Theory and Building Practice

Vol. 3, No. 1, 2021

https://doi.org/10.23939/jtbp2021.01.113
Oleksandr Novytskyi

SOIL-CEMENT PILES FIBER REINFORCED

National University “Yuri Kondratyuk Poltava Polytechnic”,
Department of Building Structures
Novytskyi.a.p@gmail.com

O Nowytskyi 0., 2021

Problems and insufficient research of the issue of reinforcement of soil-cement piles are
revealed. The use of fiber for reinforcing piles made by the deep soil mixing method is proposed. As a
result, it is expected to increase the strength of soil-cement, which will positively affect the bearing
capacity of soil-cement piles on the material. Given the advantages for applications in the studies
adopted steel fiber. The program of tests with application of two factor matrices of planning of
experiment is made. The obtained results showed the degree of influence of fiber reinforcement on the
strength of soil-cement. Practical results have been obtained that can be used for implementation in the
process of installation of soil-cement piles.
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Introduction

The number of stores in a modern building increases, thus increasing the mass of the buildings
themselves, and with it the load on the foundation and base, respectively. There is a tendency to the most
efficient development of each land plot in the central parts of the cities of Ukraine and the world.

These factors lead to the fact that the centres of large cities are densely built up with high-rise
buildings. Due to the fact that the load on the base is quite significant, it is almost always impossible to
use the shallow foundations.

There is also a tendency to complete or renovate existing buildings and structures with a change in
functional purpose. Accompanied by a change in loads and, often, a change in the structural scheme of
the building.

A possible solution for the selected trends is the installation of pile foundations. Tight building
conditions do not allow the hammering of reinforced concrete piles, due to the possible impact on
neighboring buildings. The only rational solution is to use different types of drilling piles.

The stated requirements are met by the technologies of drilling injection piles and drilling piles,
which are arranged according to the deep soil mixing technology — soil-cement piles.

It should be noted that the use of pile foundations in weak soils is not always economical, as in this
case the bearing capacity of the pile by material is insufficiently used. Production of borehole injection,
stuffing and driving of reinforced concrete piles of considerable length (more than 20 m) meets certain
difficulties: for stuffed concrete piles — installation below the groundwater horizon, for prefabricated —
joining piles and the possibility of breaking the pile joint during immersion.

In turn, soil-cement piles make it possible to install a pile foundation without the use of any
methods of strengthening the walls of the well. Transportation of materials to the construction site is
minimized due to the use as the main filler, for the material of the pile trunk, the soil that lies at the base
of the building. (Zotsenko, Vynnykov & Zotsenko, 2016; Zotsenko, 2007; Zotsenko, Korshunov &
Perederyy, 1987; Krysan, 2010; Lartseva & Petrash, 2006)
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As noted earlier, deep soil mixing technology is the most suitable for use in the creation of soil-
cement. The obtained soil-cement elements are reinforced and used as pile foundations for buildings and
structures.

The purpose of the study

To reduce the cost of pile foundation construction, it is necessary to effectively use the soils that lie
at the base of the building. In the study of world experience, we can identify the method of saturation of
soils with cement, which results in a material of fairly high strength — soil-cement. Due to the use of deep
soil mixing technology of soil saturation with cement, it becomes possible to install vertical cylindrical
soil-cement piles of a given length and diameter.

Thus, the use of soil-cement piles is the most rational and economical method of laying foundations
in the proposed conditions.

Among the disadvantages of soil-cement can be distinguished relatively lower bearing capacity of
the pile material. Therefore, to increase the strength of soil-cement and, as a consequence, the bearing
capacity of the pile on the material adopted to study the method of fiber reinforcement of the material.
(Nesterenko, 2013; Petrash, 2013; Novyts'kyy, 2015; Bruce, 2000; Lambert, Rocher-Lacoste & Le
Kouby, 2012)

The aim of the research is to study the influence of fiber reinforcement on the strength of soil-
cement.

Materials and methods

The combination of increasing the strength of soil-cement and reinforcement of soil-cement piles
can be considered the use of fibers (fibers), which serve both as aggregates and reinforcing particles for
the material.

Fibers can be made of two types of material: steel fibers (shown in Fig. 1) and synthetic fibers
(shown in Fig. 2).

Fig. 1. Steel fibers Fig. 2. Synthetic fibers

The adhesion of the fiber to the cement stone is due to the curvature of the fiber itself, as
well as notches that may be on the surface of the fibers. The disadvantage of synthetic fiber is the
high smoothness of the surface, which has a lower level of adhesion to cement stone than steel.
The disadvantages of synthetic fiber also include almost 50 times less modulus of elasticity and
half the strength. (Denies & Van Lysebetten, 2012; Kyiashko, 2013; Doroshenko, 2014; Fatahi,
2012; Sadek, 2013)
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Steel fiber was adopted for experimental studies of its effect on the strength of soil-cement, given
its advantages and relatively lower cost. Fibers are made from used ropes and cables.

Fiber-reinforced soil-cement is a type of dispersed reinforced concrete.

Comparisons of technical characteristics of synthetic and steel fibers used for construction are
shown in table 1.

Table 1
Technical characteristics of synthetic and steel fibers.
Fiber’s type Synthetic fibers Metal fibers
Length, mm 402 20; 35; 50
Thickness, mm/Wide, mm 0.6/1.2 1.00 mm = 0. 03
High / step wave, mm 1.5/7.0 2.0/8.0
Relative elongation at break, % 10.0 -
Tensile strength. N/mm? 600 1150
The amount of fiber in 1 kg, not less, pcs 52 000 3240
Modulus of elasticity, MPa 4000 190 000

Fiber-reinforced structures are divided into:

— with evenly distributed fiber throughout the volume of the material, without the use of reinforcement;

— with even distribution of fiber throughout the volume and reinforcement with steel reinforcement;

— with the distribution of fiber only in the areas of tension.

For soil-cement piles that work mainly on compression, it is rational to use a method of using fiber
for which the distribution occurs throughout the structure. In this case, taking into account the
technological features of drilling technology without soil removal, there is a need to introduce fiber into
the water-cement solution in the process of mixing and feeding with subsequent distribution on the body
of the pile and mixing in the soil. At the same time, the uniformity of fiber distribution and the quality of
soil-cement mixing remain an unsolved problem.

When using fiber reinforcement of soil-cement piles, it becomes almost impossible to reinforce
piles with reinforcing frames due to the impossibility of pressing them into the pile material.

Plastic loam with a flow rate of 0.4 was used for the production of soil cement. The dosage of CEM
| R42.5 cement was 250 kg/m?, with a water-cement ratio of 1.0.

To test the effect of the use of fiber for soil reinforcement, a series of samples of cubes, size
150x150x150 mm, according to a two-factor matrix, the structure of the matrix is shown in Table 2.

Table 2
The structure of the two factor matrices of the experimental plan
X1 B B T S R R A O S O S I A I A I A
X2 “+111 “_1” ll+1” ll_l” “0” “0” “+111 ll_l” “0” “0” “0”

The first factor (X1) was the consumption of fiber by weight, with (-1) = 20 grams per cube,
(0) = 60 grams and (+1) = 100 grams. The cost of fiber per cube was calculated according to the
recommendations and was 20-100 kg / m3.

The second factor was the length of the fiber, with (-1) = 20 mm, (0) = 35 mm and (+1) = 50 mm.
Accepted lengths correspond to those provided by the manufacturers.

Results. The tests were performed on a PSU-10 press during the curing period of 28 days, the
samples were stored in moist soil.
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It should be noted that the destruction of soil-cement not reinforced with fiber is more fragile and
chips appear immediately. The destruction of fiber-reinforced soil-cement samples is less fragile and the
sample retains its shape and integrity after destruction. The destruction of the samples is shown in Fig. 3

and Fig. 4.

Fig. 3. No fiber soil-cement Fig. 4. Fiber-reinforced soil-cement

Results and discussion
Selection of the optimal ratio of length and amount of fiber is performed according to the obtained

graphs. (Fig. 5-7)
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The results of the strength control are shown in Table 3

Table 3
Strength of soil-cement samples with steel fiber
Mass of fiber | 05 | 100 | 20 | 20 | 100 | 20 | 60 | 60 | 60 | 60 | 60
(X1), 9
Lengthof fiber | o5 | 59 | 50 | 20 | 35 | 35 | 50 | 20 | 35 | 35 | 35
(X2), mm
Strength, MPa | 2.99 | 2.78 | 239 | 2.5 | 2.78 | 2.33 | 2.79 | 242 | 259 | 2.66 | 2.52

The average strength of control soil-cement samples produced without fiber reinforcement was
2.07 MPa.

Comparing the strength results of samples without fiber reinforcement and samples with the
maximum value of strength, a significant increase to 44 % of the compressive strength of soil-cement is
observed.

Analyzing the obtained graphs (Fig. 5-7), it should be noted that the further increase in the length
and number of steel fibers will lead to an increase in the compressive strength of soil-cement.

Experimental studies of the effect of soil-cement fiber reinforcement on its strength have been
carried out. According to the two-factor matrix experiment, the relationships between the strength of the
material, the amount of fiber and the length of the fiber fibers were obtained.

According to the results obtained from research, the positive effect of fiber reinforcement on the
strength of soil-cement is clearly traced, which in turn will increase the bearing capacity of the soil-
cement pile on the material. The introduction of fiber along the entire length of the pile in the process of
drilling without removing the soil requires additional technological refinement. But in the most loaded
heads of soil-cement piles it is possible to use fiber reinforcement.

Conclusions

The use of fiber reinforcement soil-cement has a positive effect on the strength of the material. The
use of steel fiber with a length of 60 mm in the amount of 100 kg / m? leads to an increase in strength
compared to non-reinforced soil-cement up to 44 %. According to the results of the obtained graphs, it is
clear that the indicator can be improved by further increasing the length and number of steel fibers. At the
same time, the technological issue of installation of fiber reinforced soil-cement piles on deep soil mixing
technology without soil extraction needs additional refinement to solve it.
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O. I1. HoBnubKuii

HarmionaneHuit yHiBepcuTeT

“TlontaBcrka nomitexHika iMeHi FOpis Konnparioka”,
kadenpa OyniBeTbHUX KOHCTPYKIIIH

®IFPOAPMYBAHHSA IPYHTOLEMEHTHUX ITAJIb
© Hosuywkuu O. I1., 2021

BunineHo TenneHIii B OyAiBHUITBI, Ui SKUX 3aCTOCYBaHHS I'PYHTOIIEMEHTHUX Majlb, BCTAHOBJICHUX
3a Oypo3MilIyBaJIbHUIM METOJAOM, € ONTHUMAIbHUM T€OTEXHIYHMM pilleHHsIM. BusBieHo mpobieMaTuky Ta
HEJIOCTATHE JOCII/UKEHHS INMUTAaHHS apMyBaHHS IPYHTOLEMEHTHHX Najb. 3alpOIOHOBAHO BUKOPHUCTAHHSI
(i0pOBOJIOKHA ISl apMYBaHHS IaJlb, BUTOTOBJICHHUX 32 OypO3MIlllyBalbHHUM METOIOM O€3 BUHMAaHHS IPYHTY.
SIK pe3ynbTaT OYIKYETHCS MiJBHIIEHHS MIIJHOCTI TPYHTOLIEMEHTY SIK Marepially, IO, CBOEIO Yeprolo, Io-
3UTHBHO BIUIMHE Ha HECydy 3JaTHICTh I'PYHTOLEMEHTHHX Iajb 3a MarepiaqoM. BuiineHi ocCHOBHI Xxapakre-
PHUCTHKH METAIEBUX Ta CHHTETHYHHUX (PiOPOBOJIOKOH, 10 MOXYTh OYTH 3aCTOCOBaHI JUlsl Majib. BpaxoByrouu
mepeBaru sl 3aCTOCYBAaHHS, B JOCHIHKCHHSIX BUKOPHUCTAHO MeTaieBi (hiOpOBOJOKHA, sSKi MAarOTh BHUILY
MIIHICTD, MOZYJIb IPYXHOCTI Ta JocTynHHimi. CKIaeHo mporpaMmy BHIPOOYBaHb i3 3aCTOCYBaHHSM JIBO-
(bakTOpPHOI MaTpPHUIli IJIAHYBAHHSA €KCIIEPUMEHTY U IPOBeIeHH BUIPOOyBaHb MIIHOCTI (hibpoapMoBaHOTO
rpyarouemeHTy. [lepiinm 3MiHHEM (HaKTOPOM NPUHHSATO KUIBKICTh (DiOPOBOJIOKOH, 110 BBOJSTHCS VIS apMy-
BaHHS B IPYHTOLIEMEHT MiJ 4ac 3MilIyBaHHA. JpyruM 3MiHHMM (aKTOpOM HPHUHHATO JOBKHHY METAJEBHX
(10pOBOJIOKOH. BHUIOTOBIEHO IPYHTOLIEMEHT, B KOTpHH A0AaHO (iOpOBONOKHA Ta CHOPMOBAHO BHUIIPO-
OyBanbHi 3pa3ku. IIpoBeneHo cepito mabopaTopHux BUIpoOyBaHb 3pa3KiB KyOiB. BukoHaHo aHaimi3 oTpuMa-
HUX PE3yNbTaTiB BHIPOOYBaHb MIIHOCTI Ha cTHCK. CKiaaeHi rpadiku BimoOpaxaroTh 3aJeKHICTh MIITHOCTI
(hibpoapMOBaHOTO TPYHTOIICMEHTY Bill 3aJaHUX 3MIHHHX (PaKTOPIiB KITBKOCTI Ta MOXKUHH (PiOpPOBOIOKOH.
OpnepxaHi pe3yNbTaTH IOKa3alK CTYMiHb BILTUBY (iOpoapMyBaHHS Ha MILHICTh IpyHTOLEMEHTY. OTpUMaHO
MPaKTUYHI Pe3yIbTaTH BHUIMPOOYBaHb, KOTPI MOXKYTh OYTH 3aCTOCOBaHI JJIS BIPOBADKCHHS ITiJ] Yac BIIAI-
TYBaHHS ITPYHTOLIEMEHTHHX Maib. [3 BUCHOBKIB 3p03yMiJso, 110 TOCTABJIEHOI METH JOCIIKEHb JOCITHYTO i
BUSIBJICHUH HAIpsSIM NOTpeOye MOAaIbIINX JOCHIIPKEHb B MIPOLIEC] BIPOBAKEHHS B OYIIBHUILITBO.

KurouoBi cjioBa: rpyHTOLEMEHT, apMOBaHI I'pyHTOLeMeHTHI maJui, ¢idpoapmyBanHsi, 0ypo3-
MillyBaJIbHUH MeTOJ, Hecy4a 3JaTHICTh MaJjib 3a MaTepiajoM, JadopaTopHi BUNpoOyBaHHs, ABodaK-
TOpHA MaTpHIIs.



