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EXPERIMENTAL RESEARCH OF SOIL STABILIZATION BY CEMENT
PULSE INJECTION

The paper contains the results of experimental research dealing with the study of soil foundations
carrying capacity stabilization using injection dynamic pressure. The results obtained proved the efficiency
of pulse injection and showed that pulsing supply of the mortar provides 30% increase of its spreading, as
compared with the usage of injection static pressure. The analysis of the study of mortars pulse injection
in various soil structures has been performed, optimal parameters of the process are determined.
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Introduction

Numerous old buildings require constant monitoring of carrying capacity of main constructive
elements of these buildings and their foundations. Practical experience shows that there exists the
necessity to strengthen foundations and carrying basements of building and constructions. Recently,
method of soil base strengthening and establishment of new foundations in condition of building
density, providing the injection of high-pressure mortar in the depth of soil mass under certain static
pressure has been widely used [1 — 3]. This method has a number of important advantages: it
excludes dynamic loads on the foundation, emerging while driving piles; it can be used in any soil
conditions and in conditions of dense building. Nowadays the problem of soil stabilization is actual
and requires further research.

Analysis of the recent research and publications showed that the injection of foundations was
carried out under the static (constant) pressure [2 — 4], it does not always provide high quality
penetration and spreading of mortar in the depth of soil mass, and, as a result, does not ensure the
necessary carrying capacity of the mass.

Main part

To improve the efficiency of injection method of soil foundations stabilization , the authors
suggested the method of usage of additional pulsation of operation pressure, created by special
generator of hydraulic pulses, on stationary flux of cement mortar delivery.

For carrying out experimental research experimental stand was developed (Fig. 1) [5, 6], it
operates in the following way. When mortar pump 3 is switched on, injecting mortar under the preset
pressure is fed across the pipeline and fills up the tank for injecting mortar supply 1. Under the action
of working pressure, created by the compressor 10, the supply of injecting mortar across the check
valve along the pipeline 2 in technological chamber 5 and further along the pipeline 12 to internal
cavity of the injector 11 and pores of soil material, located in the tank 7 is performed.

When the pump of drive hydraulic system 8 working fluid under the preset pressure enters the
cavity 4 of hydraulic cylinder 13. The pressure of the working fluid increases to certain boundary
value, at which generator of hydraulic pulses 9 is adjusted. Under the action of working fluid
pressure on the area of the plunger 6, it moves to the right and creates additional load on the closed
volume of the injecting mortar, located in the chamber 5. As a result, additional portion of injecting
mortar in the pipeline 12 is pushed across the injector 11 into the soil mass. When critical pressure
of working fluid is achieved, the pulse valve 9 operates in the cavity 4. The pressure of working fluid
in drive hydraulic system 8 drops and working fluid is removed to discharge. Further the process is
repeated in automatic mode.

Experimental research were carried out at three types of soil foundations: sand, sand loam and
loam. Soil foundations had the following physical-mechanical characteristics:
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a) for sand: specific weight — 18.1 KN/m’; filtration factor — 9.0 m/day; deformation modulus —
15.3 MPa; specific adhesion — 8.1 kPa; angle of internal friction — 27.8 degr;

b) for sand loam: specific weight — 18.6 KN/nr’; filtration factor — 0.48 m/day; deformation
modulus — 12.5 MPa; specific adhesion — 19.2 kPa; angle of internal friction — 25.3 degr;

¢) for loam: specific weight — 19.4 KN/m’; filtration factor — 0.04 m/day; deformation modulus —
9.5 MPa; specific adhesion — 26.8 kPa; angle of internal friction — 18.2 degr.

As injecting mixture, cement mortar was used, ratio water/cement=1. While performing the
experiments, working discharge pressure varied within the range 0.2 — 0.4 kgficm’, frequency of
pressure hydraulic pulses repetition varied from 5 to 10 Hz. Besides, the volume of injected mortar
in soil mass also changed.

Fig. 1. General view of experimental stand and its components: 1 — vessel for injection mortar supply; 2, 12 — pipe-
lines; 3 — mortar pump; 4 — working chamber; 5 — technological chamber; 6 — plunger; 7 — tank, filled with porous
soil material; 8 — hydraulic-drive station; 9 — pulse valve; 10 — compressor; 11 — injector; 13 — hydraulic cylinder
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Fig. 2. Determination of spreading radius of the mortar of obtained experimental sample under discharge pressure p =
0,3 kgfc/cm® with pulsation frequency10 Hz

Studies were performed in two stages [7]. At the first stage mortar injection was performed under
constant (static) pressure. The obtained samples are shown in Fig. 3, c¢). At the second stage
pulsation was imposed on stationary flux of mortar, supplied at the working pressure. The obtained
samples are shown in Fig. 3 a), b), correspondingly. While performing the experiments all the
obtained experimental samples had solid structure.

As it 1s seen from Fig. 3 permeability of the mortar was observed at pulsation frequency of 10 Hz.
It can be explained by the fact, that as a result of hydraulic pulses application the forces of friction
between soil foundation and injected mortar are reduced in the flux of cement mortar, that causes the
increase of mortar spreading area and increase the radius of its spreading. As a result, carrying
capacity of saturated soil increases. Pulse injection enables to discharge under pressure 1.8 — 2.2
times more cement mortar as compared with conventional static injection.

Fig. 3. Obtained experimental specimen: a) at injection frequency 10 Hz; b) at injection frequency 5 Hz; c) at constant
injection pressure
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Table 1

Comparative table of mortar spreading radius change at various injection modes

Injection pressure | Static pressure Pulse injection Pulse injection
w=5 Hz w=10 Hz
sand
p =02 kgflcm® 64 mm 84 mm 108 mm
p =03 kgflcm® 78 mm 96 mm 118 mm
p =04 kgf/cm® 86 mm 106 mm 124 mm
sand loam
p =02 kgf/cm® 53 mm 74 mm 92 mm
p =03 kgf/cm® 62 mm 88 mm 102 mm
p =04 kgf/cm® 70 mm 93 mm 110 mm
loam
p =02 kgf/cm® 29 mm 40 mm 56 mm
p =03 kgflcm® 34 mm 46 mm 64 mm
p =04 kgf/cm® 38 mm 53 mm 74 mm

After carrying out experimental research determination of mortar spreading radius at various
injection modes was performed (Fig. 3). The results of spreading radius change are shown in Table
1. As it is seen from the Table, while using pulse injection at pulsation frequency 5 Hz, it is possible
to increase the radius of mortar spreading on average 25 — 30%, and if pulsation frequency is 10 Hz,
then the radius increases on average 35 — 40%. Varying the pulsation frequency of cement mortar we
can forecast the necessary radius of its spreading in soil foundation.

On the basis of experimental research, carried out, graphs of the radius of mortar spreading
change, depending on injection pressure (Fig. 4 — 6) were constructed. As it is seen from the given
graphs, maximal radius of mortar spreading is observed at pulsation frequency of 10 Hz at all values
of pressure change Proceeding from the results obtained, the conclusion can be drown that the
permeability of mortars and the area of their spreading increases with the increase of pulsation
frequency. For practical application of pulse injection it should be noted that pulsation frequency of
the mortar can be increased only till certain limiting value, at which further hydraulic break of porous
medium occurs.
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Fig. 4. Graph of mortar spreading radius change dependence on injection dynamic pressure for sand
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Fig. 5. Graph of mortar spreading radius change dependence on injection dynamic pressure for sand loam
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Fig. 6. Graph of mortar spreading radius change dependence on injection dynamic pressure for loam

Conclusion

1. Experimental verification of the suggested hydraulic pulse equipment has been carried out, quantitative
and qualitative evaluation of parameters and characteristics of technological mortars discharge under pressure
into soil mass has been performed, the verification, carried out proved the efficiency of the equipment.

2. Comparison of research results, carried out in accordance with the analysis of formed filling bodies (Fig.
2, 3) showed that pulse discharge of injecting mortars in the mass is more efficient as compared with static
one, at the increase of pulsation frequency of the mortar , its spreading in the depth of soil mass also
increases. Finally, in practical application this may ensure high strength of reinforced soil mass and greater
carrying capacity of bases and foundations.

3. Experimental research showed that pulse injection enables to discharge under pressure 1.8 — 2.2 times
more cement mortar as compared with the static injection. The increase of mortar spreading radius on average
by 30 — 40% as compared with conventional static injection is observed, that considerably influences the
stability and carrying capacity of stabilized soil mass.

REFERENCES
1. boromonoB B. A. MeTon BEICOKOHAIOPHON MHBEKIIUH CBSI3HBIX TPYHTOB IIPH YCTPOMCTBE M YCUIEHHUH OCHOBAHUM

Haykosi npani BHTY, 2014, Ne 1 5



CIVIL ENGINEERING

1 (pYHIAMEHTOB : aBTOpe(d. JWC. HAa COMCKAHUE YUCHOW CTEMEeHW KaHI. TexH. Hayk : cmer. 05.23.02 «OcHoBaHus U
¢ynnamentel» / B. A. Boromonos. — [lepms, 2002. — 18 c.

2. 3oumenko M. JI. BukopHCTaHHS METOHLY EJNEKTPOXiMIYHOTO 3aKpiIUIEHHS TPYHTY TpH MiJCHJICHHI OCHOB i
(¢byHIaMEeHTIB y Tporeci peKOHCTpykili OymiBenb 1 cmopyn. / M. JI. 3omenko, 0. B. Anmaro // BymiBenbHi
koHCTpyKwii. — 2007. — Bun. 57. — C. 367 — 374.

3. l'onoko C. W. Teopust M mpakTHKa yCHJICHUs] TPYHTOBBIX OCHOBAHMH METOIOM BHICOKOHAIIOPHOW IIEMEHTAIWH:
Mownorpadus. / T'onosko C. U. — Iuenponerposck: [Toporu, 2010. — 247 c.

4. Jlanuc A. JI. YmpouHeHHe TPYHTOB METOIOM HamopHbIX HHBeKIwiA / A. JI. Jlamuc, B. W. ITyckoB, M.
. Kpunkwuii, B. @. Cxopkus // Ctpourenbhbie KoHCTpyKimd. — 2004, - Ne61, 1. 2. - C. 53 — 58.

5. TTar. Ne 79358 U Vkpaina, MIIK® E 02 D 3/12, E 02 D 5/42. In’exuiituuii crioci6 ykpinnenss rpysris / Ko 1.
B., Bampopa H. Il.; 3asBHUK Ta NMaTeHTOBIACHUK BiHHWIBKHMI HalliOHANBHUH TEXHIYHWH yHiBepcuteT. — No u 2012
09822 ; 3asBi. 14.08.12 ; omy6um. 25.04.13, Bromn. Ne 8.

6. Tarent Ne 81613 Yxpaina, MITK® E 02 D 5/46. In’extop s 3aKpimieHHs Hecyunx ocHos cropyx / Kom I. B.,
Bagpopa H. I1.; 3asBHHK Ta maTeHTOBIACHUK BiHHMIBKHMI HAI[lOHAJIbHUH TeXHIYHMH yHiBepcuteT. — No u201214112 ;
sasBiL. 11.12.12 ; omy6u. 10.07.13. Brosr. Ne 13.

7. ExcniepuMeHTaNbHE JOCIIKEHHS TPOIIECY IMITYIbCHOTO HATHITaHHs cyMileid B rpyHToBUi MacuB : (COOpHHK
MaTEepHAIOB MEXKIYHApPOIHOH Hay4HO-TIpAaKTH4ecKoi KoH¢epeHimn "Hayunblii moteHnman wmupa') [EnexrpoHHMiA
pecypc] / H. I1. bagpopa, 1. B. Kou // Hay4nsrit moteHnuan mupa. CTpOUTENbCTBO U apxuTekTypa — 2011, — oM 2. —c.
71 —73.: — Pexxum noctyny : http://www.rusnauka.com/27 NNM_2011/Stroitelstvo/3_93298.doc.htm.

Kotz Ivan — Cand. Sc. (Eng.), Professor with the Department of Heat Gas Supply.

Badiora Nataliya — Post-Graduate with the Department of Heat Gas Supply.
Vinnytsia National Technical University.

Haykosi npani BHTY, 2014, Ne 1 6



