂﬂ'

o

- _“',__ III
T THREPHLIE CEAN

Figure 2 — Scheme of the test complex
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Figure 3 —.The scheme of soil resistances (f) in tubularpiles
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Figure 4 — Dependencygraph of settlementalong of theload for he support (pile) No. 259:
Pis the loadwhich is equal to the ultimateshearstrength
at the contact of the support walls with the surroundingsoil
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Figure S — Dependency graph of thesettlementalong of the support load (pile) Ne 215:
P/is the loadwhich is equal to the ultimateshearstrength
at the contact of the support walls with the surroundingsoil

The test results showed that to achieve the design During the penetration of a tubular pile, its walls
load on the piles, they must be extended. Pile Ne 254  «cut through» a layer of muddy soil. The top of the silt
was elongated by 6 m, which enabled its butt end to  level from the outer and inner sides of the tubular
enter the soil layers lying below the silt bottom, and  (caisson) support ranged within + 18 ... 20 cm. The re-
then its bearing capacity increased due to the resis- search results of two piles, supported on muddy
tance below the butt end (Py). grounds, and the third one, which butt end buried into

the underlying soils, are summarized in Table 2.
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Figure 6 — Dependency graph of the settlementalong of the support load (pile) Ne 254:
Pyis the load which is equal to the ultimate shear strength at the contact of the support walls with the surround-
ing ground, the resistance below the butt end (Py)

Table 2 — Key findings

Load, kN Settlement, mm Ultimate shear
No Pilelength, strength of sea mud
1, kPa
259 28.0 2350 1980 370 59.87 8.94 17.3
215 28.0 1860 1760 100 79.7 25.1 154
254 34.0 3000 1909 1091 5.45 3.04 -

Notes: P— full load;Pf~ultimate soil shearstrength along the wallsurfaceof the tubular support; PR—soil resis-

tanceunder the butt end of the support walls (piles).

Conclusions:

1. The butt ends of metal piles Ne 259 and 215 did
not reach the sea silt bottom. The ultimate load, bal-
anced by the sea mud shear strength from support
outer and inner sides, was 1980 and 1760 kN.

2. Sea silt resistance along the outer and inner sur-
faces was17.3 and 15.4 kPa. For flooded sandy loam
this value is 20 kPa.

3. The level of the sea silt top from the outer and in-
ner sides of the pile varies within % 18 ... 20 cm.

4. With sea silts considerable thickness and consid-
ering their resistance, it is possible to reduce partially
the load effect on soil bearing layer.

5. According to the test results, all the piles were
elongated that enabled their butt ends to bury the soil
layers below the silt bottom.
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