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The influence of the coefficient of porosity of sandy soils on the bearing capacity of drilling piles according to the
results of their static tests in field conditions is analyzed. Piles of different lengths were tested. The pile lengths are in
the range of 2 to 12.0 m. The diameter of the pile trunk is in the range of 0.4 m to 0.83 m. The load, which can be
sustained by a specific drilling pile, was determined when the settling limit s = 40 mm. It is established that the method
of determining the bearing capacity adopted in the applicable standards corresponds to sandy soils with a high porosity
coefficient, therefore, at low porosity coefficients, the real bearing capacity exceeds the one determined by the
standards.

A table is proposed to determine the specific soil resistance on the lateral surface of the pile, taking into account the
porosity coefficient. To solve this problem, we used the geotechnical software complex "Plaxis 3D Foundation”, which
simulated the stress-strain state of the drill pile in sands of different size and density. 14 types of sandy soils were
modeled with a change in the porosity ratio from 0.45 to 0.75.

The results of the calculations using the proposed table are compared with the results of static testing of drilling
piles. The results showed better compliance with the test data compared to the norm methodology.

Keywords: pile, void ratio, mode of deformation, numerical simulation.

The common target setting and its connection with important practical tasks

In combination with the development of sites which are not very convenient for new constructions as
well as sites with already existing buildings and constructions, which do not allow the dynamic influence,
there are some tendencies to increase the use of drilling piles. The significant reserve to increase the
efficiency of drilling piles is the improving of methods to determine their load-bearing capacity at the
blue - print stage.

The analysis of the latest research and scientific papers. According to the gathered experience of
drilling pile[ tests in Ukraine as well as abroad there is some evidence that the load-bearing capacity of
the drilling piles, which is calculated with equations and database tables [1], is sometimes 2-3 times lower
than the real load-bearing capacity, which is determined during the statics research. Consequently, the
methods of determination of the load-bearing capacity for drilling piles need to be improved.

The parts of the common problem, which were earlier not solved, are segregated and described in this
article. The existing code documents do not take into account the change of the load-bearing capacity
depending of sand soil porosity [1]. The analysis of the research data proves the existence of such
dependence [2]. The acceptance of the influence of sand soil porosity permits to use larger loads on the
soils with low voids ratio and as a result to achieve economic benefits.

The purpose of the article. The purpose of the article is to determine the influence of the void ratio on
the load-bearing capacity of the drilled piles in sand soils.

The main subject of the article

To solve the given task the results of statics testing of the drilled piles done at the Research Institute of
Construction Work Execution and the Research Institute of Structural Engineering in Kyiv were used.
The results of site testing of 15 drilled borings from 10 different sites were considered. The testing sites
are located in following cities: Kyiv, Brovary and Boryspil. The sites had different soil conditions. The
completely in sand soil submerged piles were chosen.
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The piles of different length were tested. The range of length is from 2 to 12.0 m. The width of pile
shafts is in the range from 0.4 to 0.83 m. The load, which the given pile can bear, was determined after
reaching the settlement limit s =40 mm.

Fig.1 shows the results of comparison for the load-bearing capacity for the drilling piles, determined
according to the methods of code documents [1] with the use of data based table H.2.2 and the load-
bearing capacity according to the results of the field tests with the static load.

The load-bearing capacity of the pile F according to the results of statics research is shown in the
horizontal axis of the given diagram. The load-bearing capacity of the pile F1 calculated according to the
existing code documents is shown in the vertical axis of the diagram. The diagonal solid graph
corresponds to the optimum compliance of calculation and testing results.
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Fig. 1 — Diagram of load-bearing capacity of drilling piles in sand soils determined according to the methods
of code documents [1] and load-bearing capacity according to the results of statics research

The results of calculation and statics testing coincided in four cases (27% of all considered cases). The
reserve coefficient (F/F) of the load-bearing capacity in comparison to the code document calculation
makes to 1.97. The analysis of the obtained reserve coefficients shows, that there is a direct dependence
of their value from the sand void ratio. The reserve is large at low coefficients, at high coefficients the
reserve is low or absent.

The geotechnical software “Plaxis 3D Foundation” was used to solve the given task. With the help of
this software, the stress strain behavior of the drilling pile in sands of different specific gravity and
grading was simulated. The model of the soil base is the compressed-tensile model of Mohr-Coulomb.
Such model of the soil permits to simulate the pile work under the load with satisfactory accuracy. The
obtained value is compared with the values of the field research [3]. Sandy soils of 14 kinds with
following physics-mathematics characteristics were used for simulation:

1) coarse sands e = 0.55; ¢; = 2 kPa; ¢; = 43°; E = 50 MPa;

2) coarse sands e = 0.55; ¢; =1 kPa; ¢; =40°; E =40 MPa;

3) coarse sands e = 0.65; ¢; = 0 kPa; ¢; = 38°; E = 30 MPa;

4) concrete sands ¢ = 0.45; ¢; =3 kPa; ¢; = 40 ; E=50 MPa;

5) concrete sands e = 0.55; ¢c; =2 kPa; ¢; = 38°; E =40 MPa;

6) concrete sands e = 0.65; ¢c; = 1 kPa; ¢; =35°; E =30 MPa;

7) fine sands e = 0.45; ¢; = 6 kPa; ¢; =38"; E= 48 MPa;

8) fine sands ¢ = 0.55; ¢; = 4 kPa; ¢; = 36"; E = 38 MPa;

9) fine sands e = 0.65; c; =2 kPa; ¢; = 32°; E = 28 MPa;
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10) fine sands e = 0.75; ¢; = 0 kPa; ;= 28"; E = 18 MPa;

11) loose sands e = 0.45; ¢; = 8 kPa; ¢; = 36°; E = 39 MPa;

12) loose sands e = 0.55; ¢; = 6 kPa; ¢; = 34"; E = 28 MPa;

13) loose sands e = 0.65; ¢; = 4 kPa; ¢; = 30°; E = 18 MPa;

14) loose sands e = 0.75; ¢; = 2 kPa; ¢;=26"; E=11 MPa.

The load-bearing capacity of the drilling pile with the diameter of 0.5 m and the length of 10 m was
determined at the total strain of 4 cm.

Table 1 gives the results of the calculations for the load-bearing capacity of the pile for the determined
soils using the methods, the proposed codes [1], and according to the results of numerical modeling with
“Plaxis 3D Foundation”. When determining the load-bearing capacity according to the code documents
the resistance under the lower pile edges was calculated with the formula (H.3.2), taking into account the
internal friction angle and specific weigh of the soil. The side friction was calculated either with the
schedule H.2.2 or with the formula (H.2.2) (as the function of strength characteristic).

The results obtained with the numeric modeling have shown that the load-bearing capacity of the
drilling pile decreases 1.5 — 2 times when the voids ratio increases.

As long as the strength properties depend on voids ratio, the with the code documents determined
load-bearing capacity has the indirect dependence on soil density. When using the lateral resistance
calculated with the formula (H.2.2), this dependence equals to the dependence received with the numeric
modeling. When using the lateral resistance, determined with the schedule H.2.2, this dependence is far
more less, because only the resistance under the pile lower edge dictates it.

The disadvantage of the formula (H.2.2) used to determine the lateral resistance is the lower total load-
bearing capacity (it is lower than the load-bearing capacity determined with the help of the schedule
H.2.2, which in turn is less than the results of the field research shown in the Fig.1).

That means that the schedule equal to H.2.2 can be used with considering the influence of the voids

ratio.
Table 1
The comparison of the load-bearing capacity of the drilling pile, determined according to the code
documents and with the numeric modeling “Plaxis 3D Foundation”
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1 2 3 4 5 6 7 8 9
0.45 2 43 50 1498.3 1736.7 1909.8 1740
Coarse sands 0.55 1 40 40 1463.1 1736.7 1736.7 1393
0.65 0 38 30 1103.3 1405.5 1405.5 1095
0.45 3 40 50 1476.3 1736.7 1909.8 1651
Concrete sands 0.55 2 38 40 1299.7 1590.9 1590.9 1282
0.65 1 35 30 868.3 1192.5 1192.5 989
0.45 6 38 48 1313.9 1404 1526.6 1503
) 0.55 4 36 38 925.9 1049 1171.6 1182

Fine sands
0.65 2 32 28 571.9 743.3 743.3 833
0.75 - 28 18 355.7 577.7 577.7 556
0.45 8 36 39 1014 995.3 1084 1301
0.55 6 34 28 761.8 773.8 862.5 968
Loose sands

0.65 4 30 18 510.7 533.8 533.8 665
0.75 2 26 11 339.3 443.7 443.7 481
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For the further voids ratio influence analysis the modeling results were processed in such a manner:
- The load on the lower edge of the pile and the lateral resistance were determined (the part of the lower
edge was equal to the part calculated according to the code documents).
- Regularity accepted in the schedule H.2.2 [1] that takes into account the increasing factors for tight
sands was used to determine the relative density for lateral resistance with different depths through the

pile length.

As a consequence the table 2 with the values of the relative density in the lateral surface of the pile
was received which is similar to the schedule H.2.2 but with the introducing of an additional increasing
factors in the form of voids ratio. This schedule was made out for piles with the length 10 m. The lateral
resistance is determined by means of the rate from the values of the load-bearing capacity, received from

the DBN schedule with taking into account +30% for dense soils.

Calculated soil resistivity on the lateral area of drilling piles

Table 2

Depth of the Voids ratio Calculated sand resistivity on the lateral area of drilling piles, kPa
layer, m coarse sands concrete sands fine sands loose sands
1 2 3 4 5 6
0.45 44.7 41.5 334 30.1
1 0.55 24.6 24.8 34.6 27.3
0.65 234 26 27.5 21.6
0.75 - - 21.6 17.3
0.45 51.7 48.5 40.4 36.1
) 0.55 31.6 31.8 41.6 33.3
0.65 30.4 33 34.5 27.6
0.75 - - 28.6 233
0.45 57.7 54.5 45.4 40.1
3 0.55 37.6 37.8 46.6 373
0.65 36.4 39 39.5 31.6
0.75 - - 33.6 27.3
0.45 62.7 59.5 48.4 42.1
4 0.55 42.6 42.8 49.6 39.3
0.65 41.4 44 42.5 33.6
0.75 - - 36.6 29.3
0.45 65.7 62.5 50.4 44.1
5 0.55 45.6 45.8 51.6 41.3
0.65 44 .4 47 44.5 35.6
0.75 - - 38.6 31.3
0.45 67.7 64.5 52.4 46.1
6 0.55 47.6 47.8 53.6 433
0.65 46.4 49 46.5 37.6
0.75 - - 40.6 33.3
0.45 69.7 66.5 53.4 47.1
7 0.55 49.6 49.8 54.6 443
0.65 48.4 51 47.5 38.6
0.75 - - 41.6 343
0.45 71.7 68.5 54.4 48.1
p 0.55 51.6 51.8 55.6 453
0.65 50.4 53 48.5 39.6
0.75 - - 42.6 353
0.45 73.2 70 55.4 48.6
9 0.55 53.1 53.3 56.6 45.8
0.65 51.9 54.5 49.5 40.1
0.75 - - 43.6 35.8
0.45 74.7 71.5 56.4 49.1
10 0.55 54.6 54.8 57.6 46.3
0.65 53.4 56 50.5 40.6
0.75 - - 44.6 36.3
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Table 3
The comparison of the load-bearing capacity of the drilling piles, determined according to the schedule 2,
with the research data and with the load-bearing capacity, determined according to the code documents
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The values of the load-bearing capacity were determined with the help of the table 2 for research sites.
The research led to the deformation of 4 sm. The pile length equals 10 m; the pile was completely
immersed into the sandy soil. Table 3 shows the comparison of the experimental results with the results
from the table 2. The resistance under the lower pile edge was determined according to the formula
(H.3.2) (1). The results of the load-bearing capacity, determined according to the code documents, are
shown in table 3.

The results better correspond to the research data in comparison with the results determined according
to the code documents.

Conclusions

As the result of mathematical simulation, the schedule of the relative density for sandy soils on the
lateral area of drilling piles was obtained with taking into account the soil porosity ratio for the piles with
the length up to 10 m. The use of this schedule helps to receive more economical solutions for the design.
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I. B. MaeBchka'
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0. A. Kopunucbkuii®

BU3HAYEHHS HECYYOI 3JATHOCTI BYPOBUX ITAJIb
3 BPAXYBAHHSM KOE®IIIEHTY MOPUCTOCTI IPYHTIB

1BiHHVILI,bKMl7I HauioHanbHWA TEXHIYHMIA yHIBEpCUTET
zBiHHVILI,bKMVI HayKOBO-AOCHIAHUIA eKCNePTHO-KPUMIHANICTUYHUI LEHTP

lNpoaHanizoeaHull ennue kKoeghiuyieHmMy nopucmocmi niwaHux rpyHmie Ha Hecydy 30amHicmb 6yposux nasnb 3a
pe3ynbmamamu iXx cmamu4yHux eunpobyeaHb y nonbosux ymosax. Bunpobosysanuckb narni pi3Hoi 0oexuHu. [JoexuHu
nanb 3Haxo0simbcs 6 Oiana3oHi 8id 2 do 12,0 m. Hiamemp cmeona nasb 3Haxodumbscsi 8 mexax 6i0 0,4 m 0o 0,83 m.
HasaHmaxeHHs, sike MoOxe sumpumMamu KOHKpemHa bypoea narss, eu3Haqanocs rnpu 0ocsicHeHi mexi ocidaHHs s = 40
MM. BcmaHoeneHo, wo npuliHima 8 YUHHUX HOpMax Memoduka 8U3Ha4YeHHs1 Hecy4yoi 30amHocmi gidnogidae niwaHum
rpyHmam 3 8UCOKUM KoeiuieHmom ropucmocmi, ome fnpu HU3bKUX KoedgbiyieHmax rnopucmocmi peanbHa Hecy4ya
30amHicmb repesuulye su3HaqyeHy 3a HopMamu.

BanponoHosaHa mabnuys Onsi 8U3HAYeHHS MUMOMOR20 Oropy rpyHmy o 6okKoeili nosepxHi nani 3 epaxyeaHHAM
KoegpiyieHmy nopucmocmi. [na pose’a3aHHs nocmaeneHoi 3adayqi eukopucmogyeascsi 2e0mexHiYHUl rnpoapamMHuli
komnnekc «Plaxis 3D Foundation», 3a 00nomMoz0ok siko2o Modeseascsi HanpyxeHo-0eghopmosaHulli cmaH 6ypoesoi nani
8 nickax pi3HOi KpyrnHocmi ma winbHocmi. Modenteanocs 14 eudie niwaHux rpyHmie i3 3MiHeHHsIM KoedilieHmy
nopucmocmi 8id 0,45 do 0,75.

Pesynbmamu po3paxyHKie 3 8UKOpUCMaHHAM 3arporoHoeaHoi mabnuyi nopisHsAHI 3 pe3dynbmamamu cmamuy4Hux
sunpobysaHb b6yposux nanb. Pe3ynbmamu nokasanu Kpawy e8i0nogiOHicmb O0CAiOHUM OaHUM Yy [OPIHSAHHI 3
MemoOUKO HOPM.

Kntoyosi crioga: nans, koeghiyieHm nopucmocmi, HanpyxxeHo-0eghopMosaHull cmaH, 4Uucs108e MOOesIHo8aHHS.

Macscvka Ipuna Bikmopiena — K. TexH. HayK, JOLUEHT Kadenpu OyAiBHUITBA, MICBKOTO TOCHOZApCTBA Ta
apXiTeKTypu BiHHUIIBKOTO HAIIOHAIHHOT'O TEXHIYHOTO YHIBEPCUTETY.

Brawyx Hamans Bikmopiena — K. TeXH. HayK, JOUCHT Kadempu OymiBHHUITBA, MIiChKOTO TOCIIOAapCTBa Ta
apXiTeKTypu BiHHUIIBKOTO HAIIOHAIHHOT'O TEXHIYHOTO YHIBEPCUTETY.

Kopuuncokuii Onekcandp Anamoniiioguy — CyJ0oBHI €KCIEpT Biiny OyIiBeNbHHX, 3€MEJIbHUX JOCITIDKEHb 1
OIIHOYHO{ HisNTEHOCTI BIHHUIIEKOTO HAYKOBO-IOCTITHOTO eKCIIEpTHO-KpUMiHamicTHaHOTO HeHTpa MB/I Ykpainu.

H. B. Maegckas'
H. B. Bnamylcl
A. A. Kopunncknii’

OIIPEJEJIEHUE HECYIIEN CIOCOBHOCTHU BYPOBBIX
CBAM C YYETOM
KO2®PUIIUEHTA IOPUCTOCTU T'PYHTOB

1BMHHVILI,KVII;1 HaUMOHarnbHbIA TEXHUYECKUA YHUBEPCUTET
2BUHHULIKMI1 HAy4YHO-NCCIIEI0BATENLCKUN 3KCTIEPTHO-KPUMUHANMCTUHECKMIA LIEHTD

lNpoaHanu3uposaHo enusiHUe KoaghchuyueHma nopucmocmu necyaHbIX 2PyHMO8 Ha HeCyulyr CrnocobHOCMb
byposbix ceali no pesynbsmamam UX Cmamu4YecKux UcrbimaHull 8 rosesbix ycrosusix. Vicnbimsiganucb ceau pasHol
OnuHbl. [nuHbl ceali Haxodssmesi 8 duarna3oHe om 2 0o 12,0 m. [Juamemp cmeona ceall Haxodumcsi 8 npedesnax om 0,4
m 0o 0,83 m. Haepy3ka, komopyto Moxem ebldepxamb KOHKpemHas bypoeasi ceasi, onpedensnack npu AoCmuXeHuu
npedesnibHol ocadku s = 40 MMm. YcmaHoereHo, Ymo rnpuHsmas 8 Oelicmeyruux Hopmax mMemooduka orpedeneHusi
Hecyujel criocobHocmu omeeyaem rnecyaHbiM epyHmam C 8bICOKUM KO3ghehuyueHmom rnopucmocmu, makum obpasom,
1pU HU3KUX KO3ghghuyueHmax nopucmocmu pearsbHasi Hecywasi cnocobHocmb npesabitiaem onpedesieHHy No HopMam.
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lMpednoxeHa mabnuya 0na onpedeneHusi y0esibHO20 COMPoOMuUBIieHUs epyHma no 6okogol nosepxHocmu ceau C
y4yemom KoaghgpuyueHma rnopucmocmu. [ns peweHuss nocmasneHHoU 3adadqu UCMob308arcs 2eomexHu4yeckul
npozpammHbil  kKomnnekc «Plaxis 3D Foundation», ¢ MOMOWbO KOMOPO20 MOOEUPOBasnioCb HarpsXXeHHO-
deghopmuposaHHoe cocmosiHue byposoli ceau 8 neckax pasHol KpynHocmu u rninomHocmu. Modenuposanock 14 eudos
recyaHbIx 2pyHmMo8 ¢ udMeHeHuUeM KoagguyueHma nopucmocmu om 0,45 0o 0,75.

Pe3ynbmambl pacyemos ¢ ucnonb308aHueM pednoxeHHoU mabnuybl cpasHUBanuCb C pe3ynbmamamu
cmamuyeckux ucrnbimaHull 6ypoebix ceall. Pe3ynbmambl rokasanu fy4yuee coomeemcmeue OfbiMHbIM OaHHbIM 10
CpaBHeHUI ¢ MemoOuKoU HOPM.

Knoyesble cnosa: ceasi, KoaghghuyueHm nopucmocmu, HanpskeHHo-0eghopMmuposaHHoe cocmosiHue, YucneHHoe
ModesnuposaHue.

Maeeckas Hpuna Bukmoposena — X.T.H., TOIEHT KaeApbl CTPOUTEIHCTBA, TOPOJCKOTO XO3SIHCTBA U APXUTEKTYPHI
BI/IHHI/IHKOFO HallMOHAJIBHOI'O TEXHUYCCKOI'0 YHUBCPCUTETA.

Brawyx Hamanvs Bukmopogna — K.T.H., TOUCHT KadeIpbl CTPOUTENBCTBA, TOPOACKOTO X035HCTBA U apXUTEKTYPBI
BI/IHHI/IHKOFO HalMOHAJIBHOI'O TEXHUYCCKOI'0 YHUBCPCUTETA.

Kopuunckuit Anexcanop Anamonvesuu — cyneOHBIN SKCIIEPT OT/AEa CTPOUTEIBHBIX, 3eMETbHBIX UCCIIEIOBAHUN U
OHeHO‘IHOﬁ ACATCIBbHOCTHU BI/IHHI/IHKOFO HaYy4YHO-UCCJICAOBATCIILCKOTO J3KCIICPTHO-KPUMUHAIIUCTHUICCKOI'O IEHTpa
MB/I Ykpaussl.
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